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John Varley Retires

HIS 1S THE FIRST ISSUE of Yellowstone Science pub-

lished after the February 3, 2006, retirement of its co-

founder, John D. Varley. John’s career in Yellowstone
spanned more than 30 years, the last 13 of which he spent
as Director of the Yellowstone Center for Resources (YCR),
the park division combining natural and cultural resource staff
that he worked to create in 1993. A proven innovator and
servicewide leader of resource stewardship within the National
Park Service, John firmly established science and research as a
foundation for resource management in Yellowstone. He not
only unified the park’s previously disparate functions of natural
and cultural resource management, he also created the Biennial
Scientific Conferences on the Greater Yellowstone Ecosystem,
which began in 1991; established a research permit coordina-
tor to serve the park; and developed a professional resource
publication program that has produced many large milestone
reports and books, as well as Yellowstone Science—without
John, you wouldnt be reading this magazine. In the past 13
years, Yellowstone Science has featured articles written by doz-
ens of researchers from many disciplines. It is distributed to
more than 2,500 readers in the scientific community, regional

libraries, interest groups, political leaders, journalists, and the
public. A future issue of Yellowstone Science will, in turn, feature
an interview with John.

In the debut issue of Yellowstone Science in 1992 (above),
co-founder and then-editor Paul Schullery wrote: “Our pri-
mary goal is to explore the full breadth of the work being done
in the park—rto celebrate, through the eyes and ears and voices
of the researchers themselves, the knowledge and wonder they
so often find in this amazing place.” In this issue, Eugene Smith
and Kristeen Bennett report on the Panther Creek volcano,
which may represent the beginning of a new caldera cycle and
pethaps the formation of a new supervolcano. John Spear et al.
are back with more explorations into the search for and study
of microbial life in Yellowstone’s unusual geothermal environ-
ments. And Bill Romme and Dan Tinker share their apprecia-
tion for the underappreciated lodgepole pine.

As the YCR transitions into new leadership, Yellowstone
Science will continue to provide investigators with an opportu-
nity to share their work, and their wonder. We also thank John
for his long commitment to science and research in the park
and to us, and wish him the best in his new endeavors.
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Map showing location of Panther
Creek volcano in Yellowstone.
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A view down into Obsidian Pool in the Hayden Valley region. This hot spring
has one of the highest concentrations of dissolved hydrogen, H,, in Yellowstone.
The spring has revealed a wealth of knowledge on the diversity of bacteria in
the environment. Several newly described phyla of Bacteria were first found here
and have since been found in a number of other environments. The source hot
spring (80°C) is at the lower left; it rapidly transitions to cooler, 50°C zones as
evidenced by the brown and green microbial mats to the lower right.
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Figure 2. Generalized eruptive history of the Panther Creek volcano. (Sketches are not to scale.)
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Bill Romme and Dan Tinker

Earlier Yellowstone visitors warned Hayden to leave the partys wagons at Bottlers. There were
miles and miles, he was told, around Yellowstone Lake and among the mountains bordering
it, where pines grew so closely together that it was nearly impossible for pack animals to pass
through. Many areas were heavily strewn with once-towering pine trees, felled by autumnal
fires and later blowdowns. Networks of these fallen pines could cover thirty or more miles at a
height of three to six feet. Hayden wisely decided that his exploring team would rely on mules
and horses to transport its supplies, equipment, and specimens.

—Marlene Deahl Merrill, Yellowstone and the Great West:
Journals, Letters, and Images from the 1871 Hayden Expedition,

ILE DRIVING THE GRAND LOOP ROAD in
Yellowstone National Park, many visitors become
bored by the seemingly endless expanses of lodge-

pole pine forest that squeeze the roadsides and cover some 80%
of the park. Lodgepoles rarely grow to majestic size like pon-
derosa and other western pines; on the contrary, lodgepoles
often crowd together in dense, “doghair” thickets of tiny trees.
Lodgepole pine is typically the only tree species encountered
over much of the Yellowstone Plateau: no aspen with soft green
leaves and white bark to add color to the drab green of lodge-
pole pine needles, no downsweeping branches of spruce or fir
to add visual variety to the erect, pruned shapes of the lodge-
poles. We usually find far fewer numbers and kinds of wild-
flowers beneath a dense lodgepole pine forest than in a forest

