





Figure 16—Pioneer Forest Manager Ed Woods, Owner Leo Drey, and Chief
Forester Charlie Kirk. (Courtesy of Pioneer Forest)

But, regardless of prevailing attitudes, Trammel jumped at the
chance to apply for a rare opening on the Pioneer Forest staff in
1970 and was hired. In 1972, when Ed Woods retired and Charlie
Kirk took over as forest manager, Trammel was promoted to
chief forester. That fall, Terry Cunningham, who had experienced
similar attitudes at MU during his quest for a degree, was hired
as a temporary to help with the 1972 forest inventory and then
was kept on to handle operations near Van Buren. Rayborn
Skaggs retired in 1975 and was succeeded by his son Danny,
who had learned the trade and the forest by accompanying his
father. Trammel became forest manager in 1979 when Charlie
Kirk retired, and Cunningham took over as chief forester. Another
veteran, Paul Corder, became ill and died in 1980. So, except

for Russ Noah at Eminence, who would continue until 1985, the
forest, by 1980, witnessed a turnover of the original staff that
had come from Distillers—and from Pioneer Cooperage before
that—and a new generation was in charge on Pioneer, none of
them yet out of their 30s.

The 1970s and early 1980s must have been lonely years for

the staff on Pioneer, especially for the younger recruits whose
entire education had emphasized the virtues of even-aged
management and detailed the myriad problems of older
uneven-aged approaches. They kept doing what they had been
doing—what they learned from the seasoned staff and what
their boss, Leo Drey, wanted them to do: continue to individually
mark trees by single-tree selection. But, Drey was dubbed
“conservation’s Don Quixote” in the popular media (Stevens
1971) because of his leadership in environmental causes as
well as his dreams for Pioneer, and professional foresters,

most of whom were circling the wagons to ward off attacks by
environmentalists, began to look askance at the management
of Pioneer as well. Trammel and Cunningham in particular, after
they were left in charge by the retirements of Woods, Kirk, and
the other veterans, admitted they felt quite isolated from the
professional forestry fraternity, wondering whether, in fact, their
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system would work in the long run. Virtually all the silvicultural
studies published in those years, and there were hundreds of
them, were saying one couldn’t expect to get oak reproduction
without clearcutting. There was virtually no research on uneven-
aged management in the central hardwoods region.

Charlie Kirk, who had begun his career in the 1930s and had
come to Missouri in 1938, the first year of the new state forestry
division, had been socialized into the profession in a different
era when single-tree selection was the norm. It was not until
the last decade of his career that he witnessed the wholesale
revolution in silvicultural orthodoxy. Shortly before he retired,

he wrote a moving rumination on his own management
philosophy born of 40 years of experience in the 0zark woods:
“I Think on It Often” (Kirk 1979). There was a spot high under
his right shoulder blade that itched off and on for years. It finally
occurred to him, he said, “that this itch occurs only when the
mind is wrestling with questions that have, at least to me, no
immediate, concrete answer. | have learned the hard way that
whenever this shoulder itches, | should rethink my answers.”

For 30 years, he admitted, he had been haunted by something
Cal Stott said: “There is little doubt that man has the authority
to say what will happen to a wild woods. The question is, does
he have the wisdom?” Kirk compared rings in cross-sections of
two 16-inch black oaks recently cut on Pioneer, one of which
was 14 inches in diameter at age 22 but grew only 2 inches

in its final 12 years, whereas the other was only 11 inches at
age 68 but had grown a full 5 inches in the next 7 years. His
shoulder itched as he pondered the imperfect art of marking
timber. He ended with a litany of altered ideas in a “strange
half-century of forestry,” from condemnation to acceptance of
fire and clearcutting, to the shift from multiple to single use, to
the glib notion of preservation, and the “silvicultural suicide” of
diameter-limit cutting. “I am older now—I have come to know
that things are not always as they seem,” he concluded; “I am
older now—my shoulder continues to itch.”

The new young crew on Pioneer soldiered on into the 1980s,
conducting the seventh forest inventory in 1982. Trammel
decided to save money by doing his own computer work rather
than sending the raw data to Michigan, so he bought a Radio
Shack Model 3, taught himself programming, and then waited
anxiously for 2 full days while the machine crunched the data.
Volume was up to more than 2,000 board feet per acre from
only about 1,200 in 1952. Even more heartening, growth per
acre per year had again started to rise after stagnating and
then falling during the late 1970s, a time of rather significant
losses from oak decline (Trammel and others 1998: 4). Prices
for timber also began to rise in the late 1970s after decades

of stagnation, leading to a more profitable enterprise. The
inventory seemed to suggest that the various commercial tree
species were maintaining their relative proportion of the forest
mix and that the various diameter classes were also maintaining
themselves or increasing (Iffrig and others 2004). But 30 years
of data were hardly enough to answer long-range questions of
oak reproduction, especially in view of the deluge of skepticism
about uneven-aged management in the silvicultural literature.

23



There had been an independent study of the Pioneer data

by David Larsen for a 1980 masters thesis in forestry at

the University of Missouri, but it did not directly assess the
management system on Pioneer. Larsen, who had grown up
in Salem near the Pioneer headquarters and participated in
the 1977 inventory, utilized CFI data and experimental plots on
Pioneer to test the applicability of a growth and yield model
developed for loblolly pine to upland oak-shortleaf pine stands
in Missouri. But, aside from anecdotally noting the inability of
pine to compete well with oak, the study did not address the
issue of even versus uneven-aged management. Another MU
master’s thesis in forest ecology by Tim Nigh and others (1984,
1985), which sampled sites on Pioneer as well as other forests
in the Ozarks and along the Missouri River, found widespread
invasion of sugar maple, especially in the loess hills along the
Missouri River but also in scattered areas across the Ozarks,
and a striking paucity of oak regeneration, a pattern largely
attributable to a reduction in site disturbance through fire,
grazing, and heavy logging. Surely such findings must have
been unsettling to the Pioneer staff.

PIONEER’S ROLE IN CONTROVERSIES OVER PUBLIC LAND
MANAGEMENT, 1985-1995

The prospects for uneven-aged management in the Ozarks
were addressed in a limited way during a planning process

for the Mark Twain National Forest under the leadership of
Forest Supervisor Leon Cambre, which began in 1980 and

led to an approved Land and Resource Management Plan in
1986. The process had been mandated by the National Forest
Management Act of 1976, which in turn had been precipitated
by a 1975 federal appeals court decision that clearcutting on
the Monongahela National Forest violated a requirement in

the 1897 Organic Act to harvest only “dead, matured, or large
growth” trees that had been individually marked, a practice the
U.S. Forest Service had religiously followed for more than half a
century before switching to clearcutting. The 1976 act repealed
the 1897 act and legalized clearcutting, but it also expanded
requirements for protection of environmental quality and for
broad public involvement in the planning process. Every forest
in the nation engaged in NFMA planning during the 1980s, and
in virtually all there was a contest of interests. Before coming to
the Mark Twain, Cambre had been in Washington, DC helping to
shape the 1976 act, so he was committed to making a success
of the planning process in Missouri.

In the 1970s and early 80s, Missouri had an unusually effective
coalition of environmental groups and individuals—the

Missouri Wilderness Coalition—that established a good working
relationship with Cambre and the staff of the Mark Twain during
its successful effort to secure congressional approval of seven
wilderness areas on the forest totaling more than 63,000 acres
between 1976 and 1984 (Karel 1978, Farmer 1999). During

the forest planning process, the coalition was especially intent
on securing more protective management for seven additional
areas totaling 39,000 acres that could also qualify as wilderness.
When the U.S. Forest Service issued its draft plan in 1985,
environmentalists were generally pleased with recognition of the
seven de facto wilderness areas as “sensitive” and with efforts
to protect other special areas and scenic rivers, though they
favored suspension of timber harvest in all such areas. They also
appreciated the plan’s emphasis on management for wildlife
values, but they challenged the emphasis on deer, rabbits, and
turkeys—all ubiquitous species that thrive under clearcutting—
rather than interior forest species such as bears, mountain

lions, certain hawks, and red-cockaded woodpeckers. And, they
indicated a general preference for uneven rather than even-aged
management (Sierra Club 1985).

If environmentalists were generally supportive of the proposed
plan, the forest industry and local Ozarkers were outraged,
believing that the plan would unduly restrict future timber
harvests and access roads. In one newspaper account (Auchly
1985), the reporter even managed to cast Pioneer Forest
Manager Clint Trammel with the industry opposition when
Trammel rated the plan at best a (- and questioned the closing
of some access roads. In fact, Trammel, unlike the industry,

was also opposed to the plan’s increased goals for timber
harvest—up to an average 105 million board feet per year, from
78 million in 1984—fearing that smaller diameter trees would
be taken before they were mature. And he must also have been
dismayed by the emphasis on even-aged management, though
he apparently did not publicly question it.

The final plan for the Mark Twain issued in 1986 increased

the acreage on which uneven-aged management would be
applied to 166,000 acres, or about 11 percent of the forest,
even though it arqued that “research does not support the
wide-spread use of the uneven-aged system in the Ozark area
when perpetuation of the oak forest is the objective.” The U.S.
Forest Service pledged, however, to evaluate the effectiveness
of the uneven-aged system during the next 10 to 15 years
and, if results were positive, to analyze its potential for greater
application (USDA-FS 1986).*

It was the first chink in the armor of the clearcutting juggernaut,
and it came in the only possible place on public lands in
Missouri, as the MDC at the same time was taking a turn toward
even more adamant insistence on even-aged management.
Relations between Leo Drey and his foresters, on the one hand,
and the forestry leadership of MDC, on the other, had grown
increasingly testy during the 1970s and early 1980s, in part
over differences in management philosophy exacerbated by a
decade-long, unsuccessful effort to effect a mutually beneficial
land exchange (PF). Then in 1985, a new governor, John
Ashcroft, appointed his campaign manager, Rolla lumberman
John Powell, to the conservation commission. Powell, whose

41n 2005 the USDA Forest Service would issue a revised forest plan and accompanying environmental impact statement for the Mark Twain grounded

in principles of ecosystem management (USDA-FS 2005). About 29 percent of the forest would be managed with an emphasis on restoration of natural
communities by prescribed fire and other techniques; about 67 percent would be identified as suitable for timber management. But with an emphasis on
adaptive management and flexibility of techniques, the balance of even- and uneven-aged management under the new plan would be somewhat unclear and
hence a matter of concern to the staff of Pioneer Forest and others (Trammel and others. 2005).
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own 18,000-acre tree farm was a model of conservative,
even-aged management, had long been a fierce opponent of
wilderness and an unabashed advocate of clearcutting, and he
would become the dominant force on the commission for the
next 12 years. The commission in turn promoted state forester
Jerry Presley to department director and Presley appointed

the longtime head of the Missouri Forest Products Association,
Gerald Ross, as state forester; both remained strongly committed
to even-aged management of state forests.

Following through on the Mark Twain’s commitment to move
forward with uneven-aged management, U.S. Forest Service
officials arranged for 39 employees including foresters, rangers,
wildlife biologists, and technicians to visit Pioneer Forest in
June 1987 to view and discuss its management system with
Trammel, Cunningham, and Leo Drey (fig.17). The group toured
eight sites on the forest, discussing everything from Pioneer’s
objectives and history to its strategies for marking, the history of
cutting in the various stands, methods for working with loggers,
the CFI system, and the prospects for reproduction of various
species (Melick 1987).
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Figure 17—Forest Manager Clint Trammel leading a tour on Pioneer
Forest. (Photo by Susan Flader)
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In addition, two silviculturists on the Mark Twain, Jay Law and
Ross Melick, worked more closely with Pioneer staff in the
course of special studies of how they might implement the
new approach. Pioneer was the only forest in Missouri with
substantial experience in uneven-aged management and,

as Law and Melick now increasingly appreciated, there was
precious little other research or experience to use as a guide.
What published research there was dealt almost entirely with
failures of the method elsewhere in the country, so they would
of necessity have to start with an examination of the Pioneer
system. The two had somewhat different assignments. Law,
who had experience with single-tree selection early in his career
in the Lake States and drafted the sections of the revised forest
plan dealing with uneven-aged management, put in some
measured plots on the Salem district and worked with Craig
Lorimer at the University of Wisconsin to develop brief “how-to”
guidelines for applying the method (Law and Lorimer 1989).
Though the guidelines drew on the Pioneer methodology,

they recommended group selection to create openings of up
to .35 acre if oak regeneration was desired. Melick, as part of
his quest for advanced silvicultural certification, was preparing
to recommend silvicultural prescriptions for the first 68 acres
selected for uneven-aged management on the Mark Twain,
three stands near the Mill Creek Recreation Area in the Rolla
District (interviews, Law and Melick).

Melick’s more discursive unpublished report (1989) began
with an unusual “apologia” in which he acknowledged that his
project design had been influenced by “political realities”—the
need to move expeditiously toward initiating and evaluating
uneven-aged management “as directed in the Forest Plan"—and
hence his report included more detail than usual about various
questions related to fire, insects and disease, regeneration,
herbicides, genetics, logging damage, and economics under
uneven-aged management, and it omitted formal evaluation
of a complete range of silvicultural alternatives. Melick
recommended “selection with groups” as the harvest method
for all three stands, evidently drawing on Law’s guidelines

and seeking a compromise between shelterwood, which was
already being utilized as an even-aged technique on the Mark
Twain, and single-tree selection as practiced on Pioneer.

Melick’s report acknowledged the greater difficulties of applying
uneven-aged management on a public forest with lack of prior
experience in the techniques, frequent staff turnover, and

more restrictive contracting requirements. Pioneer foresters,

by contrast, were able to work closely with loggers to prevent
damage to unmarked trees, and they could terminate contracts
immediately if excessive damage occurred. Nevertheless, Melick
concluded that uneven-aged management had substantial
applicability not only in visually sensitive areas or in riparian

or other fragile environments but also on upland sites with
some of the best potential for high-value timber products such
as white oak, which was often cut prematurely in even-aged
rotations. Although there were as yet no detailed economic
comparisons of the two regimes in management of central
hardwoods, and the staff on Pioneer was unable to provide a
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benefit/cost analysis, there were some data emerging from
southern pines (Guldin and Baker 1988) that suggested an
advantage for uneven-aged management in producing and
sustaining large good-quality sawtimber yields, especially from
cutover stands; and virtually all the oak-hickory forests in the
Missouri Ozarks had been cut over. The prospects for uneven-
aged management obviously did not appear as bleak to Melick
as they did to most other professional foresters in Missouri.

While Mark Twain foresters—now under a new supervisor, B.
Eric Morse—were taking initial steps toward implementation

of uneven-aged management in limited areas, they continued
with clearcuts on the bulk of their acreage. In early 1988, 1,100
people in southern Missouri signed a petition of protest against
the clearcuts, winning considerable media coverage. Several

of them formed a group called Mark Twain Forest Watchers,
which began studying federal law and the 1986 forest plan

to find leverage points for citizen action (Dorst 1988). They
also visited Pioneer Forest to study and photograph uneven-
aged management, after which they filed an official appeal
with the U.S. Forest Service contending that environmental
assessments for proposed timber sales had to be site specific
and assess the effects of uneven-aged as well as even-aged
management. To their amazement, not only did they win on
the Mark Twain, but Forest Service Chief F. Dale Robertson on
February 6, 1989, issued a directive to all regional foresters
nationwide to undertake site-specific analysis for all timber
sales in implementing forest plans (Dorst 1989). By 1991, the
Mark Twain reported a shift from 70 percent even-aged and less
than 1 percent uneven-aged sale acres in 1988 to 29 percent
even-aged and 32 percent uneven-aged sales (USDA-FS 1991).

The larger context of the Missouri struggle and the relatively
rapid shift toward uneven-aged management on the Mark
Twain included renewed public uproar over clearcutting on
national forests nationwide combined with the ready example
of successful single-tree selection technique on the neighboring
lands of Pioneer Forest. Missouri foresters including Clint
Trammel and environmentalists, including Hank Dorst of Forest
Watchers, traveled to a number of conferences in Arkansas,
where foresters and environmentalists had been debating
clearcutting for years. Trammel found himself so disgusted

by the attitude of Arkansas foresters at one meeting that he
walked out (interview).

In 1990, beleaguered U.S. Forest Service Chief Robertson
announced a shift nationwide to a new ecosystem-based
management approach called “New Perspectives.” When
Arkansas’s Ouachita was designated a “new perspective” forest
with a moratorium imposed on the use of clearcutting, MDC
Director Presley (1990) roiled the waters in Missouri with a
widely circulated letter of protest to Robertson, suggesting the
decision was largely based on “the emotionalism of ill-informed
preservationists” and asking that MDC be notified in ample
time to provide input if anything similar were contemplated for
the Mark Twain. Commission Chair John Powell (1990) backed
him up, railing against environmental fanatics who dared to
challenge “good sound professional resource management
expertise.”

