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Quaking Aspen
Introduction
Quaking aspen (Populus tremuloides) is the most
widely distributed deciduous tree in North America.
It is capable of withstanding a wide range of environmental conditions, and it is valued for multiple uses
including wood products, wildlife habitat and forage,
and scenery. In the Southwest, aspen trees are found
in the moist upland areas above 6,500 feet. Individual
trees may live up to 150 years. Aspen forms clones
connected to a single parent root system, so many
trees in an aspen stand are genetically identical. The
parent root system may be up to one million years old.
Ecology
Aspen requires full sunshine to flourish. Shade significantly weakens tree vigor and prevents regeneration. A
healthy aspen stand provides as much forage as a grassland and 10 times more palatable biomass than conifer
forests. Deer and other browsers eat young aspen
saplings year-round for the protein-rich leaves, buds,
and sprouts. Aspen provide importand feeding and
nesting habitat for numerous songbird species. In the
Southwest, mature aspen canopies provide shade necessary for forbs and berry-producing shrubs, which
are important components in the diet of black bears.
The understory vegetation and the mixture of woody
and herbaceous root systems also protect watershed
quality by controlling flooding and erosion.

Aspen stand near Spud Rock Campground. Many of the individual trees in this photo are clones connected by a common
root system. NPS Photo/Drew Jackson

An aspen stand along the Rincon Peak trail. Visitors can find
aspen along several trails and campgrounds in the Saguaro
Wilderness Area. NPS Photo/Perry Grissom

Response to Disturbances
Fire is crucial in maintaining aspen stands. Aspen
mainly regenerates by sprouting new seedlings from the
existing root structure of other mature trees through a
process called ‘suckering.’ This helps aspen regenerate
quickly after fire, and a new stand can develop within a
decade. Fire returns nutrients to the soil and stimulates
the hormones in the roots that trigger suckering. Low
intensity surface fire results in a forest stand that contains a mix of conifer and aspen, while high intensity
crown fire favors pure aspen stand regeneration. In
the absence of fire, aspen decline in number and are
replaced by mixed conifer species, although the successional process may occur over very long time periods.
Research has shown that aspen stand rejuvination in the
West has declined since 1900 in response to increased
fire suppression, however several aspen stands in Saguaro National Park (SNP) experienced natural fire in
recent decades.
Aspen are susceptible to insect outbreaks. SNP scientists
recorded minor to moderate defoliation by tent caterpillars in three aspen stands located in the Mica Mountain
area in 2010 and 2012. Insect damage reduces resprout
density compared to other disturbances, but SNP’s
aspen stands are healthy overall.
Threats to aspen in the western US include drought,
warming temperatures, chronic heavy browsing, and fire
suppression. These factors cause mortality in older trees
or inhibit reproduction.
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Sharing tales of those we’ve lost is how we keep from really losing them.
——Mitch Albom
Organisms per se are born out of Earth, are sustained by Earth, evolve in
Earth’s skin, and in death and dissolution return to it for cycles of rebirth.
——J. Stan Rowe

Burton Verne Barnes, age 83, died at his home in Ann Arbor on July 3, 2014.
He was Arthur F. Thurnau Professor Emeritus of Forestry at the University of
Michigan’s School of Natural Resources and Environment after a long career as
its Stephen H. Spurr Professor of Forest Ecology, and he also served as forest
botanist for the Matthaei Botanical Gardens. In remembering Burt we celebrate
not only an eminent forest ecologist, botanist, and geneticist, but also a mentor,
teacher, colleague, and friend.
Burt was born in Bloomington, Illinois, and grew up in nearby Charleston,
Illinois, a small college town about 100 miles west of Springfield. His initial exposure to natural history occurred when he was a boy at Camp Mishawaka in
northern Minnesota, where his father worked during the summers. It was at
Camp Mishawaka that Burt first began to collect and press samples of flowers,
leaves, and twigs. He eventually enrolled at Eastern Illinois University in
Charleston in 1948, and transferred to the University of Michigan the following
year.
It was at the School of Natural Resources (SNR; later the School of Natural
Resources and Environment, SNRE) at Michigan that Burt began to pursue his
interests in forest ecology and genetics as an undergraduate in the early 1950s
(Figure 1). During the summers he worked for the US Forest Service (USFS) in
the western United States on ponderosa pine (Pinus ponderosa) and western
white pine (P. monticola). Burt’s job was to climb to the top of trees and collect
pollen from male cones and whole female cones for their seeds. As a result of his
impatience and in order to save time—something Burt apparently learned to do
in his earliest days of field work and maintained throughout his life—Burt and
his co-workers developed the habit of leaping from treetop to treetop in an effort
to avoid having to climb up and down every tree. When Burt later returned to the
USFS as a Research Forester in Idaho, he continued this practice—much to the
chagrin of those working under his supervision, whom he asked to do the same.
Burt completed his B.S.F. (Bachelor of Science in Forestry) degree at Michigan
in 1952 and his M.F. (Master of Forestry) degree in forest ecology and silvicul-
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FIGURE 1. Burt Barnes as an undergraduate at the University of Michigan School of Natural
Resources Camp Filibert Roth, 1950. Photo courtesy of the Burton V. Barnes estate.