Lincoln: Universiiy cf Nebraska Press, 1999

of aspen or spruce or fir. Similarly, the numbers and variety of
birds and other animals are generally less in lodgepole than in
other common forest types of the Rocky Mountains. Indeed,
wildlife biologists sometimes refer to lodgepole pine forests as
“biological deserts.” Thus, where the Grand Loop Road runs
for long stretches through lodgepole pine forest, passengers are
apt to use this time to read the map, play license-plate games,
or doze. It is in the meadows, stream-sides, and thermal basins
where the wildlife and other Yellowstone specialties are to be
seen; the lodgepole pine forests are mostly filler between the
interesting stuff. One Yellowstone trail guide actually discour-
ages travel on a particular trail because it runs mostly through
“boring” lodgepole pine forest.

But what if Yellowstone had no lodgepole pine? What if

14(1) » Winter 2006 Yellowstone Science



this particular tree species had never evolved, or had been wiped
out by some pathogen or other disaster long ago, and thus had
never been here to colonize the naked rock of the Yellowstone
Plateau that was exposed when the Pleistocene glaciers melted
some 12,000-14,000 years ago? Yellowstone would be a very
different place today—a place, perhaps, not nearly as appeal-
ing. Let us consider some of the ways that Yellowstone would
be different without its lodgepole pine.

The first important point is that most of the Yellowstone
Plateau—the broad expanse of ancient lava flows that cover
most of the central portion of Yellowstone Park—is composed
of various types of volcanic rocks that generally do not produce
very good soil. The widespread rhyolitic flows and tuffs, in par-
ticular, are deficient in calcium, phosphorus, and other nutri-
ents that all plants need for growth. In fact, most western tree
species simply cannot thrive in the shallow, nutrient-poor soils
that have weathered out of the common rocks of the Yellow-
stone Plateau. This includes aspen, spruce, and fir. The sharp-
eyed traveler will spot occasional individuals of these species
growing alongside the more numerous lodgepole, but these
rare individuals are mostly restricted to localized pockets of
slightly better soil and moisture conditions. Yellowstone’s long,
cold winters and short, cool summers also exclude most of the
tree species common to lower and warmer elevations. Truth
be told, only one western tree species is capable of tolerating
this combination of poor soils and short growing seasons—and
that tree is the lodgepole pine. Notably, lodgepole pine does
not merely tolerate the harsh conditions of the Yellowstone
Plateau; it actually thrives in this environment. Elsewhere in
the Rockies, where soils and climate are more conducive to
tree growth, the lodgepole is usually a minor component of the
forest, abundant only during the early stages of forest recovery
after major disturbances like forest fires, while the other trees
are becoming re-established—or lodgepole pine may be absent
altogether. Apparently, lodgepole pine cannot compete with
the other tree species in places where growing conditions are
more favorable; rather, it seems to specialize in growing where
nothing else can prosper.

Twisted, fallen lodgepole snag among young lodgepole
saplings near the Heart Lake trailhead.
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Recently burned lodgepole near Cub Creek in fall 2003.

So, if Yellowstone had no lodgepole pine, there would
likely be no trees of any kind over much of the park area. If
this were true, what kind of non-arboreal vegetation might
cover the Yellowstone Plateau in its place? To answer this ques-
tion, we can look at the other plants that grow today in natural
openings within the lodgepole pine forest. Outside of some
scattered wet areas that support meadows and bogs, we gener-
ally see sagebrush, a few grasses and wildflowers, and a lot of
rock and bare ground. Thus, without lodgepole pine, most of
the Yellowstone Plateau probably would be covered by a sparse
sagebrush-bitterbrush steppe, perhaps resembling the vegeta-
tion in the semi-arid basins surrounding Yellowstone.

Without its forest cover, the Yellowstone Plateau would
attract and support a very different complement of wildlife
species. The bison, elk, and other species of open habitats
could still live here, but true forest species—the pine marten,
the red squirrel, the porcupine, the goshawk—would never
have been here in any numbers. Grizzlies would have been
present in the early days, because they can forage quite nicely
in meadows and sagebrush. However, without the extensive
lodgepole pine forests for escape, grizzlies probably would have
been hunted to extinction soon after trigger-happy settlers and
prospectors arrived in the area in the late 1800s, long before
effective protection was afforded by national park status.