In numerous meetings and debates in Missouri around that
time, Trammel was invited to present the prospects for
single-tree selection, leading to much greater visibility for
Pioneer Forest with environmentalists, in the media, and even
among professional foresters. But there is some evidence

that even Trammel, who was working on a master’s degree

in forestry at the University of Missouri at the time, was not
entirely convinced of the greater benefits of uneven-aged
management. In private correspondence with Drey (LD 9-18-
90), he acknowledged his “very real concern” about “the
increasing effort to eliminate even-aged management as an
option because of emotional rather than biological reasons.”
“Leo,” he explained, “even-aged management is the ‘best” way
to manage oak-hickory forest. The silvics of the species call

for open sunny areas for best growth of regeneration. . . . Your
decision to use uneven-aged management means you have
decided to accept the trade-offs necessary to make the system
work. Both Ed and Charlie must have discussed this with you
in the past. We get less regeneration. We get a slower rate of
growth. We get a reduced volume per acre. . . . | can easily show
on Pioneer that uneven-aged management works. It would be
far more difficult to show that it works ‘best.”

Drey, however, was not dissuaded: “Nothing we do will

ever eliminate the use of even-aged management by the
government. No fear of that, and that’s not our purpose, which
I'd say is rather to demonstrate that individual tree selection

is a viable option, so land managers can then make informed
decisions in accordance with their priorities.” Ed and Charlie
had already established the parameters of the operation before
he bought out National Distillers, Drey explained (LD 9-21-90).
“Realizing that they were operating in a complicated field with
many unknown interrelationships, | believe both felt that they
didn’t want to be as manipulative as the government is, with
their installation of food plots, their construction of watering
holes, and their clear-cutting. In fact, if I understood them,
they thought it best to go light on the land and to try to follow
nature’s lead rather than to clear cut and then regenerate after
such heavy manipulation.” And then the kicker: “I'm not sure
about Charlie, but I know Ed was fully convinced that his method
was not uneconomic, and he had it as one of his basic goals to
show that such was indeed the case.”

Leo Drey himself was frequently in the spotlight during the late
1980s and early 1990s, owing to his involvement in two other
hotly contested issues, the disposition of the most pristine of
Missouri’s big springs and a second major effort to secure an
act to protect the state’s remaining natural streams. A media
frenzy erupted over Greer Spring (fig. 18) and its surrounding
7,000-acre tract when Anheuser-Busch negotiated to purchase it
in 1987 with assistance from The Nature Conservancy, intending
to extract more than 2 million gallons of water a day to bottle
and sell. Drey, a longtime member of TNC's Missouri board, was
so incensed by this threatened “commercial exploitation and
degradation” that he eventually stepped forward with an offer
of $4.5 million to buy and hold the Greer Spring tract himself,
arranging a creative deal with Busch for each of them to donate
$500,000 through the Trust for Public Lands to reduce the price
for eventual U.S. Forest Service acquisition of the land as an
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Figure 18—Leo Drey at Greer Spring. (Courtesy of Leo Drey)

addition to the Eleven Point National Wild River (Bertelson
1988). Congress finally appropriated funds, and the tract was
conveyed to the Mark Twain in 1992, after an intense political
effort to prevent leaving a large part of it open to clearcutting.

There were numerous articles on Drey in state media at the
height of the Greer issue, including one that reached back to
the Shannon County tax battle of the 1950s to suggest that Drey
was still regarded as “public enemy number one” in Shannon
County for fighting against economic development. Drey
responded that he felt he was helping the economy through

all his local contracting for Pioneer, then admitted feeling a

bit hurt by the negative attitudes of some Ozarkers, saying
quietly to the reporter, “I respect them and admire them. . ..
They value their independence and their freedom. You have to
respect that” (Lemons 1988). The most appreciative account

of Drey’s management of Pioneer and his efforts for Greer and
other causes appeared in the magazine of the National Audubon
Society under the title, “Every State Should Have a Leo Drey”
(Jackson 1988).

When the Greer Spring issue heated up, Drey was already
involved—quietly behind the scenes—in strategizing and
financing an effort to win support in Missouri through yet
another initiative petition campaign for a system to protect

the state’s remaining natural streams: “The greatest unfinished
piece of conservation business in Missouri,” supporters called it
(Bradley 1996). The measure would have designated stretches
of 52 streams on which dams, bankside clearcutting, all-terrain
vehicles, and loud motors would be prohibited. At Drey’s
insistence, owing to his respect for Ozarkers’ desire to control
their own destiny, it also offered local governments and citizens
the opportunity to prepare management plans enforceable by a
review commission within the Department of Natural Resources.

But the MDC, having several times promised Drey to remain
neutral on the issue, came out publicly in strong opposition

to the initiative, citing potential interference with its own
management prerogatives; and, after a raucous campaign with
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charges and countercharges from angry partisans on both sides,
the Natural Streams Act went down to resounding defeat in
November 1990, an election in which environmental initiatives
nationwide were turned down by voters. So upset was Drey
with the ethics of the foresters running MDC that he refused

to participate in several forestry conferences, allowed his
membership in the Society of American Foresters to lapse, and
removed Pioneer Forest from the Tree Farm Program. He had
joined at a time when the Ozarks were ravaged by fire, open-
range grazing, grandmawing, and overcutting, he explained, but
he had always been managing for biodiversity and ecosystem
sustainability and was “no longer comfortable” with the
program’s heavy emphasis on timber production (LD).

Yet another environmental initiative in which Leo Drey and
Pioneer Forest became deeply involved also eventually blew
up. As scientists worldwide began developing an international
system of Man and the Biosphere reserves under the auspices
of UNESCO in the 1980s, scientists in the Midwest became more
aware of the globally significant biodiversity of the Ozarks. A
National Park Service biologist at the Ozark National Scenic
Riverways, David Foster, took the lead in developing a proposed
Ozark Highlands Man and the Biosphere (MAB) Reserve in
Missouri and Arkansas, centered in the Current and Jack’s Fork
River region in which Pioneer Forest was located and along

the Buffalo River in Arkansas. He enlisted various entities in

the two states including state and federal natural resource
agencies, the Nature Conservancy, and Pioneer Forest in a
cooperative planning effort to prepare a nomination. Drey and
his staff, including Greg Iffrig—a naturalist hired in January 1992
as a sixth employee to handle recreation, natural areas, and
various research and writing projects for Pioneer—were keen to
partner in the biosphere effort, as their lands would be the only
substantial privately managed forest included in an otherwise
largely public effort, and they would be able to demonstrate the
feasibility of protecting biodiversity while engaging in profitable
forestry on private land.

In January 1993, they submitted nomination papers (Iffrig 1993)
for the entire acreage of Pioneer Forest and, in addition, for eight
properties owned by the L-A-D Foundation in the biosphere area.
Seven of the L-A-D properties totaling 910.5 acres, most of them
already officially designated as Missouri Natural Areas, and six
additional reserves on Pioneer Forest totaling 1,963 acres were
proposed for management as strict nature reserves. Another
L-A-D property, Grand Gulf, was already a registered National
Natural Landmark; the 159-acre tract in Oregon County near the
Arkansas line, known as “Missouri’s Little Grand Canyon” and
promoted as a park since 1939, had been acquired by Drey in
1970 for preservation and leased to the state for one dollar a
year for inclusion in the state park system in 1984. The 350-acre
Laxton Hollow Reserve, an old growth remnant that Pioneer was
protecting for research and comparison with the surrounding
second-growth forest, was proposed in the resource reserve
category. And the remaining 154,279.5 acres of Pioneer were
proposed as a multiple-use management area that could help
promote local participation, regional planning, and integrated
rural development—efforts in which Leo Drey had been interested
ever since his earliest days as a forest owner.
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Unfortunately, by the time the complex interagency nomination
was completed and nearing approval, a backlash began in the
Ozarks among property rights activists who charged that the
biosphere project was a United Nations conspiracy to confiscate
Ozark land and herd Ozarkers into concentration camps in an
effort to implement an environmental world government. The
leadership of the opposition was well organized and linked to
similar “wise use” and property rights movements elsewhere
in the nation. It may have been emboldened by the stunning
election victory in November 1994 of the Republican ‘Contract
for America,” and it successfully appealed to Ozarkers’ traditional
distrust of government in mass meetings throughout the region
(Rikoon and Goedeke 2000). The result was that not only the
biosphere nomination but also other promising cooperative
planning, resource management, and ecosystem restoration
efforts among federal and state agencies and private groups

in Missouri were quietly killed by the agencies responsible for
them.

VINDICATION, 1990-2000

In spite of all the turmoil in the Ozarks, for Pioneer Forest

the decade of the 1990s was a period not only of increasing
profitability of forest operations but also of more widespread
professional recognition of the viability of its management
system. Prices for oak stumpage had begun to increase
substantially in the late 1970s. With an increasing export market
for oak, a strong domestic economy spurring demand for lumber
(Hoover 1985), and continuing investment in management

to enhance the quality of standing timber especially in larger
dimensions, Pioneer Forest was beginning to repay its owner’s
faith and commitment.

As the last decade of the century began, the jury was still out on
the viability of Pioneer’s system of uneven-aged management
for securing oak reproduction for the long term, as opposed to
the even-aged system practiced by most public and industrial
forests. But, enough student and professional interest had been
piqued by the clearcutting issue of the late 1980s to result
finally in some research. Owing in part to the need of the Mark
Twain for a more solid basis on which to apply the uneven-
aged approach being demanded by citizens and mandated by
U.S. Forest Service officials, the North Central Research Station
and the forestry program at the University of Missouri initiated

a project in the early 1990s to describe the methods used on
Pioneer Forest, analyze its continuous forest inventory data, and
assess the results on the ground. Three graduate students would
focus on different aspects of the study: Edward Loewenstein
came first (fig. 19), and began working immediately on age
and size structure; Zhiming Wang investigated predictability

of diameter distributions; and Monty Metzger focused on oak
regeneration.

Clint Trammel recalled a visit to Pioneer, probably in the fall

of 1991, by Loewenstein and several professors in which he
asked Loewenstein what he would write if he found evidence
that the Pioneer system worked and whether he expected his
professors to sign the dissertation. Such was the level of trust
at the time (though Trammel might have worn a grin, as he
was himself finishing up a master’s thesis with one of the same
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Figure 19—Edward Loewenstein at work on Pioneer Forest. (Courtesy of
Edward Loewenstein)

professors). As Loewenstein recalled, Trammel was looking

for an advocate, whereas he and the other researchers were
committed to scientific inquiry and would report the results just
as they found them. Loewenstein has also admitted, however,
that he originally thought he would work 6 months, prove the
system did not work, and then move on to something more
interesting. Instead, he would devote more than a decade to
studies of Pioneer.

In 1993, when the research had scarcely begun, silviculturist
Paul Johnson, who was coordinating the study for the research
station in Columbia, published an assessment of oak ecology
and silviculture as a contribution to resolving the conflict

over management of oak forests (Johnson 1993). In it he
acknowledged, for perhaps the first time in a U.S. Forest Service
research publication, that single-tree selection, though generally
“considered inappropriate for managing oak forests,” has
“nonetheless been used successfully for 50 years on a large
industrial forest in the Missouri Ozarks.” Though he did not name
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the forest, he cited personal communication with Clint Trammel;
and he went on to describe the method, to suggest there was
evidence it could be sustainable, and to call for further study.

As the three students began their fieldwork on Pioneer, yet
another graduate student, Michael Jenkins, completed a
master’s thesis in 1992 that utilized sites on Pioneer as well

as on the University Forest and the Mark Twain to study the
vexing problem of widespread oak decline. Oak decline was a
consequence of the rapid exploitation of the pine and pine-oak
forests of the Ozarks around the turn of the century, which had
been followed by the establishment of fairly homogeneous
even-aged stands of scarlet and black oak on sites formerly
dominated by pine. These aging and dense, unthinned stands,
stressed by drought, were now dying synchronously over large
areas; more than 35 million board feet of dead or dying timber
had been harvested in salvage sales on the Mark Twain alone
between 1980 and 1986. Although Pioneer, too, had suffered
some losses, its losses were not as severe or continuing as on
the Mark Twain and the University Forest, and its regeneration
was more favorable. At the Central Hardwood Conference in
1993, Jenkins and his professor, Stephen Pallardy, suggested that
the uneven-aged management practiced on Pioneer not only
harvested substantial numbers of oaks before they died but also
reduced stress on the remaining trees and opened the canopy to
allow regeneration (Jenkins and Pallardy 1993).

While the Missouri graduate students were engaged in their
research, U.S. Forest Service Chief F. Dale Robertson in June

1992 officially announced a new policy direction, ecosystem
management, to quide the national forest system in its second
century. Appropriately ambiguous and crafted to address political
exigencies in the continuing controversy over clearcutting
(Freeman 2002), the new policy emphasized an ecological
approach and a broader range of values than the older policy of
sustained yield management with its emphasis on timber.

Whether to explore the implications of ecosystem management
or in continuation of its effort to develop a viable approach

to uneven-aged management as mandated by the 1985

forest plan, the Mark Twain in summer 1994 asked a team

of silviculturists, wildlife biologists, and an ecologist, among
them Paul Johnson and David Larsen, to spend a week visiting
various sites where Mark Twain staff had initiated uneven-aged
and other types of vegetation management and comment

on their practices. One of the scheduled stops was at Pioneer,
but a thunderstorm intervened, and the team left after only

a few minutes. Although their report (Johnson and others
1994) recommended a full spectrum of silvicultural systems
including uneven-aged, it questioned the applicability of the
Pioneer system of single-tree selection, noting there was

“no written prescription or procedure for this method” and

it was “scientifically unproven and entails risks that may be
unacceptable”—a finding that produced substantial tension
between Trammel and team members. In his comments on the
report, Trammel (1994) asked rhetorically, “How can a group
of such influential people in research and academia, fields

of supposedly open-mindedness, make favorable comments
about uneven-aged management and, in the same breath,
discredit the longest applied study in Missouri and probably
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in the eastern United States.” Instead of single-tree selection,
the review team recommended “group selection with thinning
between groups,” a method they said could draw on “quidelines
based on years of research on regenerating oak in clearcuts.”

The review team, which included ecologist Douglas Ladd of the
Missouri Nature Conservancy, also endorsed and encouraged
the use of fire on the Mark Twain to control competing
vegetation, prepare sites, and restore natural processes to

the landscape. Most scientists and land managers had come
relatively late to an appreciation of the role of fire in Missouri
ecosystems, probably because of the long and intense effort

to stamp out woodsburning by Ozarkers, but, by the 1990s,

the use of prescribed burning was accepted practice in the
Nature Conservancy, in Missouri state parks, and in the natural
history and wildlife divisions of the conservation department to
restore prairies, glades, savannas, and other ecosystems. Most
forest managers, however, whether on the Mark Twain, in the
conservation department, or on the staff of Pioneer Forest, still
resisted the use of fire in working forests, believing they could
accomplish the same results more efficiently through timber
harvest. When Pioneer’s Greg Iffrig asked Ladd to comment on
the silvicultural issues regarding uneven-aged management and
single-tree selection, Ladd (1994) said he was unqualified, but
he volunteered the observation that the woodlands on Pioneer
“appeared relatively low in vegetational diversity per unit area,”
saying: “I think it will be difficult for Pioneer to exemplify a high
quality, upland timbered landscape without including fire as an
ecological tool.” The skepticism that summer was coming from
both ends of the professional conservation spectrum. It was a
low point for the Pioneer staff.

The sole support for the Pioneer model that summer came

from Carolyn Pufalt of the Sierra Club, who expressed her
disappointment in the review team’s dismissal of the Pioneer
system to Mark Twain supervisor Randy Moore, adding: “It is
somewhat ironic that the research team judges consideration

of single- tree selection to entail unacceptable ‘risks.” Oh that
such voices of caution could have been raised within the agency
years ago against clearcutting” (PF).

The first substantial scientific analysis of the Pioneer system
was completed by Ed Loewenstein in May 1996 when his
dissertation, with its analysis of Pioneer’s CFI data and
measurements from a random field sample of 600 oaks, was
officially accepted. Testing CFI plots aggregated in three groups
by time since harvest to determine the minimum spatial scale
at which the forest could be said to exhibit a balanced uneven-
aged distribution, he found the minimum to be a remarkably
small 0.6 acres; that is, any randomly selected 0.6-acre plot
would likely exhibit the distribution of the forest as a whole.

A year earlier, he and three of his advisors had presented
preliminary results of his study at the Central Hardwood
Conference (Loewenstein and others 1995). It was the first
report of an extensive examination of single-tree selection in
an oak-hickory forest west of the Mississippi River and the most
sophisticated independent analysis of Pioneer Forest data up to
that time, and it demonstrated that the forest was not shifting
toward shade-tolerant species, that the density of the most
valuable species, white oak, had increased three-fold since 1954
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while basal area more than doubled, and that the other species
held their relative proportions (fig. 20). Hence the conclusion:
“The single-tree selection system can be used to sustain an
uneven-aged oak forest.”

When Ross Melick of the Mark Twain invited Loewenstein and
Johnson on another tour of management sites in June 1996,
the three collectively found themselves backing away from

the earlier emphasis on group selection under the formally
structured approach developed by Law and Lorimer in 1989 and
edging toward the more flexible single-tree selection system
applied on Pioneer, recognizing, as Melick (1996) put it, that
uneven-aged management “requires a different mindset than
even-aged.” But they also recognized that Pioneer and the Mark
Twain had very different forest conditions when they began
uneven-aged management. Mark Twain lands had in general
been cut over somewhat earlier than Pioneer, which was in
more remote and rougher terrain, and the oak that sprouted on
former pine lands in the Mark Twain had been protected from
cutting and fire since the early 1930s. By the 1990s, many of
the stands were mature with tightly closed canopies, many
were suffering from oak decline, and there was relatively little
oak reproduction in the understory. It would not be easy to
convert such fully stocked stands to uneven-aged management.