ture just a year later in 1953, using his summer experiences out West to complete
a thesis about thinning ponderosa pine in western Montana.
It would be easy and obvious to describe Burt’s career and adventures solely
with reference to forest ecology, but to ignore music as one of his passions would
not accurately represent his life. Those who know Burt well understood his penchant for music—and the trombone as his instrument of choice—and knew that
his musical skill and interests were not superficial. He learned trombone in his
youth, and he played it in the University of Michigan’s Marching Band and Symphony Band (Figure 2). Burt played in the Marching Band under its famous director William D. Revelli. He also enjoyed telling people that he played with, and
was a friend of, Dick Smith, who was the drum major leading a group of children
across Ferry Field in Alfred Eisenstaedt’s famous 1950 photograph in Life Magazine, which has been called “The Happiest Photo Ever Made.” Burt used to remark that on football Saturdays, in full band uniform, he felt just like those kids.
Incidentally, Burt played in the Snow Bowl vs. Ohio State in 1950 and was an active participant in pushing and pulling the band’s vehicles out of the snow on the
ride back from Columbus. He also played in the 1951 Rose Bowl, in which
Michigan defeated the University of California. Burt claimed to be too busy to
be a college football fan, but he always seemed to know the state of the team in
any given fall and could easily rattle off the names of players on the teams in the
late 1940s and early 1950s.
Burt carried his musicianship with him throughout his teaching career at the
University of Michigan, using it in classroom settings and potlucks and as part
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of “faculty jams” at SNRE holiday
parties (the faculty ensemble was
known as “The Ecotones,” Figure
3). Nothing moved him more than
students incorporating music into
his courses. Among the hundreds of
students in his Woody Plants and
Forest Ecology courses over the
years were many accomplished or
casual musicians and songwriters
themselves. Burt encouraged his
students to write songs about his
courses, if only new lyrics set to old
familiar tunes. His four-day fall
f ield trips to the Great Smoky
Mountains in Forest Ecology, for
example, were fertile ground for
musical compositions, most often
about the things the students had
seen and the adventures they had.
More than once Burt was moved
nearly to tears upon hearing these
compositions, especially when an
original melody was attached. He
collected these through the years in
what he called the “Woody Plants
and Forest Ecology Songbook,”
FIGURE 2. Burt Barnes in his University of Michiwhich he printed and distributed
gan Marching Band Uniform, 1950. Photo courtesy
well after his retirement. Burt also
of the Burton V. Barnes estate.
had a dream he often talked about,
in which he would form a traveling
two-piece act with his son Brooks—himself an accomplished professional trombonist.
Burt was soon drafted during the Korean War, and his keen musicianship and
pacifism led him to play in the US Army Band between 1953 and 1955 at Ft.
Knox in Kentucky. He also graduated from the US Naval School of Music in
1954. Though he was not an openly political man, Burt was a self-described
“dove”; he was a very outspoken proponent of peaceful resolution to conflict and
bristled at the discussion of war. Throughout his career, he referred to each of the
conflicts in Korea, Vietnam, the Persian Gulf, Iraq, and Afghanistan as “This stupid war!” (or “That stupid war!” if speaking in retrospect). At the onset of several of these conflicts, he would display a cardboard sign reading “Peace” in the
front window of his house. He was very outspoken about his view that students
should remain in college rather than being drafted into military service that date
to his own time in the Army. He wrote a well-articulated letter in the 1950s, now
on file at the Library of Congress, that detailed his belief that college students
were more useful in school than at war. During the Vietnam War, Burt was well-
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known for persuading students to attend graduate school in order to obtain deferments from the draft.
Burt returned to Ann Arbor in
1955 to begin a doctoral program
under the guidance of Stephen H.
Spurr (Figure 4). It was during this
period that Burt began to build his
expertise in the growth, development, and ecology of North American aspens (Populus spp.), particularly at the University of Michigan’s
Biological Station (UMBS). Burt
liked to tell the story that Spurr took
him out onto the Pellston Plain,
waved his arms at the scraggy aspen,
and asked him to figure out how to
tell the difference between the aspen
clones. Burt replied “You’re the
boss,” and proceeded to develop a
seminal study on the clonal growth
of aspen. He differentiated the
clones based on minute differences
in leaf and branch morphology, fungal infections, bark characteristics, FIGURE 3. Burt Barnes, in German holiday reand the timing of spring leaf flush. galia, plays trombone with the “Ecotones,” a faculty ensemble that entertained at SNRE holiday
He also excavated and carefully parties, December 2005. Photo courtesy of Shaw
mapped complete aspen root sys- Lacy via University of Michigan School of Natural
tems as part of this work (Figure 5). Resources and Environment Flickr page under a
Burt’s work at UMBS in the 1950s Creative Commons Attribution 2.0 Generic lidesaturated from original; original at
convinced silviculturalists and cense;
www.flickr.com/photos/snre/14639936173/.
foresters at the time that aspen contained an enormous amount of genetic variation, evident at the clonal level, far more than was recognized at the
time. He published much of this work in 1966 in the journal Ecology, in a paper
that is still cited by many ecologists today. He completed his PhD in forest ecology and forest botany in 1959.
Burt worked as a Research Forester for the USFS in Moscow, Idaho, from
1959 to 1963, continuing to pursue his interests in forest genetics with a specific
focus on western white pine (Figure 6). His work from this period dominated his
early publication record and would help to direct his initial research at the University of Michigan. During 1963 and 1964, Burt completed a Postdoctoral Fellowship at the Forest Experiment Station of Baden-Württemberg in StuttgartWeilimdorf, Germany. His work in Baden-Württemberg exposed him to a
multifactor, multiscale ecological classification approach that focused on interactions, integrating ecological factors simultaneously in the field. The approach
was to transform Burt’s research when he brought it to Michigan and refined it
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FIGURE 4. Burt Barnes in Ann Arbor during his
doctoral years, 1955. Photo courtesy of the Burton
V. Barnes estate.
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beginning in the late 1970s and early
1980s. Burt was convinced that this
“landscape ecosystem approach”
provided an ecological framework
for management of all kinds, including preservation, conservation, and
ecological diversity, as well as ecological research. Burt and his students were influential in having the
approach adopted by the USFS and
The Nature Conservancy in Michigan and elsewhere (see Albert et al.
this issue).
Burt was hired onto the faculty of
SNR at Michigan in 1964 (Figure 7).
Soon after his arrival, Burt worked
with Warren H. (“Herb”) Wagner, Jr.,
an eminent botanist and former
member of his dissertation committee, and with his graduate students to
develop the Woody Plants course
(see Sharik this issue). Woody Plants
was a novel, innovative version of a
dendrology course whereby students
would learn trees and shrubs in the
f ield in their native ecosystems.
Throughout his career, Burt valued
the importance of his teaching, and
he grew particularly infatuated with
perfecting his technique (see MacGregor and Gunn, this issue). Burt
considered his relationship with
Herb Wagner to be instrumental to
his pedagogy, and their collaboration
in Woody Plants is legendary at
Michigan and elsewhere (see Dick et
al. this issue). During this period,