And what of the national park itself? In 1872, when park
proponents were working to convince the U.S. Congress that
the unusual natural features of this area should be protected for



all Americans for all time, they had only incomplete surveys
of the geysers and other “curiosities” as they were called at the
time. When it came time to draw a boundary line around the
new park, they wisely included a lot of extra territory, just in
case there were additional special features out there that nobody
had yet documented. Thus, Yellowstone became not only the
first national park in America (and the world), but also one
of the largest in the world today. But what if the Yellowstone
Plateau had not been covered by that extensive, almost impen-
etrable, lodgepole pine forest that had convinced Hayden to
leave his wagons behind? The Washburn and Hayden expe-
ditions of 1870 and 1871 might have more easily surveyed
a larger area and accurately mapped greater numbers of the
individual thermal features and other curiosities. We must
remember that the concept of ecosyszemn was unknown at that
time; the word itself had not yet even been coined. Given the
prevailing utilitarian philosophy of the day, the new national
park likely would have consisted of several postage-stamp par-
cels centered on the major geyser basins, the Upper and Lower
Falls and Grand Canyon of the Yellowstone River, and a few
other scenic locations, while the intervening lands (supposedly
containing nothing of special interest or importance) would
have been excluded from the park.

Let us further consider the implications of a Yellowstone
National Park comprised of a fragmented collection of indi-
vidual geysers and other scenic features, rather than the expan-
sive and mostly intact natural ecosystem that we have today.
The sagebrush steppe surrounding the geyser basins and other
curiosities probably would have passed into private ownership
for grazing and other economic activities, as occurred with
most non-forested lands in the West. The motels and curio
shops of West Yellowstone might have extended clear to the
Lower Geyser Basin, as industrious entrepreneurs scrambled
to secure the premier locations along the lazy windings of the
Madison River. The bison, elk, and large carnivores probably
would have been extirpated by over-hunting and competi-
tion with domestic livestock, just as they were elsewhere in
the Rockies during the late 1800s and early 1900s. And the
geysers themselves, isolated from the watersheds that feed their

Fireweed and heartleaf arnica flowering near the south arm
of Yellowstone Lake in 1991.

Dense lodgepole seedlings that naturally regenerated
following the 1988 fires in Yellowstone.

subterranean plumbing networks, would likely have dried up
or been irrevocably altered, as wells were drilled and streams
were dammed and diverted for utilitarian purposes. All of these
things would have resulted in major geological and ecological
changes, and would have precluded any possibility of establish-
ing such a grand national park as we have today. Yet all of this
did not happen—in large part, and perhaps primarily, because
the lowly lodgepole pine tree can grow on those poor soils of
the Yellowstone Plateau.

But we should not celebrate lodgepole pine only because
it prevented an even worse outcome for the Yellowstone coun-
try than an endless expanse of boring forests. Upon deeper
acquaintance, one learns that this is a truly remarkable form of
life. The name, “lodgepole,” apparently derives from its typi-
cally small size and straight, clean growth form, which makes it
an ideal structural timber for skin-covered lodges or tepees.

The small size of the trees results from the usually dense
stands in which these pines tend to grow, such that no indi-
vidual can obtain more than the bare minimum of water and
nutrients from the poor soils on which they are found. The
straight, clean trunk is a consequence of the leaves’ inability
to tolerate low light levels; lower branches are shed as soon as
they begin to be shaded by higher foliage and are unable to
carry their metabolic weight. In fact, most lodgepoles typi-
cally contain just a small crown of green needles at the tip of
a slender trunk.

Curiously, the scientific name for this organism is Pinus
contorta, which translated literally from the Latin means the
“twisted” or “contorted” pine. How did such an amazingly
straight-growing tree receive such an unfitting scientific name?
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The answer lies in the vagaries of nine-
teenth-century  botanical  exploration
and the rules of scientific nomenclature.
The first individuals of this species to be
described and named by a scientist, back
in the early 1800s, just happened to be
growing along the Pacific coast of North
America, where the trees do indeed have
a dwarfed and twisted growth form,
with very short needles, all because of
the area’s constant wind and sea-spray.
We now know that these coastal popu-
lations are atypical of the great major-
ity of lodgepole pine trees growing in
the interior of the continent. However,
the earliest name applied to a species of
organisms always has priority over any
subsequent name that might be sug-
gested. Appropriately, taxonomists have
acknowledged the difference between
coastal and interior populations by des-
ignating the interior trees as a separate
variety: the broad-leaf lodgepole pine, or
Pinus contorta var. latijolia.