Much of Pioneer Forest, by contrast, had been quite heavily
harvested in the 1940s and 1950s by Pioneer Cooperage and
National Distillers so that Drey’s management system began
with a relatively open, understocked forest. Moreover, Pioneer
foresters had religiously been doing improvement cuttings
during which they consciously removed a higher proportion

of scarlet, black and other red oak species—especially weak

or deformed trees—in order to favor reproduction of the more
valuable white oak. They were thus using regular cutting to
mimic the function of natural fire and had maintained the forest
in diverse, uneven-aged stands at the lower end of the stocking
range.® Hence, the hesitance of some professional foresters to
recommend direct application of Pioneer’s methods to the Mark
Twain. Nevertheless, Melick accepted with gratitude 15 bound
copies of Loewenstein’s dissertation for distribution to Mark
Twain staff.

In April 1997, at Melick’s invitation, Loewenstein organized an
uneven-aged management training session for some 20 U.S.
Forest Service staff and a few MDC foresters at which discussion
again turned to the applicability of the Pioneer system to the
Mark Twain. MDC was initiating uneven-aged management
with a group-selection system on three of nine 1000-acre study
sites devoted to a cooperative Missouri Ozark Forest Ecosystem
Project; the other sites would be managed by even-aged and
no-harvest treatments. With the applicability of single-tree
selection to similar relatively dry ecosystems of the Ozarks

now less in doubt, discussion at the training session turned to
more managerial and functional questions of how to take a
system developed on private land and apply it to public land.
When Johnson, Larsen and other instructors, for example, said

Figure 20—Pioneer Forest, 1996. (Photo by Susan Flader)
the place to start was an inventory of stands to be managed,
national forest trainees said they didn’t have the staff or budget
to do it (interviews: Johnson, Larsen, Loewenstein, Melick).

This led the group to compare staffing levels on Pioneer and
the Mark Twain. Pioneer had long operated with five foresters
and technicians plus ecologist Iffrig to manage 154,000 acres,
while the Mark Twain in the mid-90s had a staff of some 280 on
1.5 million acres. The Mark Twain thus had four to five times as
many staff hours per acre as Pioneer, though, to be sure, many
were wildlife, fisheries, recreation, or planning specialists rather
than foresters, and a good many were clerical or maintenance
personnel; the Mark Twain also had far more physical
infrastructure and a much higher level of public use. The
disparity in staffing led in turn to top-of-the-head calculations
of how much time people with forestry training actually spent
in the field per acre of forest on the Mark Twain as compared
with Pioneer; here virtually everyone was astounded to realize
that Pioneer staff likely spent as much as four times more time
per acre on the ground as Mark Twain foresters, who were
often chained to their desks doing environmental assessments
and legal compliance. It was a graphic illustration of the costs
of public service, accountability, and bureaucracy on national
forests as compared with private land (interviews).

There were other consequences of U.S. Forest Service
bureaucracy, especially in the new era of ecosystem
management. On Pioneer, unlike the Mark Twain, there was
very little staff turnover, and all its people spent years of
apprenticeship; they were intimately familiar with the forest
and the marking system and spent at least a day per month in
the field together to cross-check their judgments and calibrate
their work, advantages that could hardly be expected on a
national forest. When the instructors suggested that perhaps
uneven-aged management could be implemented by a single
silvicultural team that would handle marking and supervision

5These practices closely parallel management of uneven-aged stands elsewhere in the Nation, such as the well-documented research in southern pines at

Crossett (Baker et al. 1996).
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of timber sales for the entire Mark Twain, trainees pointed out
that no district ranger would let someone from outside the
district come in to do the management. And besides, money
was allocated in separate pots by Congress for inventory,
marking, timber stand improvement, sale administration and
regeneration as well as other functions such as wildlife and
fish, soil and water, recreation, roads, and fire protection,

and the funds were not interchangeable, making integrated
management such as that practiced on Pioneer virtually
impossible. It was a bureaucratic system inherited from the
postwar era when the emphasis shifted to maximum timber
production by the most efficient possible means—even-aged
management—and all could agree it was poorly suited to the
new emphasis on ecosystem values (interviews). The U.S. Forest
Service, and, even in time, the MDC, would develop their own
more standardized versions of uneven-aged management, but
many observers—especially environmentalists—would argue
that they were not the same as on Pioneer.

In the second half of the 1990s, several additional publications
based on the Pioneer research appeared, each confirming and
supplementing the others (Wang 1997, Larsen and others
1997, Larsen and others 1999, Lootens and others 1999,
Loewenstein and others 2000). These studies, several published
in the Canadian Journal of Forest Research, were a major
confirmation through the methods and language of science of
the management approach being applied on Pioneer. Perhaps
most significant was the 1999 U.S. Forest Service report by
Larsen, Loewenstein, and Johnson that summarized the findings
and made silvicultural recommendations for others wishing to
pursue uneven-aged management in the Ozarks, based almost
entirely on what was learned on Pioneer.

Meanwhile, in an effort to learn more about other components
of the ecosystem, perhaps in part to get at the concerns raised
by TNC forest conservationist Doug Ladd and others about

the difficulty of enhancing ecosystem quality and biodiversity
without the use of fire, Pioneer’s Greg Iffrig made deliberate
efforts to recruit other nonforestry research projects from
colleges and universities in the region and beyond. The first was
a 1995 M.S. thesis in biology by E.M. Annand at the University of
Missouri-Columbia measuring the relative abundance of migrant
songbirds in response to different managed forest treatments
(Annand and Thompson 1997). L.A. Herbeck (Herbeck and
Larsen 1998, 1999), also at the university in Columbia, found
that plethodontid salamanders maintained relatively higher
densities on Pioneer than in forests elsewhere under even-aged
management. Several years later, N.M. San Diego of St. Louis
University completed an M.S. thesis (2001) on the diversity of
leaf-litter arthropod communities under different management
treatments that demonstrated the benefits of Pioneer’s uneven-
aged management in generating a spatial gradient throughout
the landscape that maximized diversity. Several other St. Louis
University students began related studies conceived as part of

a long-term ecological research project, one of which (LaVigne
2002) calculated the average turnover rate for Pioneer’s canopy
to range from 189 to 228 years. Pioneer Forest developed

a long-term relationship with the Cave Research Foundation
concerning critical habitat for endangered species. And other
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studies of black bears and the potential for red-cockaded
woodpeckers were also in the works.

Perhaps most significant was new research about the historical
role of fire in the Current River watershed where the bulk

of Pioneer Forest lands are located. University of Missouri
geography graduate student Michael Batek completed a

thesis on presettlement vegetation of the watershed in 1994,
grounded in detailed analysis of Public Land Survey notes from
the early 19th century. Batek and others (1999) then extended
the analysis by combining with dendrochronology-based fire
histories to reconstruct disturbance regimes and utilizing GIS to
relate to geological parent material, topography, and mean fire
intervals. The results revealed a distinct fire ‘shadow’ northeast
of the Current River above its junction with the Jack’s Fork,
where Pioneer’s big block is located. Dendrochronologist Richard
Guyette, who had participated in the Batek study, then extended
the analysis in a series of papers (2000, 2002, 2003) that
developed implications of the concept of topographic roughness.
As he writes (this volume), “Here lies Pioneer Forest ‘in the
heart of roughness,” a landscape that has resisted the pressures
of human population and disturbance for millennia.” He goes

on to suggest that Pioneer’s management system effectively
mimics historic disturbance regimes, as supported by studies

of forest interior wildlife species, especially those sensitive to
disturbance.

At a symposium to commemorate the 50th anniversary of
Pioneer Forest in 2001, Loewenstein observed (SF notes) that he
had spent the last decade trying to figure out just what it is that
the foresters on Pioneer do, but they themselves are not able to
tell you; they can only show you on the ground. The book has
not yet been written, he said—though a book on The Ecology
and Silviculture of Oaks that drew in part on the Pioneer data
was even then nearing publication (Johnson and others 2002).
The system works on Pioneer, Loewenstein explained, because
of its dedicated staff and its extremely low turnover. So instead
of trying to describe what the Pioneer foresters were doing, he
had designed his research to see if they were accomplishing
what they said they were trying to accomplish. And they are,

he concluded: “Every argument that has been leveled against
Pioneer Forest seems to be invalid from the data we have
collected.” As he put it, the Pioneer foresters were practicing as
much art as science. “They are magicians,” he said, but there
was no gainsaying their success.

PIONEER AND THE MANAGEMENT OF PRIVATE
FOREST LANDS, 1997-2004

Just as the uneven-aged management practiced on Pioneer
began to gain professional credibility and even to be applied,

to some extent, on public forests in Missouri, a new threat

to private forests of grave concern to Leo Drey and his staff
appeared on the horizon: the entry of two high-capacity chip
mills to the Missouri Ozarks with the likelihood of more to
come. There were already 140 such mills operating elsewhere
in the southeastern states, each capable of gobbling 10 times as
much wood as an ordinary sawmill. Though the MDC and many
professional foresters tended to view chip mills as opening a
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significant new market opportunity, especially for low-grade or
‘cull” material that needed to be cleared out in order to establish
a vigorous new forest, Drey and his foresters were concerned
that the very scale of demand could result in a wave of
destructive clearcutting, watershed erosion, and land conversion
not seen in Missouri since the logging era a century earlier. In
Drey’s view, the market problem was no longer as severe as in
years past, and the voracious new chip mills might ‘steal’ the
timber that smaller local mills needed to operate. With the new
industrial-style logging equipment used to supply chip mills,
there would be increased pressure on individual landowners
and speculators to allow complete clearing of their land (Vaughn
1997, Drey 1997, Gray and Guldin 2001).

The threat loomed especially large to Clint Trammel, who had
begun cooperating with the Dogwood Alliance, a coalition of
60 grassroots organizations across the South that was working
to document the problems caused by chip mills and to protect
forests from the devastation of clearcutting. He wrote a number
of articles for the organization’s newsletter on his experiences
with Pioneer, most of which were subsequently incorporated

in a report, Forest Management for the 21st Century (Smith
1999), fully a quarter of which was devoted to the alternative
represented by Pioneer Forest.

As they began seeing large-scale clearcuts of material
apparently headed for the new mills, Drey and his staff

invited property owners, foresters, loggers, politicians and
environmentalists on a field trip in May 1998 to view the
devastation, compare with management on Pioneer, and debate
the issue on the ground (Uhlenbrock 1998). A fact sheet the
Pioneer staff produced for the tour contrasted the low value, low
employment (10 mill workers) and devastated land resulting
from a year’s operation of one of the chip mills with the higher
value product, higher employment (35-40 sawmill workers)

and healthy forest on an equal number of acres in a year

of Pioneer’s operations. A few days later, the St. Louis Post-
Dispatch (1998) editorialized on Missouri’s need for sustainable
forestry on private lands, spotlighting the Spencer family of
loggers, three generations of whom had cut timber on Pioneer
Forest—responsibly—since the 1950s.

Though many professional foresters, especially in the
conservation department, continued to support the chip mills for
their market potential, Drey joined other concerned landowners,
higher value producers, and environmentalists in appealing to
Governor Mel Carnahan for a moratorium on new chip mills until
the state had a proper program in place to lessen their impact.
The governor responded in September with an executive order
establishing an Advisory Committee on Chip Mills, ordering state
agencies to refrain from providing any further incentives to mills
until the committee reported, and directing a more restrictive
permitting process.

Deliberating for nearly 2 years in a remarkably open process
with public participation, the governor's committee began by
considering chip mills but moved inevitably to the problem of
forest management—or rather, the lack of it—on private lands,
which constituted 85 percent of Missouri’s 14 million acres of
forest land. The committee heard presentations and received

statements from a spectrum of individuals, many of whom had
previously prepared materials for a conference on sustainability
of the state’s private forests convened at the University of
Missouri-Columbia by the Environmental Studies Program and
various co-sponsors in March 1999 (Flader 2004). Included was
a paper by the Pioneer Forest staff (Iffrig and others 2004)
explaining their approach and methods and, for the first time,
making a case for the economic advantages of uneven-aged
management over even-aged.

Unlike the debate over the Mark Twain Forest Plan in the
mid-1980s, when Pioneer may have been in certain people’s
minds but was not discussed publicly as an example, during the
deliberations of the governor’s committee there was scarcely

a session when the Pioneer experience was not invoked by
someone. In June, the advisory committee and its entourage
traversed the southeastern Ozarks, visiting a chip mill, lands
clearcut for the mill, and other harvest sites, and ending at
Pioneer, which a reporter described as looking “more like a state
park” (Leonard 1999). The Pioneer staff submitted a six-page
letter of commentary on the committee’s draft report, making
the case yet again for more attention to single-tree selection

in Missouri and arguing that even-aged management carried
more uncertainties than uneven-aged for the long-range future
of Ozark forests, especially in view of the frequent turnover of
ownership on most private lands and the chip mill-induced spur
to clearcutting and land conversion (Trammel and others 1999).
But, though all members of the governor’s committee agreed
about the evident need for better management of private

lands and though Missouri was one of the few states without
any forest practices requlatory programs whatever, when it
came down to voting, a majority was unwilling to approve

any recommendations that encroached in the least on private
property rights (Lewis 2004).

As it became obvious that little of substance would come from
the governor’s committee—and as independent research on
Pioneer vindicated the viability of uneven-aged management—
the Pioneer staff, with the full encouragement and support of
Leo Drey, formed a new entity, Pioneer Consulting Group, to
promote the benefits of their system of single-tree selection
and help other private landowners with management planning,
timber marking, and sale services. Some 97 percent of the
timber sold from private land in Missouri was harvested without
a forest management plan or advice from a forester, making it
vulnerable to exploitative logging. Trammel and Cunningham
had offered their services as consulting foresters on their own
time for years, but the new consulting group had an important
educational mission and promoted the staff’s services as a
viable economic alternative to clearcutting for the chip market.
In December 1999, they began test mailings to all private
landowners in Reynolds County with 400 acres or more, then
expanded to include owners with more than 200 acres in the
procurement area of the currently operating chip mills. They
produced a flier and a primer on uneven-aged management,
offered landowners an initial visit and consultation at no cost
or obligation, and invited them to field days on Pioneer Forest,
the first of which was at Ellington in June 2000 (PF, PCG 2000).
In an effort to keep in touch with landowners who expressed
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interest in management assistance, they also developed a
Pioneer website and began issuing a periodic newsletter, The
Acorn, with news from the consulting group and the forest. By
early 2001, a Google search for “single-tree selection forest
management” on the worldwide web brought up the Pioneer
Forest site first.

In summer 2000, in the wake of the disappointing results of
the governor’s advisory committee and a lack of legislative
enthusiasm for any action on forest practices, Clint Trammel,
Terry Cunningham, and several landowners, forest products
manufacturers, and environmentalists in the Ozarks met to lay
the groundwork for a new organization, Value Missouri, that
would work to improve forest management on private lands and
develop new markets for higher quality timber and value-added
manufacturing. The idea was to develop public support and

an infrastructure in Missouri for ecologically responsible forest
management and certification of timber products along the
lines of an international movement that had been developing
since 1993 under the leadership of the Forest Stewardship
Council (FSC). Clint Trammel had already been deeply involved in
establishing a parallel effort for responsible forestry, the Forest
Stewards Guild, founded in 1997 by forest managers across
the nation who were dedicated to an approach similar to that
on Pioneer; and he participated on a committee that refined
FSC certification standards for forests in the United States.
These and related efforts had already resulted in independent
third-party certification of some 6 million acres of public and
private forest in the United States and some 38 million acres
worldwide (Kerasote 2001). The idea was not only to maintain
the ecological integrity of the forest environment but also to
assure responsible handling throughout the entire chain of
custody from harvest through production to the point of retail
sale, in the hope of commanding a better price at market
from consumers willing to pay. Supporters saw Value Missouri
as a way both to encourage environmental stewardship and

to improve markets for higher value-added forest products in
Missouri.