FIGURE 5. Burt Barnes with an excavated
aspen seedling at the University of Michigan
Biological Station, 1957. Photo courtesy of the
Burton V. Barnes estate.
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FIGURE 6. Burt Barnes sighting field plot lines in northern Idaho, 1962. Photo courtesy of the Burton V. Barnes estate.

Burt also developed and perfected his Forest Ecology course, which included
weekly field labs and long field trips to the UMBS and the Great Smoky Mountains (Figure 8). Many professors at SNR/SNRE modeled their teaching technique after Burt’s to the extent that they could (and tempered their frustrations
when they failed to duplicate his success). Burt
garnered many awards
during his career, but
those honoring his successes in teaching were
among those he treasured
the most. They included
the University of Michigan Teaching Award, the

FIGURE 7. Drs. Fred Knight
and Burt Barnes walking to the
School of Natural Resources at
the University of Michigan,
April 1968. Drs. Knight and
Barnes regularly carpooled to
campus together. Photo by
Bruce Dancik.
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FIGURE 8. Burt Barnes uses
an aluminum pruning pole to
access drinking water below
Ramsey Cascades, Great
Smoky Mountains National
Park, October 1969. Photo by
Bruce Dancik.

Arthur F. Thurnau Professorship for “outstanding contributions in undergraduate
education,” Students for SNRE Outstanding Teaching Award, the Golden Apple
Award, the Michigan Professor of the Year Award from the Council for Advancement and Support of Education, and the Carl Alwin Schenck Award from the Society of American Foresters in recognition of demonstrated and outstanding performance in teaching and forestry education. In 2004 the Michigan Sierra Club
established a new award named the Burton V. Barnes Award for Outstanding
Academic Contributions in Support of Michigan’s Environment, with Burt as the
initial recipient.
Burt was very proud of his work with his mentors throughout his University
career. He joined Stephen Spurr as the junior author on the second edition of
Forest Ecology, a well-known textbook in the field, which was published in
1973. Burt revised the text for a third edition with Spurr in 1980, and included
him posthumously as a co-author on the fourth edition, published in 1998. Burt
worked with Herb Wagner to publish the enormously popular Michigan Trees in
1981, a trees and shrub identification guide treasured by students, naturalists,
ecologists, and outdoor enthusiasts. He revised Michigan Trees in 2004 and
maintained Wagner as a posthumous co-author. Burt was completing a new
book, Michigan Shrubs & Vines, with coauthors Chris Dick (who replaced Burt
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FIGURE 9. Burt Barnes measures height growth of aspen hybrids at the southern Michigan nursery
in Brighton, Michigan, 1965. Photo by Bruce Dancik.