The hardiness of lodgepole pine in
the face of inhospitable soil and cli-
mate has already been emphasized, but
we should add that it also is the most
fire-adapted of all Rocky Mountain
trees. This is important, because for-
est fires are as much a natural part of
the Yellowstone ecosystem as bison and
bears. Hundreds of lightning strikes
occur every year, though in most sum-
mers the weather is too wet for fires to
result. However, in two or three sum-
mers out of every decade, the weather
becomes dry enough to permit some of
those lightning strikes to ignite wide-
spreading forest fires, and once every
century or so the Yellowstone country
experiences an unusually dry summer in
which fires can burn over tens of thou-
sands of hectares—as occurred in 1988.
To be precise, we should point out that
adult lodgepole pine trees, while quite
fire-adapted, are actually not very fire-
tolerant; their thin bark means that they
usually die even in relatively low-inten-
sity fires. However, in places where fires
have occurred fairly regularly during the
past several thousand years, such as the
lower-elevation landscapes near the west
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entrance of Yellowstone Park, most of
the lodgepole pine trees produce seroti-
nous cones. These are cones that remain
closed even after they are mature. They
retain viable seeds for up to several
decades—until high temperatures (as in
a forest fire) melt the sealing resins and
allow the seeds to fall from the cones.
Interestingly, in those places where fires
have never been very frequent, such as in
the high country of the Central Plateau
and Two Ocean Plateau, most lodgepole
pine cones are not serotinous, and the
trees release their seeds at maturity just
like other pines. Nevertheless, wherever
lodgepole pine forests contain even a
small number of individuals with seroti-
nous cones, there will be copious quanti-
ties of seeds in the forest canopy, ready
to fall to the ground and germinate after
even the most intense fire, and, phoe-
nix-like, to create a vibrant new forest in
the ashes of the forest that burned. This
capacity to regenerate prolifically after
fire is very evident today in the places
that burned in 1988. Thus, the lodge-
pole pine can survive, can even thrive,
on the poorest soils, in the coldest cli-
mates, and, as John Muir described, on
“the most dangerous flame-swept slopes
and ridges of the Rocky Mountains,”
a tree that is “brave, indomitable, and
altogether admirable.”
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Spend some time in a lodgepole pine
forest, and you will notice little things
that evade the eye and ear of the casual
or hurried traveler—the gentle murmur
of the wind in the aromatic branches,
the rapid-fire chattering of an agitated
pine squirrel, the heat of the midday sun
contrasting with the cool of the shade,
the dappled play of sunlight on the
forest floor, especially in the fall when
the grasses turn a golden pastel color
and the dwarf huckleberry leaves blaze
softly in subdued reds and yellows. In
early summer you will be enchanted by
the ethereal, flute-like call of the hermit
thrush; a dark-eyed junco may flush sud-
denly from a tiny nest beneath a yellow
arnica flower; and looking up you may
be rewarded by the sight of a great gray
owl gazing down in silence from a tree
branch. A muddy spot may reveal the
track of elk, or bear, or wolverine, and a
curious pine marten may follow you for
a short distance.

So, what would Yellowstone be with-
outitslodgepole pine? Still an interesting
place, no doubt; the geothermal features
are sufficient to provide interest. But a
wild and romantic and magical place?
Probably not. Let us enjoy and praise
this remarkable tree and this remarkable
place.

Bill Romme (left) is a professor of fire ecology in the Department of Forest, Rangeland,
and Watershed Stewardship at Colorado State University in Fort Collins, Colorado. Dan
Tinker (right) is an assistant professor of forest and fire ecology in the departments of
Botany and Renewable Resources at the University of Wyoming in Laramie, Wyoming. Bill
and Dan have been conducting research in lodgepole pine forests throughout Yellowstone
and Grand Teton national parks for many years, including studies of the history of forest fires
in Yellowstone; the mechanisms by which lodgepole pine and other plants regenerate after
forest fires; the effects of fire on ecosystem productivity and nutrient cycling; and the role
of fallen logs and other large wood in the functioning of coniferous forest ecosystems. Both
received PhD degrees in botany from the University of Wyoming.
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E. coli colonies, each contain-
ing a unique PCR product
sequence. PCR products were
cloned for sequencing.
Sequencing reactions were
prepared and sequenced in 96-
well format. Unique sequences
assembled and  put
through the Basic Local Align-
ment Search Tool (BLAST)
algorithm  (Altschul, Mad-
den, et al. 1997) to determine
approximate phylogenetic