As they geared up to promote more responsible management
of private forest lands in the Ozarks in the late 1990s, Leo
Drey and the Pioneer staff also redoubled their efforts to
provide education and recreation for the general public on
Pioneer Forest itself. Shortly after Greg Iffrig was hired as staff
naturalist in 1992, he had begun efforts to develop a self-
guiding interpretive drive in the forest off heavily traveled
Highway 19 south of Round Spring. The Missouri Department
of Transportation offered to sell Drey the bulk of the adjoining
strip of virgin pine that had been sold to them unharvested by
Pioneer Cooperage in the 1940s as a sample of Ozark pinelands
before the great cutover. It was reportedly (Eddleman and
Clawson 1987) in these remnant virgin pines that the last red-
cockaded woodpeckers in Missouri were sighted back in 1946.
The way was cleared for purchase of the excess right-of-way
from the state by the L-A-D Foundation in 1996, and by 1998
Iffrig had developed a marked walk through the pines and a
drive through several miles of managed forest, complete with
marker posts and an interpretive leaflet (fig. 21).
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Figure 21—Interpretive drive on Pioneer Forest near highway 19 south of
Round Spring, 1998. (Photo by Susan Flader)

Another effort in which Drey had been interested for more
than three decades also came to fruition around the turn of
the century—the establishment of a 60,000-acre backcountry
recreational area on managed forest in the huge, nearly roadless
block of Shannon County land he had acquired from National
Distillers in 1954. After the Ozark National Scenic Riverways
declined to accept responsibility for provision of public recreation
on the tract in the 1970s, Drey and the Pioneer staff had gone
ahead with plans for the Ozark Trail, which had been built and
maintained across 13 miles of the forest largely with volunteer
labor from the Sierra Club and other organizations. Drey had
always allowed public access for hunting, fishing, picnicking
and hiking, and he had leased a small tract within the area

to his alma mater, the John Burroughs School in St. Louis, for
construction of bunkhouses and a lodge at which they could
conduct an environmental camp for their students and, he
hoped, for the use of local school groups and others. But he
was also willing to provide for somewhat greater recreational
utilization of the area, if only he could gain cooperative
assistance from some public agency without relinquishing
ultimate authority. State park director Fred Lafser back in

1978 had proposed a recreational easement and a visitor
center, perhaps with an interpretive museum and outdoor
education programming, but Drey had concerns about overuse,
regimentation, and “who will be in charge.”

In 1990, Drey had broached the matter again with the director
of the Missouri DNR, in view of the positive relationship he
had developed with the agency for management of Grand Gulf
and Dillard Mill as state parks. The agency responded with a
proposal to restore “an original Ozark wilderness ecosystem”
similar to what Henry Schoolcraft would have seen when
traversing the Ozarks nearly two centuries earlier. They would
restore the landscape to pre-settlement conditions through
prescribed burning to create savanna and woodland meadows,
and reintroduce elk, bear, and mountain lions, an effort that
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would probably require fee title to all or a substantial part of
the restoration area approximating 50,000 acres (DNR 1990).
Drey and his advisors regarded the plan as grandiose and out
of keeping with Pioneer’s objectives as a working forest, and
discussion again stopped.

When Drey’s protégé and environmentalist alter ego Roger
Pryor suddenly passed away in spring 1998, Drey and his staff
resolved to move ahead with designation of 61,000 acres in
the Shannon County block as a backcountry recreational area
in honor of Pryor, whether or not a cooperative management
arrangement could be struck with a public agency. Drey
announced the Roger Pryor Pioneer Backcountry at a Missouri
Coalition for the Environment dinner in Pryor’'s memory in

fall 1999. Two areas within the backcountry would also honor
Pioneer foresters Ed Woods and Charlie Kirk for their dedication
to and vision for the forest. Two years later, in conjunction
with the forest’s 50th anniversary, Drey and the Pioneer staff
dedicated the backcountry in honor of Pryor, Woods, and Kirk,
and DNR Director Stephen Mahfood announced his agency’s
intention to conclude a cooperative recreation agreement
between the forest and the Division of State Parks (fig. 22).

The agreement, which took the form of a lease of trails and
by-ways for hiking and overnight primitive camping with
maintenance and enforcement by DNR, would be signed in
March 2002, and by 2004 the park division would have staff on
the ground in the backcountry.

A few days after the Pryor Pioneer Backcountry dedication, the
Pioneer staff hosted a symposium at the Missouri Botanical
Garden in St. Louis to commemorate the 50th anniversary of
Drey’s management of the forest (fig. 23). The St.Louis Post-
Dispatch ran a touching editorial cartoon of an oak with a limb
embracing Drey, and many papers ran special accounts of the
occasion and of Drey’s contributions over the years (Sherffius
2001, Allen 2001, Todd 2001).

Figure 22—Dedication of the Roger Pryor Pioneer Backcountry, October
14, 2001. Left to right: Forest Manager Clint Trammel, Randy Skeeter
(grandson of Ed Woods), Linda Pryor (widow of Roger), Leo Drey, L-A-D
Foundation President John Karel, DNR Director Stephen Mahfood. (Photo
by Susan Flader)
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Figure 23—Sherffius cartoon from St. Louis Post-Dispatch, October 19,
2001. (Courtesy of Leo Drey)

Not content to rest on laurels, Leo Drey decided in spring 2002
to fund the certification of forestry operations on the entire
acreage of Pioneer Forest through the SmartWood Program of
the Rainforest Alliance, according to procedures and criteria

for ecological and social sustainability approved by the Forest
Stewardship Council (Brown and others 2001). An independent
team of four specialists in forestry, ecology, and sociology from
Arkansas, Tennessee, and Mississippi spent a week visiting field
sites on Pioneer in June 2002, conducting public meetings and
interviewing Pioneer staff, loggers, millers, and neighbors about
the environmental, silvicultural and socioeconomic aspects of
Pioneer’s operations. Obviously impressed by the quality of
forest management on Pioneer and the compelling historical
record of its success, the team focused on helping Pioneer staff
put in place a more detailed system of documentation to assure
that knowledge of the system could be passed successfully to
new staff who would one day take over on Pioneer (Trammel
and others 2003).

SmartWood announced Pioneer as the first forest in Missouri to
be granted FSC certification in February 2003, and a documented
chain of custody through certified loggers and sawmills to

Smith Flooring in Mountain View would soon be in place to
make wood from Pioneer available to consumers as the first
Missouri-produced and certified forest products (Acorn, 2003).
With Pioneer’s large volume undergirding the economic viability
of the process, the way was now paved for Pioneer Consulting
and Value Missouri to encourage other landowners, foresters,
loggers, sawmills, and producers to join the system (fig. 24).

Even as the certification was underway, a graduate student in
forest economics at Duke University, Makoto Hamatani, spent
several weeks at Pioneer’s Salem headquarters analyzing
inventory and sale records to assess the profitability of the
operation over the years. Though the stagnant or decreasing
prices for Ozark timber for the first two decades of Drey’s
ownership had been masked by increases in standing volume
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Figure 24—Certified oak flooring, harvested from Pioneer Forest, coming
off the line at Smith Flooring in Mountain View, Missouri, bound for the

new LEED-certified headquarters of the Missouri Department of Natural

Resources in Jefferson City, 2004. (Photo by Susan Flader)

per acre and the continuing purchase of land, beginning with
the 1972 inventory the acreage of Pioneer Forest was roughly
constant and the price of timber began to rise, increasing
substantially in the 1990s. Hamatani found that the standing
volume in the three decades since 1972 had increased about
2.5 times whereas the sale price of timber had risen more
than four-fold, especially in the 1990s, for an asset value
approximately 9 times as high in 2001 as it had been in 1972.
In the last 6 years, moreover, income had been exceeding
expenses by an average of more than 50 percent (Hamatani
and Goslee 2008). Clearly the single-tree selection method
was profitable for Leo Drey and presumably could be also for
other Ozark landowners who had sufficient acreage or joined
cooperatives of the sort encouraged by Pioneer Consulting and
Value Missouri.

In Fall 2002, the Pioneer staff began field work for their 11th
forest inventory, which would give them a 50-year record of
growth and change on Pioneer’s permanent 1/5-acre plots, now
numbering 486. For the first time, they entered data directly
into laptop computers in the field, saving substantial time, and
their PC now crunched the data in 7 seconds rather than 2 days.
Some of the more than 15,000 trees in the inventory plots

had been individually measured every 5 years since the first
inventory in 1952, whereas others had been cut, and new trees
had grown into the 5-inch diameter sample range. Beginning
with the 1997 inventory, however, at the suggestion of Ed
Loewenstein and other researchers on Pioneer, the inventory
now included all other trees and shrubs between 1.6 and 5
inches in diameter (an additional 20 to 25,000 trees), in order to
better track reproduction success (Acorn 2003). Standing volume
had nearly tripled in the half century of Drey’s stewardship
whereas species composition had remained relatively stable,
except for an increase in the more valuable white oak and pine

(fig. 25).

Missouri’s Pioneer: A Half Century of Sustainable Forestry

The 50-year record of continuous inventory on Pioneer coupled
with the financial results of forest operations and the university
studies of forest structure and reproduction success amply
confirmed Leo Drey’s vision when he began acquiring land in
the Ozarks a half century earlier. It was possible to manage
Ozark timberlands in a conservative, sustainable fashion for a
full array of ecological, social, and cultural values and make a
profit besides. Drey and his staff had persevered in a remarkably
consistent system of management and documentation for over
half a century, during which the standard practices taught in
forest schools, applied on public lands, and documented in
thousands of research papers had turned 180 degrees from
uneven to even-aged management. Through their openness

to independent research and their willingness to share their
experience and results—even with those who openly doubted
their methods and, on occasion, even their professional
competence—Drey and his staff had demonstrated the viability
of a management system that could yield an array of ecological,
social, and esthetic values increasingly appreciated by many.
Pioneer Forest had played a significant role in the adoption of
new management approaches on national and even, to some
extent, state forests in the region. The greatest challenge for
the future would continue to be that on which Leo Drey had
embarked a half century earlier, to encourage other owners of
private lands in the Ozarks to follow Pioneer’s lead (fig. 26).

It was time to look to the future. On July 6, 2004, after nearly

a year of legal effort to sort out land titles, descriptions, and
myriad other details, Leo Drey and his wife Kay signed over
nearly the entire forest, valued at some $180 million, to the
L-A-D Foundation (L-A-D 2004, Lewis 2005). Their intent was that
the not-for-profit foundation would ensure the management

of the working forest as well as the natural areas through
environmentally sound and sustainable practices, much as

Leo Drey himself had done, for long-term public benefit. Not
only would the forest continue to serve as a demonstration

of ecologically and socially sustainable management, but the
income stream from its operations would be available to mount
a more substantial educational and public outreach effort. It was
the most spectacular gift of real estate in Missouri and perhaps
ever in the annals of American forestry, and it was Leo and Kay
Drey’s way of perpetuating the Pioneer tradition.
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Figure 25—Board feet per acre on Pioneer Forest, 1952-2002, from
continuous forest inventory data. (Pioneer Forest)
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Figure 26—Pioneer Forest staff (left to right): Dan Skaggs, Tim Dyer, Terry
Cunningham, Mike Adams, Clint Trammel, L-A-D Foundation President
John Karel, Leo Drey, Greg Iffrig. (Courtesy of Pioneer Forest)
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MLVICULTURE AND THE LONG-TERM DYNAMICS OF
SINGLE-TREE SELECTION ON PIONEER FOREST

Edward F. Loewenstein’

Abstract—The uneven-aged silvicultural prescriptions being applied to oak-hickory stands on the Pioneer Forest contain elements
of both art and science. The scientific element is found in the quantitative analysis of long-term inventory information to guide
marking decisions, as stands currently receive their third and, in some cases, fourth cutting cycle harvest. The artistic element

is borne of experience, as newly hired foresters and technicians serve the equivalent of an apprenticeship under the watchful
guidance of the senior forest management staff. Contrary to popular belief, quantitative evidence and practical observation suggest
that the uneven-aged methods being applied in Pioneer Forest are both sustainable and productive over time.

INTRODUCTION

What silvicultural approach do Pioneer Forest managers

use (is it classical single-tree selection), and how has this
approach affected the forest structure over the last 50 years

on this 154,000+ acre, privately owned, oak-dominated

forest? Answering these two simple questions might seem
straightforward. However, | have been wrestling with the
answer to these questions for over a decade. This has been a
good exercise because it finally dawned on me why it is so hard
to describe what they do on the Pioneer Forest. It all goes back
to the basics of silviculture.

Silviculture has been defined as the art and science of producing
and tending a forest stand to meet a landowner’s objectives

on a sustainable basis (Smith 1986). It seems that foresters

on the Pioneer tend toward the artistic side of silviculture.
Newly hired foresters at the Pioneer Forest essentially serve an
apprenticeship; the new forester follows an experienced one
around the woods observing and asking questions for about

6 months before they’re allowed to mark their first stand for
harvest. Even then, they work only under the watchful eye

of their mentor until they have shown they understand and

can properly apply the system. All the Pioneer foresters are
educated professionals with a good background in the science of
forestry. The trouble is that a textbook on scientific application
of selection silviculture in oak-dominated ecosystems has not
yet been written, so the only way to learn the system is from
someone who already knows how to apply it. In other words,
their practice is quintessentially an art and a science, passed
down from master to apprentice.

Several years ago, when asked about their approach to marking
stands, Pioneer Forest Manager Clint Trammel stated that their
goal upon entry into a stand is to create or maintain a three-
tiered canopy composed of an overstory, a midstory, and a
sapling/reproduction layer. Assuming that the three canopy
tiers represent three broad age classes, the textbook definition
of an uneven-aged stand is attained. However, that still says
little about how individual trees are selected for harvest.

What are the marking rules? Are trees marked from across the
entire range of diameter classes with each entry? Is the stand
marked to a target diameter distribution? The answers to these
questions would help to determine whether the Pioneer Forest

managers were practicing classical selection silviculture. Over
time, through a series of discussions, the answers provided
by the Pioneer Forest staff indicate an empirical rather than
an academic approach. Four general rules are followed on the
Pioneer Forest:

1. Cut on a 20-year cycle by section (1 square mile; this is the
operational unit on the forest). The harvest is scheduled when
basal area reaches 95 to 100 square feet per acre rather than by
strict adherence to the cutting cycle.

2. Only merchantable trees are harvested.
3. Culls are felled if suppressing crop trees. Snags are left.

4. Removal is based on vigor, canopy position, site/species
relationships, and potential for increase in value.

Typically, there are four issues raised that suggest single-tree
selection is an inappropriate silvicultural system for regenerating
shade-intolerant tree species, in general, or oaks, in particular.
First is the concern that oaks will not develop under the shade
of a continuous canopy (Sander 1980). Therefore, with single-
tree selection it is not possible to develop the age structure
necessary for an uneven-aged stand (e.qg., three separate age
classes). Second, it is thought that an oak-dominated stand
cannot develop or maintain the reverse J-shaped diameter
structure indicative of a balanced uneven-aged stand (Sander
1980). Third, when single-tree selection is applied in an
oak-dominated stand, the result in other situations has been

a shift in species composition toward more shade-tolerant

tree species (Trimble 1970, Della-Bianca and Beck 1985,
Schlesinger 1976). This is related to the first argument. Oak
cannot become established beneath the shade of a continuous
canopy and so will be replaced by more tolerant species such
as red maple (Acer rubrum L.) or hickory (Carya sp.) that can
tolerate these conditions. Fourth, if the data show an age
structure, diameter structure, or species composition indicative
of a sustainable silvicultural system, then there must be an
alternative explanation. Either the long-term results of the
current management practices are not yet apparent or the data
were collected over too large an area. The response to these
concerns by the staff of the Pioneer Forest has always been to
invite skeptics out to the forest to see what they are doing, and
to witness the results of their management.

" Edward F. Loewenstein, Assistant Professor of Silviculture, School of Forestry and Wildlife Sciences, Auburn University, Auburn, AL 36849.
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Unfortunately, not everyone is able to make the trip to south
central Missouri, nor is seeing necessarily believing. Objective
scientific data were required. The purpose of this paper is to
quantitatively explore four questions relative to silviculture on
the Pioneer Forest. Has the Pioneer Forest staff been able to
create uneven-aged stands in an oak-dominated system? Has
the species composition of the stands continued to be oak-
dominated? Finally, were Pioneer foresters able to create the
stand diameter structure necessary to sustain an uneven-aged
stand? Only if the answers to these three questions were yes
would it make sense to address the final issue. Is the silvicultural
system in practice on the Pioneer Forest single-tree selection
or is regeneration occurring in distinct even-aged groups better
described as group-selection or patch clearcutting? Answering
each of these questions required a definition of the uneven-
aged state that was much more rigorous than that which is
currently in use by the forestry profession. However, it also
required an evaluation of the Pioneer system in a manner to
which accepted successful applications of a single-tree system
had never been subjected.

The Pioneer Forest offers a unique opportunity to see the long-
term results of a silvicultural system rarely attempted in an
oak-dominated ecosystem. This is possible because a continuous
forest inventory (CFI) has been maintained on the forest since
the 1950's. The CFI plot network consists of two, 1/5-acre fixed-
radius plots per square mile on the forest. These are permanent
plots, and all trees larger than 5 inches in d.b.h. are uniquely
identified and remeasured at 5-year intervals. This dataset
makes it possible to track change through time so that the effect
of the Pioneer system on stand diameter structure and species
composition can be examined relative to a known starting point.
The examination of spatial scale was made with only the most
recent inventory (1992), and the dataset used to examine forest
age structure was collected apart from the CFI plot network
(Loewenstein 1996, Loewenstein and others 2000).