as an instructor for Woody Plants upon his retirement) and Melanie Gunn (a former student and co-instructor), at the time of his death.
Upon his appointment to the faculty at Michigan, Burt continued his investigations of North American aspen; some of this work led to Burt’s work with
Herb Wagner on hybridization and introgression in aspen throughout the 1960s
and 70s (Figure 9). Barnes and Wagner once thought they had discovered a new
hybrid species that had arisen between the two native Michigan aspens, trembling aspen (P. tremuloides) and bigtooth aspen (P. grandidentata). Wagner
named it the Barnes aspen (Populus × barnesii), only to discover that the species
had already been named (Populus × smithii). With no offense taken and a good
story to tell to students for decades, Burt continued to study and document the
species and its intermediates throughout his career. Burt’s early career at Michigan also focused on the natural variation, hybridization, and genecology of
birches (Betula spp.) and ashes (Fraxinus spp.) with his early graduate students.
In addition to a suite of publications, this work eventually contributed to the
naming of a new birch species, the Murray birch (Betula murrayana B.V. Barnes
& Dancik), identified at Saginaw Forest in 1985 (see Dancik, this issue). The
Murray birch is recognized as a rare birch species resulting from a cross between
a native hybrid species (Betula × purpusii) and yellow birch (B. alleghaniensis).
As a part of his aspen work in the West, Burt began to examine an extremely
large trembling aspen clone southwest of Fish Lake, Utah, in the late 1960s and
early 1970s. Using aerial photography and the same morphological differentiation techniques he developed for aspen at UMBS for his dissertation, Burt con-
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cluded that the aspen forest that covered about 106 acres was a single aspen
clone, quite possibly the “world’s largest organism.” Other than a single publication about aspen clone size and another great story to tell his students, Burt’s
studies on the Fish Lake clone were relatively obscure. The clone was revisited
by several researchers in the early 1990s who confirmed Burt’s original findings
using modern molecular techniques. Those researchers pursued and garnered
substantial national media coverage and even named the clone “Pando”. In the
meantime, Burt continued to avoid media attention, even when comments were
requested directly from him. He even quietly attended public tours of the clone
unrecognized in the 1990s and 2000s, happily keeping his identity and expertise
unknown to the researchers leading the tour (some of whom, when they were told
after his death of his possible presence, nervously tried to recollect whether he
might have been there!). Instead, Burt chose to poke fun at his overlooked fame
with his students in Woody Plants and Forest Ecology with lectures about “the
WLO” and rallying cries like “Aspen über alles!”
Burt’s research also took him to China, where he was interested in comparing
woody plant species and ecosystems between eastern Asia and eastern North
America (see Makino et al., this issue). Burt began his research in China during
the height of the Cold War in the early 1980s and was one of the first western scientists to visit China during that period. Despite this significant hurdle, he accomplished significant collections of “sister species” and was able to conduct
extensive field research across remote areas in eastern China, including the
rugged Yellow Mountains. Burt returned to China as a Visiting Scientist in the
mid-1980s, where he was hosted by the Nanjing Institute of Forestry. He studied
forest ecosystems and Chinese aspen species in the Changbaishan Preserve in
northeast China and made visits to Shenyang and Liaoning Provinces, as well as
to Beijing. He returned to China again in 1992. Burt served as the adviser for
several Chinese graduate students at SNR/SNRE as a result of the connections
he made from these trips.
Burt’s research beginning in the 1980s saw a proliferation of the landscape
ecosystem approach he first encountered in Baden-Württemberg and later refined and applied to the study and management of forest ecosystems in Michigan (see Albert et al., this issue). Burt and his students first applied the landscape
ecosystem approach—an integration of climate, landforms, and soil, and biota—
at local scales to wilderness tracts in Michigan’s Upper Peninsula, but his focus
quickly turned towards a regional classification of Michigan’s ecosystems, which
he completed with his students in the mid-1980s. The usefulness of the approach
culminated in a 10,000 acre classification and mapping of UMBS at multiple
scales in the 1990s, including broad glacial landforms, specific types of landforms, and local landscape ecosystems. The classification, with a level of detail
that is unique to the United States, still forms the basis for many of the field research projects at UMBS. Burt and his students began to apply the approach to
many types of ecological systems in northern and southeastern Lower Michigan
and continued to do so until he retired in 2006.
Burt’s development and use of his landscape ecosystem approach led to a
long-standing friendship and collaboration with Canadian plant ecologist J. Stan
Rowe. Burt developed an ecocentric world view from these influences, believing
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that biota cannot live on their own but are conferred life from the Earth, such that
Earth itself is Life. In terms of his research, this meant that ecological science
should focus on the study of whole, volumetric, air-biota-land systems (ecosystems) rather than simply the species they contain. Burt became steadfast in this
philosophy, and it began to permeate every new bit of research he undertook;
what once would have been studies on aspen or red maple (Acer rubrum) became
work on aspen or red maple ecosystems. His perspective created some tension
with some of his colleagues and mentors, including Herb Wagner himself, who
considered the lack of a focus on species to be a potential threat to the conservation of biodiversity.
Beyond his science, however, Burt began to consider the inherent and metaphysical value of whole ecosystems, and he believed that because humans were
not the center of these systems they perhaps should not attempt to attain their
control and management, even when their intentions were good. He believed that
an understanding of whole ecosystems would provide guidelines for human behavior, and, as a result, his ecological ethics became more conservation-minded
than ever. In one of his last bits of public writing in 2013, Burt provided written
testimony to the Michigan State Senate opposing Senate Bill 78, which would
have prohibited the Michigan Department of Natural Resources from using biodiversity in its management decisions. After a scathing review of why species depend on the ecosystems to which they belong, he concluded that the bill was “divisive, counterproductive, mean-spirited; couldn’t be worse. As Mark Twain said
of a book he reviewed—it is a cemetery.” It was a fitting summation of a piece
of legislation that clearly offended his perspective of the world, and his testimony
went viral on the Internet.
Burt officially retired in 2006, and decided to hold a “Burt’s Biostation Bash”
at UMBS rather than a typical retirement party in Ann Arbor. Burt’s Bash was
held to reaffirm Burt’s message about the importance of learning ecology in the
field, and consisted of a full weekend of field trips and activities at UMBS. Hundreds of current and former students and colleagues from across North America
attended to hear Burt teach in the field one last time (Figure 10.) The weekend
culminated in a “rally” in the lecture hall, where the audience was loud with
yelling and singing, skits and impressions about Burt were performed by his former students, SNRE administrators were present, and Burt was asked to speak
about his career. True to form, Burt declined to talk about himself and instead
did his best to encourage the audience to speak to the administrators about the
importance of retaining field courses at SNRE.
After retirement, Burt remained steadfast in both research (see Dick et al. this
issue) and teaching, including numerous field courses at UMBS through 2010
(Figure 11). Burt had earned many awards and recognitions for his research by
the time he retired, including the Michigan Society of American Foresters’ John
L. Arend Research Recognition Award, the Society of American Foresters’ Barrington Moore Memorial Award for outstanding research in forest ecology, The
Great Seal of the State of Michigan, and a State of Michigan Special Tribute
from the 93rd session of the Michigan Legislature and Governor Jennifer M.
Granholm. He was awarded a Lifetime Achievement Award by the Michigan
Botanical Club in 2013. His long and illustrious career (Figure 12) resulted in six
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FIGURE 10. Burt Barnes teaches from a soil pit to generations of current and former students and
colleagues at his “Biostation Bash” retirement party at the University of Michigan Biological Station,
July 2006. Photo from University of Michigan School of Natural Resources and Environment Flickr
page under a Creative Commons Attribution 2.0 Generic license; desaturated from original; original
at www.flickr.com/photos/snre/14420508600/.