were

position.
Phylogenetic
Chimeric

analysis.
sequences—two
gene sequences from two dif-
ferent sources that appear as
one—were identified using
secondary-structure analyses in
addition to software (Maidak, Cole, et al. 2001). Sequences
that showed >99% identity to common contaminants of
rRNA-based molecular surveys were excluded from further

Polymerase Chain Reaction (PCR)

N MOLECULAR BIOLOGY, it is often necessary to know what one particular seg-
Iment of DNA, a gene, does for a cell. However, the cell may contain only one
copy of that gene (consisting of, e.g., 1,500 base pairs of nucleotides—A+T and
C+G repeated in a certain order). One copy is a miniscule amount—too little to
work with. In these cases, a process known as Polymerase Chain Reaction, or
PCR, is used to repeatedly amplify a segment of DNA. PCR enzymatically repli-
cates the one copy of the gene into millions or billions more copies.

To facilitate this process, PCR primers are applied to the source DNA
sequence on either side of the gene. These primers consist of the building blocks
of DNA (the A, T, C, and G nucleotides), appropriate to the gene being ana-
lyzed. From obtained DNA sequences, these oligonucleotide sequence primers
(chains of up to 20 nucleotides) have come to be teased out of genomic DNA. For
some genes, it has been observed that these sequences are often quite common
between organisms. In the case of Bacteria and Archaea, for example, it is evident
that on either side of the 16S rRNA gene, there is a like code of 15-20 base pairs
that is always the same, no matter what kind of Bacteria or Archaea is examined. In
fact, the 16S gene is very similar in actual base pair sequence among most organ-
isms, with the occasional base difference.

It is the sum of these slight differences that allows geneticists to distinguish
between organisms and infer relatedness to one another. PCR primers are used
to match that 15-20 base pair difference on either side of the gene, thereby pro-
viding a starting point in PCR to amplify that one gene. To make the multitude
of copies necessary for understanding the genetic function of the gene, the PCR
reaction replicates the source gene many times in a series of heating and cooling
reactions in the presence of an enzyme called DNA polymerase, commonly Taq
polymerase—originally isolated from a Yellowstone hot spring.

Figure 4. Field-portable, bubble-stripping apparatus for measurement of H, in geothermal
waters. An intake tube is wrapped in insulation to keep the water hot. A peristaltic pump
pumps water through a glass jar (right) with a 20-ml atmospheric air bubble inside. After an
amount of pump time at a given rate of flow, the bubble is withdrawn for analysis.

analyses (Tanner, Goebel, et al. 1998). The remaining envi-

ronmental rRNA gene sequences were then aligned to other
known SSU rRNA sequences.

Hydrogen and water chemistry. To sur-
vey the distribution of hydrogen concentra-
tions in high-temperature Yellowstone waters
(pools, streams, geothermal vents, and a well;
Spear 2002), we pumped source waters and
performed air-bubble-stripping with H,, CH ,
and CO, analysis by reduction gas chromatog-
raphy (Chapelle 1997). A peristaltic pump was
used to pump source waters through H -imper-
meable tubings into a 250-ml, glass-bottle,
bubble-stripping device for triplicate analyses.
A 20-ml atmospheric air bubble was introduced
into the bottle after it was completely filled with
the source water to be measured. Temperature
of the bubble was measured by a thermister
attached to a digital thermometer. Tubes were
insulated from the hot spring water surface to
the pump to maintain source water temperature
in the bubble-strip apparatus (Figure 4). After
bubble-stripping, bubbles were collected with
an air-tight syringe and transferred to nitrogen-
charged, H.-impermeably sealed glass septum
vials and sent to a geochemical research com-
pany in Pitesburgh, Pennsylvania, for immedi-
ate analysis on a reduction gas analyzer.

Sulfide measurements were conducted.
Samples for water chemistry were col-
lected by pumping water out of each spring,
syringe-filtering it through a 0.2-pm filter,
and acidifying it with ultra-pure nitric acid to
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