AGE STRUCTURE

In order to determine whether the Pioneer management system
created an uneven-aged stand structure, a statistically testable
definition of age structure had to be developed. By definition,
an uneven-aged stand is one that contains at least three age
classes either intimately intermixed or occurring in small groups
(Helms 1998). To conduct a statistical test, age class was defined
within the context of an even-aged stand where the range of
ages is expected to be within 20 percent of the rotation length.
One assumption had to be made because the concept of rotation
does not apply to uneven-aged silviculture (Meyer 1943); an
uneven-aged stand is managed by diameter structure, and

tree age is of little or no importance. For purposes of the test,
however, a rotation length of 90 years was assumed. This gave
an age-class range of 18 years. Based on these assumptions,
the test of a binomial proportion was then used to categorize
sampled stands as either even-aged, two-aged, or uneven-
aged.

Ten 1-acre plots were sampled across one section (1 square
mile) on the Pioneer Forest. The section was chosen at

random from all Pioneer holdings that had been entered for
treatment at least three times since the property was acquired
by the forest in the 1950’s. This restriction ensured that the
observed age structure was influenced as little as possible by
management practices applied prior to acquisition by Pioneer
Forest. Sample plots were limited to an acre in size to ensure, to
the extent possible, that silvicultural treatments were applied in
a fairly uniform manner across each plot. Age was determined
for 60 oaks on each plot. Our interest was in determining
whether the Pioneer system can sustain an uneven-aged oak-
dominated forest with oaks maintained in all age classes. If the
oak component is unable to establish and periodically recruit
additional age-classes into the stand, it is not sustainable in the
long-term.

Seven of ten 1-acre plots were classified as uneven-aged, two as
two-aged, and a single plot was determined to be even-aged.
However, in order to adequately interpret these data, some
additional information is required. First, the test used was very
conservative. Had an alternative definition of an age class been
used (e.g., Schnur (1937) defined an age class as spanning not
more than 8 years) or a less conservative statistical test, at least
9 of the 10 samples would have been classified as uneven-aged.
It must also be noted that although the Pioneer Forest has been
under the current management strategy since the 1950s, trees
are very long lived and many of the trees currently standing

in the forest were established prior to commencement of the
current silvicultural system. The total range in age of the trees
sampled was from 12 years to 233 years; but, 87 percent of

the sampled trees germinated prior to the creation of Pioneer
Forest. Even so, on eight of the ten 1-acre plots, a new age class
has been recruited under the current management regime.
Given that the Pioneer silvicultural system is recruiting oak into
the stand and that on at least 70 percent of the forest sampled
the age structure was found to be uneven-aged, it appears that
the three age classes required for the uneven-aged state can be
developed in this oak-dominated system and that the Pioneer
Forest silvicultural system is able to create/maintain this age
structure.

DIAMETER STRUCTURE

A reverse J-shaped diameter distribution is considered indicative
of an uneven-aged stand because it allows for ingrowth, natural
mortality, crop tree selection, and harvest while maintaining a
stable diameter structure (Schlesinger 1976). However, it has
been suggested that oaks and other shade intolerant species
are unable to maintain this reverse J-shaped distribution
because they are unable to successfully reproduce or recruit into
successively larger size classes under the shade of a continuous
canopy (Sander 1980). From the time active management
started on the Pioneer Forest in the early 1950s, the composite
diameter structure on the forest has maintained a reverse-)
shape (fig. 1). However, the forest has been steadily changing.
With each succeeding CFI inventory, the stocking percent
increased markedly, and the number of stems in each diameter
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class increased as evidenced by the increased height of each
subsequent distribution (fig. 1). On average, the forest has
changed from an open woodland structure (32 percent stocking)
to a closed canopy forest.

A sustainable forest structure is expected to be stable over an
extended period of time. Forest stocking levels have steadily
increased on the Pioneer Forest, so, in a strict sense, forest
structure has changed. However, examining the Pioneer Forest
diameter distributions on a relative scale rather than an absolute
scale produces a somewhat different picture (fig. 2). Even with
a marked increase in stocking levels, the relative diameter
structure on the Pioneer Forest has remained remarkably stable
over time. The forestwide g-value, defined as the proportion of
trees in one diameter class relative to the number of trees in
the next smaller diameter class, has not varied by more than
0.02 over the 40-year period illustrated. Whether this diameter
structure will remain constant as stocking levels on the forest
continue to rise is subject to ongoing discussion. However, its
stability across the first 40 years of management under the
Pioneer system is a matter of record.

SPECIES COMPOSITION

The single-tree selection method has been successfully used to
manage shade-tolerant species, which are able to establish and
develop in the shade cast by a continuous cover of overstory
trees. However, oaks tend to be intolerant to moderately
tolerant of shade, and it has been suggested that they cannot
be regenerated using the single-tree selection system (Sander
and Clark 1971, Sander and Graney 1993). The common
perception among foresters is that when selection silviculture

is practiced in an oak-dominated ecosystem, a shift in species
composition occurs toward more shade-tolerant species that
are often of lesser commercial value (Johnson 1977, Niese and
Strong 1992). Further, such shifts in composition have been
shown in numerous studies (e.g., Trimble 1970, Della-Bianca
and Beck 1985, Schlesinger 1976). It should be noted, however,
that these studies were conducted in highly productive forests
that tend to receive adequate rainfall during the growing
season. In those mesic forests, regeneration of oak species can
be difficult. Shade-tolerant competitors often overwhelm and
out-compete oak reproduction regardless of the silvicultural
method employed. However, the Pioneer Forest is located in the
Ozark Highlands of Missouri where moisture is limited, and the
drought-tolerant oaks are easily regenerated.

In the early 1950s when selection silviculture was first applied
on the Pioneer Forest, seven principal species (or species
groups) comprised over 90 percent of both the standing basal
area and tree density (number of trees per acre). These species
were white oak (Quercus alba L.), black oak (Q. velutina Lam.),
scarlet oak (Q. coccinea Muenchh.), northern red oak (Q. rubra
L.), post oak (Q. stellata Wangenh.), the hickories (Carya sp.),
and shortleaf pine (Pinus echinata Mill.). By the early 1990s,
the average basal area on the Pioneer Forest had increased by
approximately 50 percent, and the number of trees per acre (all
stems >5 inches in d.b.h.) had increased by over 70 percent.
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Figure 1—Diameter distributions of all trees inventoried on the Pioneer
Forest in 1957, 1967, 1982, and 1992.
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Figure 2—Relative diameter frequency distributions of all trees inventoried
on the Pioneer Forest in years 1957, 1967, 1982, and 1992.
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Even with this marked increase in both volume and density,
the seven species that dominated the forest in the 1950s still
accounted for over 90 percent of both basal area and trees

per acre (Loewenstein and others 1995). It is true that the
proportion of trees among these species has shifted somewhat
with white oak increasing in prominence at the expense of
the others. However, even this small change in the relative
proportions of the oak species only serves to bring the current
species mix closer in line with that which is thought to have
occurred historically across the region.

Although there were no large shifts in the overstory species
composition (trees >5 inches in d.b.h.), demonstrating that the
species composition is sustainable also requires an examination
of trees in the understory. Based on a 1992 inventory of
subcanopy trees (1.6 to 4.9 inches in d.b.h.), six of the seven
principal overstory species were among the 10 most abundant
subcanopy species. Only northern red oak was not; it ranked
16th in understory tree abundance (Loewenstein 1996). White
oak was the most abundant subcanopy tree, accounting for
over 75 stems per acre. Flowering dogwood (Cornus florida L.),
a shade tolerant, was the second most abundant subcanopy
tree. Flowering dogwood, however, rarely reaches the overstory;
stems greater than 4.6 inches in d.b.h. were found on less

than 7 percent of all CFI plots. The only other subcanopy shade
tolerant species of significance were black gum (Nyssa sylvatica
Marsh.) and maples (Acer sp.). Combined with dogwood, these
three species groups comprised 98 percent of the subcanopy
shade-tolerant species and accounted for 87 percent of the
total density of overstory shade-tolerant species. Approximately
two-thirds of all shade-tolerant species inventoried in 1992
were in the 2-inch d.b.h. class, and more than 90 percent were
less than 4.6 inches in d.b.h. (fig. 3). In general, there is little

or no evidence that shade-tolerant species have increased in
importance in the overstory. Moreover, and more importantly,
the accumulation of shade-tolerant trees in the smallest
diameter classes does not appear to have suppressed the
establishment and growth of intolerant species including the
oaks. In the 2-inch diameter class, which included the greatest
proportion of shade-tolerant species, the combined oaks and
other intolerants outnumbered the shade-tolerant species nearly
two to one.

SPATIAL SCALE

Finally, the issue of spatial scale must be addressed to
determine whether or not single-tree selection, as opposed to
group selection, can sustain oak recruitment on the Pioneer
Forest. Oaks are intolerant to moderately tolerant of shade.
Therefore, successful oak reproduction may require small even-
aged groups or patches that are larger than those provided by
the single-tree selection system.

Beginning with the accepted definition of an uneven-aged
stand as one with at least three age classes either intimately
intermixed or occurring in small groups (Helms 1998), an
attempt was made to develop a test of spatial scale for uneven-
agedness. Unfortunately, this definition is unsatisfactory from
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Figure 3—Diameter distributions by species group of all trees in 1992
(stocking, 67 percent).

both a scientific and a statistical perspective. It is too ambiguous
to be tested directly for two reasons: first, the maximum size

of a single stand is undefined, and, second, the size at which a
group opening becomes large enough to be considered a small
clearcut (and by definition, a separate stand), is debatable

as well. These two issues become problematic only because
without spatial limits, it is possible to define group and stand

in such a way that three age classes are always included within
an arbitrary boundary, thus meeting a ‘minimal’ definition of an
uneven-aged stand.

With any of the even-aged silvicultural reproduction methods
(i.e., clearcutting, seed-tree, or shelterwood), regeneration
occurs across the entire stand at the start of the rotation. Thus,
age and size structure are consistent across the entire area.

In group selection, regeneration occurs in small even-aged
patches that are periodically created at each cutting cycle.

The age structure and diameter structure of a group-selection
stand combine measurements from each group into a single
distribution. Individually, trees in each group are fairly uniform
in both age and diameter. Only when combined across the
stand does a recognizable uneven-aged structure appear

(a reverse J-shaped distribution is typical). In single-tree
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selection, however, regeneration is distributed much more
uniformly across the stand. The age (size) classes are intimately
intermixed. For this reason, under single-tree selection the
diameter structure of the stand should be more uniform and
occur at a smaller spatial scale than might be expected with
either group selection or by combining separate even-aged
stands.

By examining the spatial scale at which a stable reverse
J-shaped diameter distribution occurs, it should be possible

to place the silvicultural method employed by Pioneer Forest
managers along the continuum from single-tree selection,
through group selection or into any of the even-aged systems. If
this spatial scale is relatively small (1 acre or less, for instance)
there could be little question that the diameter structure was
stable, sustainable, and occurring in a pattern suggestive of

the single-tree selection system. If, however, the spatial scale
at which the forest wide diameter distribution reoccurs were
fairly large (several acres or more), then the likelihood that

this distribution consists of accumulated even-aged groups of
trees increases dramatically. On the Pioneer Forest, it was found
that the forestwide, reverse J-shaped diameter distribution
reoccurred on average at a spatial scale of only 0.6 acres
(Loewenstein 1996). Given that the most intensively managed
even-aged plantations cover at least 1 acre (Smith 1986) and
extensively managed forest stands may be several hundred
acres in size (the operational unit or stand size on the Pioneer
Forest is one section, 640 acres), this is strong evidence that
single-tree selection is indeed the silvicultural system employed
on the Pioneer Forest, and it is maintaining a stable diameter
structure at a very small spatial scale.

SUMMARY

Despite a widely held belief that oaks regenerate most easily
using clearcutting or shelterwood methods, this knowledge
leads many to discount the use of uneven-aged methods to
manage oaks. However, the data in this paper show that the
staff of the Pioneer Forest has successfully used single-tree
selection over the past 50 years. The efficacy of the Pioneer
system was evaluated in four ways:

1. The age structure of the oak component was found to be
uneven-aged across 70 percent of the area sampled.

2. The diameter structure was found to exhibit a stable, reverse
J-shaped distribution that has not changed over time. Such a
distribution is considered indicative of a balanced, uneven-aged
stand.

3. The species composition on the forest has changed little over
the past 50 years and shows no evidence of a compositional
shift toward shade-tolerant species. The oak component has
been maintained in the overstory and understory, and the white
oaks are increasing in prominence.

4. Finally, the forestwide diameter structure appears stable at a
spatial scale of 0.6 acres. This scale strongly suggests that the
entire range of size/age classes is well distributed across the
landscape and not occurring in distinct even-aged groups.

Silviculture and the Long-Term Dynamics of Single-Tree Selection on Pioneer Forest

The evidence from these studies collectively indicates that the
single-tree selection system can be used to sustain an uneven-
aged oak-dominated forest in this Ozark ecosystem, and that
single-tree selection is indeed the system applied on the
Pioneer Forest.
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DESCRIBING SINGLE-TREE SELECTION HARVEST)
IN MISSOURI OZARK FORESTS

Greg F. Iffrig, Clinton E. Trammel, and Terry Cunningham’

Abstract—The European debate about uneven-aged forest management has been described as comparable to the religious wars

of the Middle Ages. Likewise, here in the American Midwest, the forestry community has been largely unreceptive to the uneven-
aged system of management, particularly the single-tree selection technique. Whereas a religious war may be more descriptive
than accurate, disagreement is almost certain to continue in the literature as well as on the front lines within the forests. Despite
that, we present evidence that use of the single-tree selection cutting technique for forests of the Lower Ozarks Region is an
appropriate and successful management and restoration application. Drawing on more than a half-century of management
experience and continuous forest inventory information, we trace the early development of single-tree selection harvesting, review
its use as the harvesting technique on Pioneer Forest, and describe its implementation in detail.

EUROPEAN ORIGINS OF UNEVEN-AGED
FOREST MANAGEMENT

The system of forest management, used on Pioneer Forest

since the early 1950s, is a very old one, originating in the
mountainous regions of Europe in the 1700s (Schutz 1997) in
mixed beech-fir forests. As practiced at that time, the system
represented an accumulation of knowledge among generations
of private forest owners. Europeans viewed forests as an
important economic asset that, through careful management,
could yield income to be used for important and periodic family
needs. Harvest revenues could be used for building construction
or repairs, education, weddings, or emergency revenue. Through
this experience, beginning nearly 300 years ago, European
families passed along what developed into a recognized practice
of periodically selecting trees from the forest for harvest.

In the late 1800s, a harvest technique known as single-

tree selection was developed as a part of the more formal
description of uneven-aged forest management by Henri Biolley
(1901) in Switzerland and Adolph Gurnaud (1882, 1884) in
France. From Gernaud came the idea of the sustainability of
forests through the application of single-tree selection harvests
whereas Biolley developed the technical rules for its use as a
formal management tool.

Despite these advances, there has been a great deal of debate
in European circles about the use of uneven-aged management.
Schutz (1997) likened that debate as “comparable to the
religious wars of the Middle Ages”, with deeply held beliefs
about even-aged forestry versus uneven-aged forestry, often
to the point where dispassionate assessment of the respective
methods on their own merits is difficult to find. But, the
European experience is clear in one respect—that in certain
forest types, when applied with a combination of scientific
analysis and practical experience, uneven-aged management
can be successfully implemented in the long term.

UNEVEN-AGED MANAGEMENT IN MISSOURI

In the central United States, the earliest literature describing
either uneven-aged management or the practice of single-
tree selection first appeared in the 1980s. Larsen (1980)
developed a growth and yield model for mixed oak-pine forests
using the Continuous Forest Inventory (CFl) information from
Pioneer Forest as a database. Melick (1989) presented some
of the earliest silvicultural prescriptions for the uneven-aged
management of three specific forest stands on the Mark Twain
National Forest. At this same time, Law and Lorimer (1989)
prepared their own analysis for managing stands to achieve an
uneven-aged character across the landscape.

In a series of research projects spanning the 1990s, a more
specific analysis of uneven-aged forest management in
oak-hickory forests was conducted on Pioneer Forest. Such a
thorough analysis was possible primarily because of the long-
term database from the CFl established on Pioneer Forest in
1952. Jenkins (1992) and Jenkins and Pallardy (1993) studied
oak-hickory stands and suggested that the red oak group in
uneven-aged stands on Pioneer Forest were less susceptible to
mortality than similar stands under other management systems
elsewhere. While not exclusive to Pioneer Forest, Johnson
(1992) mentions the use of single-tree selection harvesting in
his review of alternatives to clearcutting, although, at the time,
only reluctantly recommending it as a prescription. Shortly after
Johnson's review was completed, he and other researchers at
the University of Missouri-Columbia continued to analyze the
single-tree selection method and reported positive results.
Loewenstein (1996) and Loewenstein and others (1995, 2000)
investigated age/diameter relationships, as well as long-term
changes in species composition and basal area (summary of
the number and size of trees per acre). Results from this series
of papers clearly demonstrated the success of the method over
a 50-year period. Wang (1997) and Wang and others (1996)
reported on the stability of diameter distributions, confirming
that the diameter distributions for scarlet oak (Quercus coccinea
Muenchh.), northern red oak (Q. rubra L.), and white oak

(Q. alba L.) conformed to the expected negative exponential
diameter distribution (described by Johnson and others 2002);

' Greg F. Iffrig, Chief of Recreation and Reserves, Clinton E. Trammel, Retired Forest Manager, and Terry Cunningham, Forest Manager, Pioneer Forest, Salem,

MO 65560.
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namely, with more trees in the small size, young age classes
and fewer trees in the larger size, older age classes.