FIGURE 11. Burt Barnes teaches students in a mini-course at the University of Michigan Biological Station, 2006. Photo from University of Michigan School of Natural Resources and Environment Flickr page under a Creative Commons Attribution 2.0 Generic license; desaturated
from original; original at www.flickr.com/photos/snre/14606564982/.
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FIGURE 12. Burt Barnes collecting increment cores in 1952 (left) and in 1993 (right). Left photo
courtesy of the Burton V. Barnes estate; right photo by Dan Kashian.

books, three book chapters, and 97 published papers to date, and several more
are expected to be published posthumously, as well as an enormous sphere of influence that has produced hundreds of works of research by his former students.
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Compared with a mite or a virus, we humans are enormous. But we share this planet with other
organisms that, in turn, dwarf us. At 100 feet, a blue whale is about 18 times longer than the
average person; a giant sequoia, three times that. There are even larger giants on Earth, and
you don’t have to travel to some far-�ung corner of the world to see them. In 1992 two
Michigan biologists startled the public by announcing their discovery of a fungus covering an
area of 40 acres. Their announcement was soon followed by one from another group of
researchers who claimed to have found a 1,500-acre fungus in Washington.
When I and two of my colleagues at the University of Colorado, Jeffry Mitton and Yan Linhart,
�rst read about the fungi, we decided that the record had to be set straight. While the
Washington fungus may in fact be the world’s largest organism in area, it is not the largest in
mass. Its discoverers have yet to calculate its weight, but they do know that it probably weighs
under 825,000 pounds--about double the weight of a blue whale but nowhere near that of a
giant sequoia, which can tip the scales at 4.5 million pounds. Yet even the majestic giant
1 FREE ARTICLE
SUBSCRIBE
sequoia is not the record holder. That honor goes to a tree that my co-workers and I have
studied for years: the quaking aspen, a common tree that dapples many mountains of North
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“PANDO” LIVES: MOLECULAR GENETIC EVIDENCE
OF A GIANT ASPEN CLONE IN CENTRAL UTAH
Jennifer DeWoody1,3, Carol A. Rowe2, Valerie D. Hipkins1, and Karen E. Mock2
ABSTRACT.—While clones of trembling aspen (Populus tremuloides, Michx.) in the Intermountain West of North
America are expected to be large, one putative genet in central Utah, identified from morphological evidence, has garnered particular attention for its size, even gaining the nickname “Pando” (Latin for “I spread”). In order to determine if
a single genetic individual coincides with the morphological boundary of “Pando,” we sampled 209 stems on a 50-m grid
throughout the putative clone for analysis at 7 microsatellite loci. We have identified a single genetic entity concurrent
with that described from morphological characteristics. Spatial analyses indicate that the clone covers approximately
43.6 ha. Surprisingly, an additional 40 genotypes were identified adjacent to the putative clone, indicating that genet
diversity may be high in the stand as a whole. In confirming the existence of the “Pando” clone, we suggest that this
organism will provide valuable opportunities to study important biological processes such as clonal growth, somatic
mutation, and senescence.
Key words: aspen, clone, microsatellite.