Two attempts in the recent past describe how the method
applied on the ground. One was an initial work by Larsen and
others (1997) where the authors, using regression models,
projected height and density classes for regeneration based
upon given residual basal area of the overstory. Then Larsen and
others (1999) presented criteria for selecting the residual stand
structure and density necessary to sustain a forest dominated
by oaks. The basis for both of these treatments was a 40-year
portion of the data-set from Pioneer Forest. More recently,
Johnson and others (2002) thoroughly reviewed uneven-aged
silvicultural methods, including an extensive discussion of the
principles and some of the theory of the single-tree selection
cutting technique. In this paper, we present in more detail the
successful practice of marking and decision-making, which has
been developed by a group of foresters who have applied the
single-tree selection technique of uneven-aged management in
Ozark forests since the 1950s.

BACKGROUND AND HISTORY OF THE LANDS
OF PIONEER FOREST

Leo Drey began acquisition of the lands that are now Pioneer
Forest in March 1951. Today these forests extend over 154,000
acres. He recognized that these forested landscapes could be
productive while they were managed using a more conservative
harvesting technique. Prior human-induced disturbance on much
of these lands included fire, cutting, and grazing. Drey’s goal
was to establish a demonstration method of harvesting trees
while retaining the structure and character of the forest across
the landscape. The long-range objective for Pioneer Forest is to
develop and manage native tree species of large diameter and
high quality for wood products while also providing a host of
recreational and ecosystem benefits.

There is significant information on the history of these forests
prior to Drey’s earliest acquisition. This history is not only
interesting, but is also instructive in developing and then
validating a successful prescription for single-tree selection
harvesting.

Pioneer Forest is located in the oak, hickory, and pine region
of the Ozark Highlands. Aside from scenic beauty, these forests
provide recreation, water and soil conservation, watershed
protection, timber products, fuel, and essential habitat for
characteristic wildlife species. The topography was formed
largely through a process of erosion with areas of greatest relief
reaching a difference in elevation of 700 feet. This area of the
Ozarks, and the lands of Pioneer Forest specifically, have many
classic features of karst-influenced landscapes, including large
springs, sinkholes, losing streams and numerous caves, plus
bluffs, glades, fens, and clear streams.

We can only speculate as to the condition of these old and
mature forests just prior to their first cutting, but we can learn
a great deal from those who have examined, studied, and

written about the condition of the Ozarks landscape at that time.

Their observations, as well as what we know about the cutting
during this early period are particularly helpful in understanding
the subsequent results of the harvest method that has been
researched and practiced on Pioneer Forest.

The earliest information we have comes from the study of

tree ring chronologies. Guyette and others (2002) developed

a method for constructing fire and disturbance models
extending hundreds of years back in time through pre-European
settlement. Study of disturbance regimes resulting from the
long-term interactions between humans and their environment
can provide specific information on forest succession and species
abundances.

In the region of Pioneer Forest, evidence suggests that the
highly dissected and heavily forested topography reduces the
frequency of fire-related disturbance. Guyette and others (2002)
noted that the interval between surface fires ranged from 9.8 to
17 years within the forested uplands immediately north of the
Current River, compared to 16 to 29 years for the more mesic
mixed-oak forests along the river during the period 1700 to
1850. Thus, the 15- to 30-year entry period that has evolved
operationally for single-tree selection harvest parallels the
earlier frequency of disturbance from fire in the region.

There also appear to be differences in the scale of disturbance
locally versus regionally. Guyette and others (2002) noted that
the Ozark Region is more than 80 percent forested, defined

as having a percent canopy closure of more than 75 percent.
However, they also noted that the locality of Pioneer Forest
with its steep ridges and numerous streams and slopes that
average 18 degrees, supported a pattern of small-scale rather
than large-scale disturbance. The practice of removing individual
trees that is typical of management on Pioneer Forest thus
approximates the historic scale of smaller disturbances that
were common in this vicinity.

Pine and deciduous forests made up most of the pre-settlement
vegetation of the Ozarks, especially in areas of greatest
topographic relief (Thom and Wilson 1980). From our own long-
term work, as well as publications describing this particular area
of the Ozarks, the majority of Pioneer Forest is located in what
was and still is the most heavily forested region of Missouri.
These landscapes are and have always been forests in the truest
sense.

More information comes during the mid-20th century from

an article about “Pioneer Forest,” published by the Missouri
Department of Conservation. Meyer (1949) describes these
lands during the period from about 1920 to 1945. The following
are a few of his observations:

“The name Pioneer Forest is an ideal one, tying its past
history to the cooperage company whose conservative
use of the land made it possible for the forest now to be
a going concern without a long period of building up the
timber volume on the land.

“The history of the forest begins about a quarter of a
century ago [ed. note: about 1920] when 50,000 acres
of virgin timberland was purchased by the cooperage
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company from the old Current River Lumber Company. A
lot of this land then supported ancient stands of shortleaf
pine and of white oak...”

“And so the company had some land which had not
been cut enough to even harvest the growth...”

These writings are clear in their description of forest, timber
volume, and the dominant native species found in this region.

Around 1945, National Distillers purchased all of the lands
owned by Pioneer Cooperage. By 1954, National Distillers had
changed its forest management practices and began cutting

all merchantable trees rather than using the more careful and
selective approach initiated by Pioneer Cooperage. Cutting
during this time removed many of the larger shortleaf pine
(Pinus echinata Mill.) and white oak, as well as some black and
red oaks. Farther away from the sawmills, larger trees were
often left. Also, left within these forests were the pine and
white oak trees generally smaller than 14 inches in diameter
(Martin and Presley 1958). Misshapen or poorly formed trees
were not cut. Also left were other abundant species of all sizes,
including blackgum (Nyssa sylvatica Marsh. var. sylvatica), ash
(Fraxinus spp.), hickory (Carya spp.), other oaks, walnut (Juglans
nigra L.), basswood (Tilia americana L.), mulberry (Morus rubra
L.), black cherry (Prunus serotina Ehrh.), elm (Ulmus spp.), and
sycamore (Platanus occidentalis L.)—trees that we know are
characteristic of the Ozark forests, but for which, at the time,
there was no market.

Another source of information from the period immediately
prior to Leo Drey’s purchase of the forest provides a more
detailed look at forest composition. H.H. Chapman, a well-
known forestry professor from the Yale University School of
Forestry, visited the National Distillers holdings in July 1951.
The purpose of Chapman’s visit was to produce a fairly detailed
report (Chapman 1951) of the forest condition. During the
period of July 5 to 15, Chapman traveled 1,500 miles, inspected
66,000 acres of land, and completed measurements from 106

of the 179 surveyed sections in which National Distillers owned
land. This was during a time when many writers describe these
Ozark forests as having been completely cutover. Included in
Chapman’s report was a 1949 calculation of the number of trees
per acre from three diameter classes (4 to 10 inches, 12 to 14
inches, and trees greater than 16 inches in diameter). From his
data, we know that there was an average of 38.4 trees per acre,
including nearly eight saw log trees (individual trees greater
than 12 inches in diameter) (table 1).

Whereas this average represents a relatively low stocking, it
should be noted that at the time of his inventory in 1949, the
only merchantable species were white oak, red oak, black oak,
and shortleaf pine. We speculate that these data may have
represented only the species that were merchantable at that
time because only one species-specific class (the report lists
white oak, the species of primary importance to the distillery
company, as one class and then other species as another

class) is mentioned in Chapman’s report. If all species present
had been measured, whether merchantable or not, then the
forestwide number of trees per acre would have been higher.
Our own data, compiled only 8 years later (table 1, 1957), show
nearly double the total number of trees and nearly double the
saw log trees when accounting for all species.

There is no question that early cutting (the peak period of which
occurred between 1880 and the 1940s) substantially changed
certain Ozark forests. Furthermore, there also is considerable
evidence that while forests of the 0zarks were indeed cut, it

is unlikely that the entire Ozark region would have been left
barren.

In 1954, Drey concluded his purchase of all of the land holdings
of National Distillers and, adding that to the forest acreage he
had already purchased, he then renamed his long-range forest
management effort Pioneer Forest. From its beginning, Pioneer
Forest has used uneven-aged management, applying the single-
tree selection harvest method on a truly landscape scale as an
Ozark forest management project.

Table 1—Trees per acre by diameter at breast height (d.b.h.) and year of inventory from

Pioneer Forest, Missouri?

Chapman

D.b.h. 1951 1957 1962 1967 1972 1977 1982 1987 1992 1997 2002
6 29.0 34.0 38.2 444 479 478 46.6 542 66.4 64.73
8 30.5° 18.0 19.0 22.8 242 273 307 325 342 36.2 33.09
10 11.2 125 14.6 16.4 17.0 181 20.0 21.8 243 229
12 5.8° 6.9 7.0 9.0 9.2 10.2 11.0 11.6 12.5 151 13.0
14 4.1 4.5 54 4.7 5.0 5.4 5.8 6.7 8.0 6.4
16 2149 1.6 2.0 2.7 2.3 2.3 2.5 2.3 2.8 3.6 3.0
18 0.6 0.8 1.0 1.0 0.7 0.8 1.0 1.2 1.7 1.2
20 03 03 04 0.4 04 03 0.3 0.5 0.6 0.7
22 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.2 0.2 041
24 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.1

Total 38.4 719 80.3 943 102.8 111.0 116.7 1201 134.2 156.2 145.2

@Data for 1951 from Chapman (1951), and for remaining years from the continuous forest inventory.
b Accumulated diameter class of all trees measured from 4 to 10 inches d.b.h.

¢ Accumulated diameter class of all trees measured from 12 to 14 inches d.b.h.

9 Accumulated diameter class of all trees measured =16 inches d.b.h.
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SINGLE-TREE SELECTION AS APPLIED IN PIONEER
FOREST

The application of the single-tree selection harvest method
lends itself more to a qualitative description, and somewhat less
to being quantified. In many ways, this technique is at least as
much art as it is science. From the very earliest days of Drey’s
ownership, the forest management philosophy was epitomized
by the words of Russ Noah, former forester with Pioneer

Forest: “if a tree would last for another 10 years (or until the
next scheduled harvest), don’t cut it.” This philosophy is also
expressed in a more recent and equally concise description of
uneven-aged management by Guldin and Baker (1998), where
markers are instructed to “cut the worst trees and leave the best
within each diameter or product class.” Although simple, both
descriptions go a long way toward demystifying what many
have been called impossible to describe.

First applied by foresters Ed Woods and Charlie Kirk on the
properties of Pioneer Cooperage, the concept was to remove
trees from the forest that might be lost before the next harvest.
Infestations by insects, disease, or storm damage were all
reasons to harvest a tree. Rather than removing all or a large
portion of the trees from any given acre, only those trees that
might be lost or were expected to significantly decline (in value
or health or both) before the next harvest were considered for
removal. The principal idea was to devise a harvesting technique
that would allow selected trees to be removed periodically from
the forest.

This removal was initially suggested to be every 10 years.
Neither the expected period for this re-entry, nor the carrying
capacity for these Ozark forests, were precisely known when
foresters of the present-day Pioneer Forest began. Through
practical experience and experimentation, the details of this
technique have developed.

In many ways, the nature of the single-tree selection harvest
technique is an accelerated version of the natural changes
that might occur within the forest over much longer periods of
time. Time, combined with risk factors such as mortality, make
all the difference in understanding how this method of forest
management works (fig. 1).

Overview

The prescription for field-marking, which we describe below
does not attempt to quantify the many variables that are at play
within the forest. Uneven-aged management, and especially the
single-tree selection technique, is, by nature, a highly flexible
forest management tool. Single-tree selection harvesting is
more consistent with the dynamic conditions within the forest,
combining the biological realities with various social objectives
(Becker and Corse 1997), including income, recreation, and
aesthetics. The biological realities such as drought, fire, ice, and
wind, as well as the many human-inspired or human-inflicted
changes that have affected these forests over long periods of
time, are all constant and highly variable factors. Management
and experience with an ecosystem at least several hundred

Figure 1—Aerial view of an oak-hickory stand on Pioneer Forest
harvested using the single-tree selection method. Stumps of trees
harvested during the harvest are circled. (Pioneer Forest)

years old continue to leave many details of their effects still
unknown. These include the carrying capacity or standing
volume, maximum diameter, and a strict Q-ratio—the factor
used to calculate the number of trees within individual age/
diameter classes (Johnson and others 2002). Therefore, as a
purposeful precaution, our marking prescription aims for more
broadly defined age and diameter classes within the forest and
much less for the academic rendering of a numerical formula.
This flexibility allows for specific targeted adjustments to be
determined on-site, during each harvest, accounting for both
natural and catastrophic change that may occur.

The most basic requirement of uneven-aged management is
that the resulting forest shall possess at least three distinct
age classes. The age class or diameter distribution of the forest
then follows what has become a classic reverse J-shaped curve
(Johnson and others 2002). This curve portrays the forestwide
array of diameter classes beginning with a greater number of
younger aged, smaller diameter trees, and then progressively
reducing the numbers of trees within each diameter class to
reach fewer older aged, larger diameter trees. The difference
between the real curve from actual forest data and the
theoretical quiding curve provides the management target.
Figure 2 portrays the results of our day-to-day interpretation of
the qualitative prescription we describe here. The quantitative
analysis of these results and the periodic fine-tuning over

long periods of time determine successful management and
demonstrate how well the technique works when applied across
a large forested landscape.

Merchantability Standards

The merchantability of a given species depends on market
conditions within a particular region. In the Pioneer Forest area,
minimum merchantable hardwood saw log trees are 11 inches
in diameter at breast height, with at least an 8-foot saw log
containing a 10-inch diameter at the small end. Pine saw log
trees must be at least 9 inches in diameter at breast height
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Figure 2—Distribution of stems >2 inches in d.b.h. per acre from the
2002 Continuous Forest Inventory (CFI)—compared with a theoretical
1.69 Q-factor curve using an upper diameter of 23+ inches.

and have at least an 8-foot log length, with a minimum of 6
inches in diameter on the small end. Cordwood trees are those
trees large enough to be a saw log but contain defects that
will not allow merchantability as a saw log; or are less than
the minimum saw log diameter at breast height, contain at
least one stick of wood 4 feet in length, and are not less than 4
inches in diameter on the small end.

Harvest Cycle

Rotation describes the length of time between harvests or the
maximum age a stand will be allowed to grow under an even-
aged management system. The length of a rotation is the time
between harvests. Using an uneven-aged management system,
however, there is always a forest cover on the land and thus
no recognizable beginning or end to the structure of the forest.
Forest management through the application of single-tree
selection becomes a series of separate entries, called cutting-
cycle harvests, where each time a partial harvest occurs. These
harvests can be thought to be analogous to the thinnings used
in well-managed, even-aged stands, but unlike even-aged
thinnings, mature, high-value trees are harvested during every
uneven-aged cutting-cycle harvest. Success with single-tree
selection management depends on the monitoring of canopy
closure as well as a forest’s structural characteristics. The ability
to continually measure forest structure through time facilitates
success and also quantifies and characterizes forest quality.

The timing between each entry has evolved from that used
beginning in the early 1950s, of about every 10 years, to

a slightly longer period used today of 15 to 30 years for
individual stands. Past cutting history and the current condition
of the stand are used to determine the timing of each harvest
entry. Exact timing depends on the condition of any given
area, primarily canopy closure for the forested area under
consideration. The canopy cannot be allowed to fully close for
any length of time without causing a loss of desirable seedlings,
saplings, and poles, and significant components of stand
structure. Other factors include physical condition of the trees,
growth rate, and signs of mortality.

Describing Single-Tree Selection Harvests in Missouri Ozark Forests

Marking Method

Marking for a single-tree selection harvest focuses on the
condition and health of individual trees. When marking an area
for harvest, every tree is examined and an assessment made
as to the risk of that tree surviving through the next harvest
cycle. Trees not marked are considered to be likely to survive,
and, thus, are left to grow and gain in volume and value. The
number and quality of retained, or “leave”, trees found on
every acre of the forested area are a distinguishing measure of
single-tree selection harvesting. Leave trees are the dominant
and most productive trees in each age and diameter class. As
stand marking proceeds across the slope, the focus on any
given area is to first determine which trees are to be left and
only then to begin marking those trees that are to be cut. The
best trees on each site are almost always left to be re-assessed
during the next harvest. Specific considerations are age and
species, physical condition, vigor, site quality, stand position and
density, and cull or snag trees. A decision-tree was developed
for marking a stand of timber to aid foresters in the conceptual
understanding of the process (fig. 3).

The following marking guidelines have been developed to assist
in the evaluation of trees during a particular harvest when using
single-tree selection management. It should be remembered
that when using this method, foresters mark and leave trees for
the present harvest but also look ahead to one or more future
harvests when assessing each tree’s status.