Trembling aspen (Populus tremuloides,
Michx.) is the most widely distributed tree in
North America (Little 1971) and is noted for
its ability to reproduce vegetatively via root
suckers, resulting in genetically identical stems,
or ramets, occurring within stands. Sexual reproduction, by contrast, is putatively rare and
episodic in western landscapes, as seedlings
require a narrow, ephemeral range of conditions to become established (Kemperman and
Barnes 1976, Romme 1982, Romme and Despain 1989).
The size of single genetic individuals (genets)
resulting from repeated suckering varies across
the species range. Studies of aspen in eastern
North America indicate that stand and genet
size tend to be small, <1 ha to a few hectares
(Barnes 1966, Kemperman and Barnes 1976,
Wyman et al. 2003). Recent studies of aspen in
the Pacific West (Cascade and Sierra Nevada
Mountains) indicate that while stand size can
be large (≤141 ha; Di Orio et al. 2005), genet
size tends to remain small, with large stands
being composed of multiple genetic individuals (Hipkins and Kitzmiller 2004). Aspens in
the Intermountain West have gained the most
attention because of their large stand sizes and
clone sizes, as indicated by morphological

studies (Barnes 1966, Kemperman and Barnes
1976, Mitton and Grant 1996).
The putative clone referred to as “Pando,”
first described from aerial-photograph analysis,
is estimated to cover over 40 ha and contain
around 47,000 stems (Kemperman and Barnes
1976). Subsequent reports nominating the
predicted clone as the world’s largest organism
were based on Kemperman and Barnes’ morphological study but did not include molecular
genetic evidence (Grant et al. 1992, Grant
1993). Here we used putatively neutral molecular markers (microsatellites) to determine
whether the phenotypic boundary defined as
Pando (Kemperman and Barnes 1976) corresponds to a single multilocus molecular genotype (genet) or to multiple distinct genets.
METHODS
To delineate the clone described as “Pando,”
samples were collected from 209 stems defined
by a 50-m grid within and adjacent to the
boundary described by Kemperman and Barnes
(1976). The site is located on Fishlake National
Forest (38°31N, 111°45W) in central Utah
(Fig. 1). Leaf samples, or cambium samples
where canopy height prevented leaf collection

1USDA Forest Service, PSW Research Station, National Forest Genetics Lab, 2480 Carson Road, Placerville, CA 95667.
2Department of Wildland Resources, Utah State University, Logan, UT 84322-5230.
3Present address: University of Southampton, School of Biological Sciences, Building 62, Boldrewood Campus, Southampton

E-mail: j.dewoody@soton.ac.uk
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REVIEW / SYNTHÈSE

Changing perspectives on regeneration ecology
and genetic diversity in western quaking aspen:
implications for silviculture
James N. Long and Karen Mock

Abstract: A conventional view of regeneration ecology of quaking aspen (Populus tremuloides Michx.) in western North
American holds that reproduction is strictly vegetative and, except on some marginal sites, only successful following
high-severity disturbance. This view has strongly influenced silvicultural treatment of western aspen and has led to low
expectations concerning genetic diversity of stands and landscapes. However, recent discoveries are fundamentally altering
our understanding of western aspen regeneration ecology and genetics. For example, there are clearly multiple pathways of
aspen regeneration and stand development. Research on a variety of fronts indicates that seedling establishment is common
enough to be ecologically important and that genetic diversity is substantially greater than previously thought. We review
conventional understanding of western aspen and put this into the context of silvicultural practice. We then review recent
developments in aspen research and assess the silvicultural implications of these insights.
Résumé : Une vision classique de l’écologie de la régénération du peuplier faux-tremble (Populus tremuloides Michx.)
dans l’Ouest de l’Amérique du Nord veut que la reproduction soit strictement végétative et, à l’exception de certaines
stations marginales, ne réussissent qu’à la suite d’une perturbation sévère. Cette vision a fortement influencé la sylviculture
du peuplier faux-tremble et suscité de faibles attentes quant à la diversité génétique des peuplements et des paysages.
Cependant, des découvertes récentes sont en train de modifier en profondeur notre compréhension de l’écologie de la
régénération et de la génétique du peuplier faux-tremble. À titre d’exemple, il existe clairement plusieurs modes de
régénération et de développement des peuplements. Les recherches menées sur plusieurs fronts indiquent que
l’établissement des semis est suffisamment fréquent pour être écologiquement important et que la diversité génétique est
beaucoup plus grande qu’on l’avait précédemment imaginé. Nous passons en revue la perception classique du peuplier
faux-tremble dans le contexte des pratiques sylvicoles. Nous passons ensuite en revue les avancées récentes de la recherche
sur le peuplier et nous évaluons les implications sylvicoles de ces informations.
[Traduit par la Rédaction]

Introduction
Quaking aspen (Populus tremuloides Michx.) (Salicaceae)
is the most widely distributed tree species in North America.
Its range extends entirely across the continent from Newfoundland to Alaska and south to Mexico (Little 1971). Quaking aspen is closely related to bigtooth aspen (Populus
grandidentata Michx.) and four Eurasian species (Hamzeh
and Dayanandan 2004). As a group, these species have a
circumpolar distribution. In western North America, P. tremuloides (hereafter referred to as western aspen or simply aspen)
has not only an extensive latitudinal range (Alaska to Mexico)
but also the broadest ecological amplitude of any western tree
species. In the central Rocky Mountains of the United States,
for example, aspen occupies sites from less than 2500 to more
than 3500 m elevation — all the way from the lower tree line

to the upper tree line (Mitton and Grant 1996). Within a given
watershed, it can occupy sites ranging from xeric to mesic.
Aspen has high aesthetic and recreational values (Mitton and
Grant 1996) and is the most important deciduous forest type in
western North America, with high value as forage for wildlife
and domestic livestock, fiber (and potentially biofuels), biodiversity, and as a fuelbreak.
This review is focused on aspen of western North America,
particularly the Rocky Mountains of Canada and the United
States. There is a well-developed conventional wisdom concerning the regeneration ecology, genetics, and silviculture of
western aspen that sometimes is in contrast with conventional
wisdom concerning eastern aspen. In particular, the relative
infrequency of seedling establishment and the large clone sizes
in western aspen have dominated management perceptions and
practices in western North America. The understanding of
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Abstract
Aspen ecosystems (upland Populus-dominated forests) support diverse species assemblages in many parts of the northern hemisphere, yet are imperiled by common stressors.
Extended drought, fire suppression, human development, and chronic herbivory serve to
limit the sustainability of this keystone species. Here we assess conditions at a renowned
quaking aspen (Populus tremuloides) grove—purportedly the largest living organism on
earth—with ramifications for aspen biogeography globally. The “Pando” clone is 43 ha and
estimated to contain 47,000 genetically identical aspen ramets. This iconic forest is threatened in particular by herbivory, and current management activities aim to reverse the potential for type conversion, likely to a non-forest state. We set out to gauge agents affecting
recent deterioration through a network of monitoring plots and by examining a chronosequence of historic aerial photos to better understand the timing of putative departure from a
sustainable course. Sixty-five permanent forest monitoring plots were located in three management regimes existing within Pando: no fencing, fencing with active and passive treatments, fencing with passive-only treatment. At each sample plot we measured live and
dead mature trees, stem recruitment and regeneration, forest and shrub cover, browse
level, and feces counts as a surrogate for ungulate presence. Ordination results indicate
that aspen regeneration was the strongest indicator of overall forest conditions at Pando,
and that mule deer (Odocoileus hemionus) presence strongly impacts successful regeneration. Additionally, fencing with active/passive treatments yielded the most robust regeneration levels; however, a fence penetrable by ungulates in the passive-only treatment most
likely played a role in this outcome. The aerial photo sequence depicts various human intrusions over the past seven decades, but perhaps most telling, a decline in self-replacement
beginning 30–40 years ago. Aspen communities in many locations in North American and
Europe are impacted by unchecked herbivory. The Pando clone presents a unique opportunity for understanding browse mechanisms in a forest where tree genotype, closely aligned
with growth and chemical defense, is uniform.
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The sediment record from Fish Lake, Utah: new insights on Bonneville Basin hydroclimate and environment and the potential to extend
the record through the Pleistocene
By Lesleigh Anderson and the Fish Lake Research Group
U.S. Geological Survey, Denver, Colorado
land@usgs.gov

T

he paleoenvironmental history of the Bonneville Basin during the Quaternary has been
studied for over a century, yet the region continues to attract attention. This is not only because of
the enigmatic nature of large pluvial lakes and high
elevation glaciers, but because numerous uncertainties
about the driving climatic processes and mechanisms
still exist. Furthermore, a better understanding of
paleohydrologic change during periods of large climatic variability provides insights into the global climate system that are relevant today.
The major paleohydrological shifts across western
North America during the late Pleistocene, including
the expansion and contraction of lakes and glaciers in
the Bonneville Basin, are broadly consistent with millennial-scale trends in northern hemisphere temperatures. However, more variable spatial paleohydrologic
patterns are evident during rapid de-glacial climate
shifts, such as the Bølling/Allerød (14.6–12.8 ka) and
Younger Dryas (12.8–11.7 ka), and the hydroclimatic
mechanisms, such as atmospheric circulation patterns,
precipitation source and seasonality, and net moisture
balance (precipitation-evaporation) are debated. There
are far fewer continuous geologic archives in the
Bonneville Basin with sufficient duration, temporal
resolution, and dating control to address hydroclimatic
variations over multiple glacial-interglacial, including
forcing and feedbacks, and relationships with local
glacial extents and vegetation change. Some paleoclimate records suggest that Bonneville Basin paleoclimate was asynchronous with orbital variations and
global boundary conditions, which raises important
www.amqua.org

questions about the nature of previous interglacial periods. This is also relevant for understanding potential
change for the region in the future.
To provide new constraints on late Quaternary Bonneville Basin hydroclimate, we are developing a multiproxy sediment record from Fish Lake (38.56˚N, 111.69˚W, 2696 m elevation), located in south-central
Utah, near its southeastern boundary and transition to
the Colorado Plateau (Fig. 1).