Age (Size) and Species—The forester must observe
characteristics of each tree to estimate its age and determine
whether it is approaching biological maturity. For any given tree
this requires a general understanding of the capability of any
given species within this region. For example, a scarlet oak
currently estimated to be 80 years old would be around 100
years of age at the next harvest entry used on Pioneer Forest.
An age of 100 years would place a scarlet oak beyond the age
considered to be its normal biological maturity, and, thus, would
be at high risk of mortality. Such a tree would be marked for
harvest. On the other hand, a white oak tree 150 years of age
is well within the most productive growth period during its life
cycle and could be retained for at least several more harvest
entries.

Physical Condition—Each tree is examined for factors such as
an unusual number of dead limbs, decay holes, percent crown
spread, percent live crown, insects, and disease. For example,
trees in poor physical condition or those infested with insects or
diseases are considered at high risk of significant volume loss
or of dying before the next entry and, thus, become candidates
to be marked for removal during harvest. In addition, those
trees infested with insects or disease will potentially become an
infection site for the surrounding stand and should be removed.
As marking moves across the slope or up the hill, each tree is
observed from all sides. It is often the case that a tree observed
from several sides, and initially thought to be a leave tree, will
be reconsidered when a serious defect is observed from a side
of the tree not yet seen. Oaks in otherwise good physical
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Figure 3—Key for determining cut or leave trees during a single-tree
selection harvest. Definitions for terms used here are: cordwood—see
definition earlier in this paper under merchantability standards;
TSI—abbreviation for timber stand improvement, meaning the tree cut
for TSI has no commercial value other than the value of removing it as a
benefit to all of the surrounding trees; course woody debris—a cut tree
left on the forest floor; wildlife tree—any tree presently or potentially
used by any of a variety of wildlife species; legacy tree—any commercial
tree left standing for various non-commercial reasons including its size,
species, or form.

condition, but with a basal hole as opposed to a hole
somewhere up on the trunk or bole, may be candidates for
leave trees. The reason for this is that damage to the wood
from this source always moves down in a tree, and, if the decay
moves up, it does so very slowly. Such a tree could easily grow
through another harvest cycle with considerable additional
increase in volume but with much less increase in the measured
defect.

Vigor—The overall health of each tree is considered. To be
retained, a tree must be growing well. For example, red oaks

must have a tight, relatively smooth bark with little difference
between the bark ridges and valleys. This indicates a strong,
healthy tree that is putting on good diameter growth. In this
example, the bark indicates that the tree is healthy and growing
rapidly. The tree should have a good, relatively thick, healthy-
looking crown in relation to its size and position in the stand. A
positive assessment indicates an ideal leave tree.

Site—The forester considers the conditions of the site on which
the tree is growing, including slope position, aspect, soil type,
and soil depth. During a day of marking, site conditions will
change several times along and across a given hillside. These
changes may be from a dry ridge top to a moist north cove

to a warm west hillside. Marking is designed to encourage

and leave those species best suited to each particular site
condition. Therefore, marking for a single-tree selection harvest
requires the continual assessment of site quality and species
composition, with the goal of favoring those species that will
survive adverse conditions between now and the next harvest
cycle. Each harvest is directly related to growth rate as well as
the standing volume. For example, a higher volume could be
cut from the faster growing cove site than from the drier ridge
top. Making these adjustments during marking compensates for
varying growth rates and is consistent with the naturally higher
stocking possible on better sites.

Stand Position and Density—Consider an individual tree’s
position in the stand when determining which trees to cut.
Legitimate reasons exist to cut both poor and good trees,
depending on localized stand conditions. There are two primary
reasons why trees otherwise considered to be leave trees
might be cut. Trees that have become suppressed for prolonged
periods of time are often of poor quality, and do not respond
well to release; as such, they are poor candidates to leave until
the next harvest entry. On the other hand, a desirable tree may
also be a candidate for removal via thinning in order to give
other more desirable trees in close proximity room to grow.

Cull and Snag Trees—Cull trees are defined as living trees
where more than 50 percent of the total volume is defective
from a merchantability perspective. Snag trees are standing
dead trees and have no commercial value. However,
maintaining a component of defective, dying, and dead trees
within the forest is considered a very important measurable
benefit for wildlife. Thus, no attempt is made to remove all
dead and dying trees from the forest. Individual merchantable
trees showing signs of use for dens or nests by forest-
dwelling mammals, birds, and reptiles are almost always left.
Merchantable trees with no apparent wildlife use may be
salvaged or left, depending on the density and distribution of
culls and snags within the area. Trees of no merchantable value
and no value for wildlife may be felled where they interfere
with the growth of a desirable leave tree.

When Several Adjacent Trees Are Candidates for Removal or
Leaving—When a small group of trees is under consideration for
marking, and the criteria above do not make the choice clear,
then choosing which trees to mark and which to leave becomes
a matter of thinning. With all other factors appearing equal,
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this decision would prioritize the observed spacing within the
group and, by removing one or more trees, would provide more
opportunity for the leave trees.

Succession

From reviewing the literature on uneven-aged management at
sites other than Pioneer Forest within the Central Hardwoods
Region and elsewhere, the greatest error in application of
single-tree selection seems to occur from overcompensating
for succession. This happens when more attention is placed on
managing for recruitment of seedlings on the forest floor than
in managing the forest at hand. This perception has led others
to favor group selection (Law and Lorimer 1989, Johnson 1992,
Johnson and others 2002). Yet other researchers (e.qg., Becker
and Corse 1997) warn that using single-tree selection and group
selection together could allocate more growing space than
necessary for new regeneration in ponderosa pine forests.

Foresters have, for many years, assumed that oak forests here
in the Missouri Ozarks would trend toward some combination

of sugar and red maple (Acer saccharum Marsh. and A. rubrum
L., respectively), along with other species such as basswood,
blackgum, and dogwood (Cornus florida L.) (Law and Lorimer
1989) where these forests either were not managed or where
management did not create large enough openings for sufficient
light to provide for regeneration. Outside the Ozarks, where soils
are deeper such as in the River Hills region of Missouri, there
are forested canopies composed of a significant percentage of
sugar maple. Shifley and others (1997) report three examples
from north Missouri, two of which have sugar maple along

with oak species as dominant and one with oak and other
species dominant in the overstory. In one instance, one of the
present authors measured an unmanaged forest canopy from
north Missouri where sugar maple dominated. This was from

a transect where sugar maple comprised 70 percent canopy
coverage (Iffrig and Elder 1978). Data from another source
indicated the canopy from this same north Missouri forest was
90 percent sugar maple (Weaver 1977).

Such evidence indicates that oak-hickory forests on higher
quality sites, and perhaps on unmanaged forests, may show
succession tendencies toward shade-tolerant nonoak canopies.
However, if this were true for the Ozarks, then one would expect
to see examples of nonoak canopies, particularly for the oldest
aged canopies on the highest quality sites within the region. But
this is not apparent on Pioneer Forest. For example, the canopy
trees on the Current River Natural Area, located on Pioneer
Forest, are oaks that range in age from 250 to 400 years, with
the earliest ring width indicating they had regenerated under a
full canopy, that is, in shade (Personal Communication. Richard
P. Guyette, Associate Professor, University of Missouri, Columbia,
MO 65211). This particular site is situated at the lower end of a
north slope, and evidence indicates it has never been harvested.

Several anecdotal examples are instructive in further
understanding the replacement dynamics within these oak-
hickory-pine forests. Dogwood flourishes on the forest floor
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and frequently forms thick shrub canopies within the forest
through which oak saplings grow to replace other oak as canopy
dominants. Counts of seedlings on the forest floor have shown
particularly high numbers of blackgum, elm, maple, sassafras
(Sassafras albidum (Nutt.) Nees), and dogwood competing
along with equally high numbers of canopy replacement species
of black oak, white oak, and hickory (table 2). The data from
table 2 suggest that oak, hickory, and even pine are highly
competitive on these sites. Scarlet oak, even from relatively
small stem counts, maintains its presence while growing into
the larger diameter classes. Perhaps most interesting is that
shortleaf pine seems to be able to compete into larger diameter
classes under single-tree selection management. A particular
species representation on the forest floor does not seem to be
an accurate indicator of its future presence in the forest canopy.
Following 50 years of data collection across thousands of acres
of forest, we know of no evidence from the Missouri Ozarks
where canopies, which have been dominated by oak, hickory,
and pine for centuries, show measurable and significant change
away from this historic composition.

Light

One requirement for successful regeneration is the presence of
both direct and diffuse light. Harvest activities allow direct light
to penetrate the forest canopy where a tree has been removed.
Harvesting one or a few trees creates canopy gaps that vary

in size but occur in an irreqular pattern across the landscape.
Light penetration continues for some time into the future until
each canopy gap is eventually filled in. Diffuse light is also
continuously present within the forest by being transmitted
through smaller gaps in the canopy (such as dead limbs or
spaces between adjacent trees), as well as by being reflected
off of the leaves, trunks, and limbs of the trees within the forest.

Our experience with successful uneven-aged management at
Pioneer Forest has shown that removing groups of trees from
any given area is not necessary to promote the penetration of
sunlight to the forest floor. Replacement of the canopy, primarily
by oak and pine, has always been a result of the canopy gap
dynamics occurring as a result of periodic harvest of one or
more trees. Thus, the light environment promoted by removing
individual trees appears to be sufficient to sustain regeneration
in these forests.

Forests under single-tree selection cutting benefit from a
continual provision of light as a built-in component of this
method of forest management. Both direct and diffuse light
reach the forest floor as trees are removed during each harvest
entry. These sources of light continually shift in space and time.
Whereas the actual source for light within the forest may vary
(because of the heterogeneous nature of providing light energy
through single-tree selection management), the provision of
light is automatic. In this manner, light continuously influences
the development and maintenance of the forest structure under
this method of management.
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Table 2—Stemsi/trees per acre for all species measured from the 2002 continuous forest inventory ?

Diameter class”?

Species 0 2 4 6 8 10 12 14 16 18 20 22 24 26+ Total
Black oak 224.4 3.9 1.8 40 47 37 27 15 07 03 01 00 0.0 0.0 2479
Red oak 2041 04 02 06 1.3 i1 06 07 03 02 01 01 00 0.0 25.8
Scarlet oak 79.2 44 25 44 37 34 24 14 07 03 01 00 00 00 1028
Blackjack oak 3.2 09 03 0.1 01 00 00 00 00 05 00 00 00 0. 5.2
White oak 423.8 365 177 200 111 62 29 19 11 00 01 O1 00 00 5214
Chinquapin oak 15.3 4.4 i7 04 04 04 00 00 0O 00 00 00 00 0.0 22.6
Bur oak 0.0 06 06 00 00 00 0O 0O 00O 0O 0O 00 00 O0.0 1.2
Post oak 14.9 4.1 14 20 12 10 06 03 00 00 00 00 00 0. 25.6
Shortleaf pine 16.1 1.5 12 32 36 40 30 17 07 02 00 00 0.0 0.0 35.2
Cedar 2041 3.3 1.6 17 08 03 02 00 00 00 00 00 00 0.0 28.0
Hickory 2963 125 23 62 37 23 09 05 01 00 00 00 00 0.0 32438
Blackgum 2398 247 43 1.1 02 01 00 00 00O 00O 00 00O 00O 00 2703
Sycamore 4.0 8.4 1.1 0.1 0.1 01 00 00 00 00 00 00 0.0 0.0 13.8
Hackberry 0.7 04 041 00 00 00 00O 0O 00O 00 00 00 00 o0 1.2
Elm 351.8 24 0.8 i0 04 02 01 00 00 00O 00 00 00 0.0 356.6
Ash 19.2 39 06 03 02 02 01 00 0O 00 00 00 00 o0.0 24.4
Birch 0.1 04 01 00 00 00 00 0O 00 0O 00 00 00 0.0 0.6
Cottonwood 0.0 00 00 00O 00 00 00O 00 0O 00O 00 00 00 0.0 0.0
Boxelder 21 00 00 o000 00 00O 00 00O 0O 00 00 00 0.0 0. 2.2
Basswood 0.5 00 00 00 00 00 0O 0O 0O 00O 00 00 00 0.0 0.7
Locust 0.0 0.1 0.1 00 00 00 00 0O 00 0O 00 00 00 0.0 0.2
Maple 634.8 4.7 1.6 18 06 02 00 00 00 00 00 00 00 0.0 6437
Black walnut 3.1 8.3 i4 04 03 01 01 01 00 00 00 00 0.0 0.0 13.8
Butternut 0.0 0.1 00 00 00 00 00 00O 00O 00 00 00 00 0. 0.2
Sassafras 517.9 18 04 03 61 00 00 00O 00 00 00O 00 00 0.0 5204
Dogwood 4300 127 12 04 00 00 00 00O 00O 00 00 00 00 00 4444
Redbud 44.9 64 04 0.1 00 00 00 00 00 00 00 00 00 o0.0 51.8
Ironwood 56.3 15.2 1.1 03 00 00 00 00O 00O 00 00 00 00 0. 72.7
Persimmon 0.9 1.3 041 0.1 00 00 00 00 00O 00 00 00 00 o0.0 2.5
Willow 0.8 1.5 0.1 00 00 00 00 00O 00 00O 00 00 00 0.0 2.4
Mulberry 0.7 06 02 00 00O 00 0O OO 0O 0O 00O 00O 00 O0.0 1.5
Buckeye 0.5 00 00 00 00 00 OO 00O 0O 00O 00 00 00 o0 0.6
Blackhaw 19.1 o2 00 00 00 00 00 OO 00O 00 00O 00 00 o0.0 19.3
Serviceberry 33.7 1.1 0.1 0.1 00 00 00 00 00 00 00 00 00 o0 35.0
Black cherry 18.3 i3 03 02 02 00 00 0O 00 00 00 00O 00 0.0 20.4
Sweetgum 1.0 1.0 0.1 00 00 00 00 00O 00 00 00 00 00 o0 2.1
KY Coffeetree 0.1 0.6 0.1 00 00 00 00 0O 00O 00 00 00O 00 0.0 0.8
Plum 0.0 02 00 O00 00 00O OO OO 0O 00 00 00 00 o0 0.2
Hawthorn 2.2 02 00 00 OO 00 00 OO 0O 00O 00 00 00 O0.0 2.4
Mimosa 0.0 00 00 00 00O 00 00 00O 00O 00O 00 0.0 0.0 00 0.1
Buckthorn 2.7 0.1 00 00 00 O00O 00 00O 00O 00 00 00 00 0.0 2.8
Farkleberry 1.6 0.1 00 00 O00O0 00 00 00O 00O 00O 00O 00O 00 0. 1.7
Hornbeam 0.1 03 00 00 OO 0O 00O OO OO 0O 00 00 00 0.0 0.4
Pawpaw 86.7 09 00 00 OO 0O 00O 00O OO 0O 00 0.0 00 0.0 87.6

Totals 3,5871 1717 455 488 328 234 138 82 37 16 04 02 00 0.0 39374
Q-factor 1.69 190.0 1125 665 394 233 138 82 48 29 17 1.0 10

@ Diameter class n contains trees from n.0-(n+1).9, inclusive.
b The diameter for stems < 1.6 inches was measured at the root collar and for stems >1.6 inches was measured at breast height.
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Other research on various oak species has suggested that shade
tolerance may not be as fixed as often suggested (Johnson and
others 2002). McGee (1976, 1988, 1997) has shown that oaks
adjust to variation in light conditions by shifting the timing

of their spring budbreak, based on their exposure to light
during the previous year. Seedlings and saplings beneath a
forest canopy begin growing earlier in the spring than open-
grown oaks when light and moisture conditions are the most
favorable. McGee (1997) found this same response in several
oaks—namely, white, black, scarlet, post (Q. stellata Wangenh.),
chestnut (Q. prinus L.), and northern red oaks. McGee (1986)
also found this same response in hickories, red and sugar maple,
and white ash (F. americana L.).

The highly irregular but constant provision of direct light
through single-tree selection management may be the key to
understanding the positive response of many species to this
method of forest management in the Missouri Ozarks.

Regeneration

Single-tree selection on central hardwood sites, by its nature, is
sustained by the accumulated regeneration of desirable species.
The ability of oaks to accumulate in the understory has been
well documented. As Johnson and others (2002) have pointed
out, the early development of a large taproot and delayed
shoot growth are characteristic of all oaks. Previous research has
shown that oak seedlings sprout and grow, and then die back,
repeating this response for many years while building a taproot
(Johnson and others 2002). Dey and Guyette (2002) offer a
brief review of oak regeneration ecology, pointing out that

oaks are well adapted to repeatedly produce new sprouts from
dormant buds located at the root collar. This root collar is often
located beneath the soil surface and is naturally protected from
such disturbances as low-intensity fire and some herbivores.
With this adaptation, oak seedlings sprouted from acorns can
develop beneath a forested canopy for decades, capable of rapid
response to changes in light availability. Their response is to re-
allocate energy from root into shoot development (Johnson and
others 2002, Dey and Guyette 2002).

The cutting cycle used in single-tree selection harvests on
Pioneer Forest is not long enough to allow the canopy to
completely close, a condition that could, over long enough
periods, result in a loss of oak regeneration and therefore

a change in canopy species composition. Each cutting cycle
reopens the canopy whereupon seedlings and stump sprouts,
with well-developed taproots, are ready to capture the hole
created in the canopy. Since the canopy gaps resulting from
single-tree selection harvesting are small, the recruitment

and regeneration present on the floor at any given time may
number only a few saplings with perhaps a higher number of
seedlings and sprouts. These numbers are small when compared
to reproduction numbers using even-aged forest management.
However, the young seedlings and saplings survive in sufficient
numbers to replace the correspondingly smaller number of
individual trees that are removed during each harvest.