Figure 1. Locator map for A. the high plateaus of Utah; B.
Fish Lake (modified from Marchetti et al., 2011).

The lake is moderate in size (~7x1.5 km), relatively
deep (37 m), and located within the high elevation
Fish Lake Plateau (3545 m), which was glaciated during the last two glacial periods (~15‒23 ka and ~130‒
150 ka). The lake occupies a NE-striking tectonic graben and seismic and gravity measurements suggest the
lake may contain sediment thickness as high as ~200
m.
8
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One outlet glacier, in Pelican Canyon, deposited moraines and outwash into the northern margin of Fish
Lake (Fig. 2), but the main basin was never glaciated.
The site is also the location of the Pando aspen grove
that is estimated to have had a metabolically alive root
system for at least ~80,000 years.

SPRING 2019

tions. However, below the thermocline, pH is near
neutral and nearly all carbonate mineral dissolution
within the water column is likely.
We collected sediment cores through the ice in February of 2014 using a 9-cm-diameter UWITECH coring
system in 31 m of water (Fig. 3). An 11.2-m-long
composite core was constructed from overlapping 2 m
drives, taken in triplicate, and dated using 12 radiocarbon measurements and 3 known-age tephras.
A.

Figure 2. The Fish Lake Plateau, Pelican Canyon, and
moraine viewed from Fish Lake, south central Utah.

We have documented the bathymetry, limnology, and
aqueous geochemistry of Fish Lake. Water depths increase abruptly several hundred meters from shore
around most of the lake. Otherwise the lake bottom
slopes gently towards the broad east-southeast tilting
of the Thousand Lakes fault, which bounds the lake’s
eastern margins. At the northern end of the lake,
downslope from the prominent Pelican Canyon moraine, a series of submerged arcuate ridges are interpreted to reflect more advanced glacial terminus. The
lake is dimictic with numerous surface streams that
flow into the lake. The one surface outflow is a tributary headwater of the Fremont River, which flows into
the Upper Colorado River. High evaporative enrichment is indicated by lake water isotope ratios and conservative ions, which suggest significant evaporative
water loss and lake water residence times of 15 to 30
years. Declines in dissolved silica concentrations between inflowing and lake waters, indicate substantial
uptake by diatoms. During summer, epilimnion pH
values of 8.7 contribute to slight oversaturation with
respect to calcite/aragonite, which suggests that carbonate precipitates could form in minor concentrawww.amqua.org

B.

Figure 3. A. Coring Fish Lake, Utah, with the UWITECH. Two
days of continuous work was required to obtain 3 cores of ~11 m
length with overlapping drives. B. Dave Marchetti and Western
Colorado University students: proud of one of the tougher drives
to obtain.

Core lithology, CT scans (CT#), magnetic susceptibility (MS), sediment density, organic matter content,
and biogenic silica concentrations were used to correlate drives and demonstrate complete recovery with
three distinct sediment packages:
9
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Legacies of Indigenous land use shaped past
wildﬁre regimes in the Basin-Plateau Region, USA

1234567890():,;

Vachel A. Carter 1 ✉, Andrea Brunelle1,2, Mitchell J. Power 2,3, R. Justin DeRose 4, Matthew F. Bekker5,
Isaac Hart1,6, Simon Brewer 1, Jerry Spangler7, Erick Robinson8, Mark Abbott 9, S. Yoshi Maezumi 10 &
Brian F. Codding 2,6,11

Climatic conditions exert an important inﬂuence on wildﬁre activity in the western United
States; however, Indigenous farming activity may have also shaped the local ﬁre regimes for
millennia. The Fish Lake Plateau is located on the Great Basin–Colorado Plateau boundary, the
only region in western North America where maize farming was adopted then suddenly
abandoned. Here we integrate sedimentary archives, tree rings, and archeological data to
reconstruct the past 1200 years of ﬁre, climate, and human activity. We identify a period of
high ﬁre activity during the apex of prehistoric farming between 900 and 1400 CE, and
suggest that farming likely obscured the role of climate on the ﬁre regime through the use of
frequent low-severity burning. Climatic conditions again became the dominant driver of
wildﬁre when prehistoric populations abandoned farming around 1400 CE. We conclude that
Indigenous populations shaped high-elevation mixed-conifer ﬁre regimes on the Fish Lake
Plateau through land-use practices.
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University, Logan, UT, USA. 5 Department of Geography, Brigham Young University, Provo, UT, USA. 6 Archaeological Center, University of Utah, Salt Lake
City, UT, USA. 7 Colorado Plateau Archaeological Alliance, Ogden, UT, USA. 8 Department of Sociology, Social Work and Anthropology, Utah State
University, Logan, UT, USA. 9 Department of Geology and Environmental Science, University of Pittsburgh, Pittsburgh, PA, USA. 10 Department of Ecosystem
and Landscape Dynamics, Institute for Biodiversity and Ecosystem Dynamics, The University of Amsterdam, Amsterdam, The Netherlands. 11 Department of
Anthropology, University of Utah, Salt Lake City, UT, USA. ✉email: vachel.carter@gmail.com
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