Describing Single-Tree Selection Harvests in Missouri Ozark Forests

Unlike even-aged management, where establishing
regeneration is a one-time event, single-tree selection harvests
provide for regeneration with each entry. This maintains

the range of age classes characteristic of this technique of
management.

Reducing Disturbance Effects and Harvest
Damage to the Residual Stand

Under uneven-aged forest management, abiotic variables,

such as percent canopy coverage, temperature, and humidity
show measurably fewer changes among the trees than in
forests under even-aged management (San Diego 2001).

This reduced environmental variability provides for increasing
stability to forest structure through time (when compared to the
change created from even-aged management methods) and
represents a unique opportunity to restore and then maintain

a forest condition in the landscape. However, protecting leave
trees during successive harvests and until maturity requires
deliberate and careful application of specific cutting and
removal techniques when compared to other methods of forest
management. Table 3 describes such techniques for reducing
damage from harvesting within the forest.

Age, Composition, and Resistance of the Canopy

Successful use of single-tree selection depends on the continual
development of all of the age classes present within the forest.
The oak-hickory-pine forests in the Ozarks represent one of the
oldest natural communities within the region. The biological
lifetimes of dominant canopy species range from scarlet oak
and black oak at 80 to 100 years, and northern red oak at 90

to 130 years, to shortleaf pine at 200 to 300 years, to white
oak exceeding 350 years (Personal communication. Richard P.
Guyette, Associate Professor, University of Missouri, School of
Natural Resources, Columbia, MO 65211). Runkle (1990) studied
the spatial pattern of disturbance in old-growth forests and
found the annual rate of canopy gap formation ranged from 0.4
to 0.2 percent for various temperate hardwood forests. Dey and
Guyette (2002) estimated from these data that the turnover

of the canopy in these forests studied by Runkle would occur

in less than 250 years. Similarly, here in the Ozarks, LaVigne
(2002), using a life history table, calculated the statistical

range of age for the forest canopy on Pioneer Forest between
189 to 228 years. The range LaVigne describes is comparable

to a 95-percent confidence interval with single-tree selection
harvesting as the only source of mortality for trees that form
the canopy. Rather than prescribing an arbitrary canopy rotation,
single-tree selection harvesting allows individual species, as
well as individual trees, to fully develop and mature within

the forest over rather long periods of time, while providing
managers the opportunity to utilize potential mortality.

Furthermore, these forests, which are managed using single-
tree selection harvesting, seem to provide for a more natural
composition of species, indicative of a particular site’s
capability. Our own sampling data from the Continuous Forest
Inventory show that among various canopy species those most
characteristic of pre-European settlement conditions are
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Table 3—Techniques for reducing damage within the forest

1. Require that the felling and skidding operations work together, beginning at the
bottom of a hill and proceeding to the top.

2. Mark each tree to be removed on both its uphill and downhill sides. Mark the uphill
side at chest height and mark the backside at the base of the tree. Marking the
backside of the tree allows the skidder driver to use marked trees as pivot points
when a load needs to be turned, thereby reducing or eliminating damage to higher
quality leave trees remaining in the forest.

3. Have sawyers trained in using directional felling. This is the ideal cutting technique
for single-tree selection harvests, significantly reducing damage to the residual
stand, as well as improving both production and safety. Directional felling reduces
damage within the forest, as well as the potential danger from hanging up, as well
as fiber pull, and splitting. An especially good overview of these ideas and the
technique are found in Maine Employers’ Mutual Insurance Company’s Production
Felling Through Safety (1994).

4. Reuse ridge roads and skid trails for removing logs and for equipment access.
Require single lane for skid trails and keep improvements to a minimum.

5. Avoid late winter and early springtime operations while the sap is moving or when
roads and skid trails are particularly subject to rutting and erosion. This simple
technique will minimize rutting of roads and excessive bark damage on leave trees.

regaining a stronger presence in the canopy. Shortleaf pine and
white oak, which were the focus of the earliest cutting in the
Ozark Region, have shown a marked increase in the volume

of saw log trees per acre (Iffrig and others 2004). White oak,
perhaps the most impressive Ozark forest canopy species, has
increased slowly, but over the past 25 years has more than
doubled in its volume per acre (Iffrig and others 2004).

The nature of periodic entries used during single-tree selection
cutting also seems to provide a more favorable environment
where competition is substantially and regularly reduced. This is
accomplished during each entry, which removes approximately
40 percent of the standing volume and 60 percent of the annual
growth. Jenkins (1992), in studying oak decline on this and
another forest, suggested that the factor of reduced competition
might be advantageous, particularly in situations where
mortality affects a particular age or species class. In other words,
“at risk trees” are continuously removed from these forests

and the variability, which is maintained through this method

of management, thereby greatly reduces certain risk factors of
catastrophic oak decline and mortality.

CONCLUSION

In addition to researching the many silvicultural aspects of
single-tree selection management, there is also a body of

other research demonstrating positive conservation, social, and
economic influences that have resulted from its use. Over the
past 50 years, uneven-aged management and the use of single-
tree selection harvesting have proven to work, both as being
ecologically and silviculturally appropriate, and as providing a
strongly positive forest management application for the central
hardwoods region.
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PIONEER FOREST: IN THE HEART OF ROUGHNESS

Richard P. Guyette and Michael C. Stambaugh’

Abstract—Landscapes in the Ozarks vary greatly with respect to surface topography. Some are very rough and steep, while others
are rolling and smooth. Landscape roughness or topographic roughness mitigates and slows the movement and propagation

of humans, fire, and commerce across the land. The degree of landscape roughness can be quantified as indices of topographic
roughness, calculated here as the ratio of the surface of the earth measured with large and small surfaces. Maps of indices of
topographic roughness indicate that Pioneer Forest is one of the roughest landscapes in the Ozark Highlands region of Missouri.
Topographic roughness insulates forests from many types of human and natural terrestrial disturbances such as wildland fire. Here,
we define and calculate topographic roughness and discuss the relevance of topographic roughness to the natural heritage and

silvicultural practices of Pioneer Forest.

PROLOGUE

On the road to Mauser Mill one gets a feel for landscape
roughness. The road is bumpy and rocky in every sense of the
word. Sharp curves and steep short hills slow the rate of travel,
accelerate vehicle wear and tear, and turn back the faint and
ill-provisioned. Forests on each side of the road drop down out
of sight and define a landscape almost intimidating to the social
psyche. Here lies Pioneer Forest ‘in the heart of roughness’; a
landscape that has resisted the pressures of human population
and disturbance for millennia.

INTRODUCTION

Some two decades ago at the Missouri Botanical Garden’s
Ridgeway Center, an exhibit described the art and sciences that
use old trees and tree-rings, in particular eastern red cedar
(Juniperus virginiana). This exhibition was inspired by the many
old eastern red cedars of the Leatherwood Creek area located
on Pioneer Forest. We thank Leo Drey for the preservation of
such wildlands and forests and for the opportunity to work in
this great natural library. Research on landscape ecology that

is published and stored in the human libraries of the world

and partially derived from the tree rings and forests of Pioneer
Forest and the Missouri Ozark Forest Ecosystem Project (Guyette
and others 2002) is presented in this paper.

Dendrochronology is the technique of using the annual woody
growth increments (e.g., tree rings) of trees to date wood,
interpret the information contained in the rings, and answer
environmental and cultural questions. Crossdating is the crux
of dendrochronology and allows for annual precision in the
dating of tree rings and injuries from both live trees and long
dead wood. The research presented here began with a tree-
ring data base of fire scar occurrence from Pioneer Forest,
State forestlands, and the Ozark National Scenic Riverways.

A landscape analysis of tree rings, wildfire, and topography

is used to address the effects of topographic roughness on
Pioneer Forest. We show in a quantitative manner why Pioneer
Forest is the ‘heart of roughness’, and how this has affected its
forests. This rough landscape has likely slowed the propagation
of people, disturbance, and particularly wildland fire for
thousands of years. Topographic roughness inhibits many of
the most important causes of disturbance to forest canopies.

If forest management objectives include understanding or
mimicking processes of past ecosystems, then an analysis of
the topographic roughness of this landscape can yield insightful
conservation and silvicultural guidelines. The objectives of this
research are to define and calculate topographic roughness

in and around Pioneer Forest and to discuss the relevance of
topographic roughness to the natural heritage and forestry of
Pioneer Forest.

METHODS

Topographic roughness is a relative measure of variability in

a landscape surface. Irregularities in the landscape influence
the propagation and behavior of fire, particularly in the highly
dissected landscape of the Current River region (Guyette and
others 2002). In highly dissected landscapes, the propagation
of low intensity surface fires across hills and valleys is lessened
as the spread rate is slowed and as fire moves downslope
because preheating of fuels is less than preheating as fires
move upslope. In addition, ravines, creeks, and rivers break
fuel continuity, and fuel moisture content increases on northern
aspects. We used indices of topographic roughness to reflect
topographic inhibition of the propagation of fire across the
landscape.

Indices of topographic roughness were developed using
Geographic Information Systems (GIS) by comparing surface area
measurements made with two different sized scales. A circle,
5000 meters in diameter, is identified on a digital elevation
model (DEM). The surface area of the earth circumscribed by
this circle is calculated using a 30-m cell (i.e., small scale).

Cell slope and a trigopnometric conversion are used to estimate
the area of the uneven land surface. The cell surface areas

are summed and used as an estimate of the uneven surface
area of the landscape enclosed by the circle. This estimate is
divided by the planimetric surface area (i.e., large scale) of a
circle that is 5000 meters in diameter. This ratio of the small-
scale surface area to the large-scale surface area is the Index

of Topographic Roughness. In short, the topographic roughness
value of an individual place represents the amount of variability
in the landscape surface around that place. We describe the
relationship between historic mean fire intervals and their
respective topographic roughness indices using correlation
analysis.

" Richard P. Guyette, Associate Professar, and Michael C. Stambaugh, Research Specialist, University of Missouri, School of Natural Resources, Columbia, MO
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RESULTS AND DISCUSSION

Topographic roughness index values are classed and mapped
for the region in and around the Current River Hills (Nigh

and Schroeder 2003) and Pioneer Forest (fig. 1). Topographic
roughness increases from horizontal and rolling landscapes (fig.
1, lighter shaded areas) to rough and steep landscapes (fig. 1,
darker shaded areas). Index values range from approximately
1.000 (i.e., perfectly smooth and level) to 1.044 (i.e., rough) in
this region.

The topographic roughness map (fig. 1) illustrates that Pioneer
Forest is one of the roughest regions in the Current River Hills
and located within a topographically rough region, the Ozark

331 "-3 .'ﬁ“'

""_ﬁ'};‘JAkers
pe
- -ilﬂ/\J.
a5

Summersville

TP
‘

.

Eminence
~N

Winona
®

1.000-1.004
1.0041-1.008
1.00911.014

1.0141-1.018

Topographic
Roughness
Index

1.0291-1.034
1.0191-1.024 [ 1.0341-1.039
1.0241-1.029 | 1 0391-1.044

Highlands. The topographic roughness of the region is due to
the erosion of bedrocks and soils by precipitation and the down
cutting of streams and rivers. Complex subsurface geology,
such as the near surface Precambrian geology that underlies
the Current River Region, can create variable uplifting and
fracturing of surface sedimentary rocks. Surface and ground
water hydrology may cause variable patterns of erosion and
topographic roughness. For example, just southeast of Van
Buren (fig. 1) is an area of topographic roughness we termed
the “Big Springs butterfly”, a pattern in topographic roughness
that is underlain by a peak in subsurface Precambrian igneous
rock (Kisvarsanyi 1981). Pioneer Forest just south of Mauser’s
Mill is anomalously topographically rough. This area is underlain
by a ring intrusion of granite that may contribute to increased
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Figure 1—
Variation in
topographic
roughness in
the Current
River region.
The lighter
shades
represent
topographically
smooth
landscapes,
whereas the
darker shades
represent
rough
landscapes.
The regions of
large Pioneer
Forest holdings
are circled with
dashed ellipses
and have some
of the highest
calculated
topographic
roughness
indices values.
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topographic roughness. These examples are evidence that
riparian erosional processes, surface bedrock, and subsurface
geology influence topographic roughness.

Topographic roughness mitigates the rate and movement of fire,
vehicles, commerce, and human travel. This mitigation is evident
in fire history data (Guyette and Dey 2000) and the speed limits,
curvature, surface type, and distribution of roads. Thus, many

of the anthropogenic disturbances to the forest canopies are
minimized by the reduced fire frequency and access in areas
surrounded by landscapes with high topographic roughness.
Topographic roughness is likely associated with many biological
processes. The association with different variables is both causal
and incidental. For instance, topographic roughness may be
associated with the slope of a site but has little to do with slope
effects on soil hydrology that influence the abundance of certain
plants. On the other hand, there are causal relationships, such
as the direct effect of topographic roughness on the rate of
propagation of surface fires, which are the primary objective of
quantifying and mapping topographic roughness. There are also
the secondary effects of topographically mitigated disturbance,
such as the size of a canopy disturbance, canopy density, and
forest structure.

Figure 2—
Reconstructed
mean fire
intervals

for part of
Pioneer Forest
between 1700
and 1780 that
are partially
modeled with
topographic
roughness.
(Guyette and
others 2003)

Mean Fire 5-10

Interval (yrs.) 11-20

Pioneer Forest: In the Heart of Roughness

Topographic roughness has been associated with mean fire
intervals (Guyette and Dey 2000, Guyette and others 2002).
The relationship between topographic roughness and the

time between fires was positive, particularly when human
population densities were low (Guyette and Dey 2000). Fire scar
chronologies within Pioneer Forest have some of the longest
mean fire intervals in the Current River region during the period
just before Euro-American settlement circa 1820 (Batek 1999).
For example, the mean fire interval between 1620 and 1700
for Big Creek (16 years) in the heart of Pioneer Forest is 3 times
longer than that of Hartshorn State Forest (5.3 years), a more
topographically smooth region to the east. During more recent
and more densely populated periods, this difference disappears,
and fire intervals at both sites shorten to 2.8 years by the late
1800s.

A portion of Pioneer Forest (fig. 2) was mapped for mean

fire intervals (average time between fires in a 1.5-km area)
during the period 1700 to 1820. This map was calculated from
regression equations that used several thousand fire scars,
indices of topographic roughness, fuel quantity, fuel moisture,
and human population density (Guyette and others 2003).
Modeled mean fire intervals on this part of Pioneer Forest
ranged from about 10 to 50 years. These intervals are up to 10
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times longer than those calculated for less topographically rough
areas of the Ozarks.

The topographic roughness map (fig. 1) shows that Pioneer
Forest is in one of the most topographically rough landscapes in
the Ozarks. This has several implications for conservation plans
and forest management practices given that management goals
are designed to mimic the historic disturbance regimes, such as
the frequency of fire. Three important points may be considered
when comparing forest management to forest disturbance

with the disturbances estimated from pre-Euro-American fire
frequency and topographic roughness.

1. Fire disturbance was less frequent at Pioneer Forest

in comparison to much of the greater Current River Hills

region because of the relatively high degree of topographic
roughness. This was particularly the case prior to 1820 when
the propagation of fire contributed greatly to the fire frequency
in a given location. The role of fire in influencing vegetation
was reduced, particularly in the Big Creek vicinity of Pioneer
Forest, because of the low frequency of fire. A reconstruction

of the vegetation in this area from General Land Office Survey
notes (1815-1850) showed a dominance of white oak (Quercus
alba) in a closed canopy forest structure (Batek and others
1999, Hughes and Nigh 2000) relative to many adjacent forests.
White oak, which is shade tolerant and fire sensitive, was
competitive in this low frequency disturbance regime. Forest
management that mimics the historic frequency and size of
canopy disturbance would likely maintain a more closed canopy
structure. For example, tree harvesting would be limited to
small areas where there were single-tree or small group canopy
disturbances. The removal of one to several trees from any
given area is a management approach already employed by
Pioneer Forest’s single tree selection practices. The silvicultural
practice used on Pioneer Forest mimics the scale of the pre-
Euro-American canopy disturbance regime as predicted by
corollaries of topographic roughness and as supported by studies
at the MOFEP sites (Guyette and Kabrick 2002).

2. Topographic roughness and legacies of its effects likely

have long-term influence on forest communities, particularly
resident populations of forest interior wildlife. At Pioneer Forest,
conservation and temporal continuity of certain indigenous
species would be maintained or promoted with small-scale
disturbances as they would represent the long-term disturbance
frequency related to topographic roughness. Topographic
roughness may be positively correlated to forest bird territories
in the Ozark region (Guyette and Kabrick 2002).

3. If Pioneer Forest lies in the most topographically rough region
of the Ozarks and has the least often disturbed forest canopy
and litter layer in the Current River Hills, we would expect to
find an abundance of species that are sensitive to disturbance,
particularly to fire. This hypothesis has been tested and seems
plausible for many ecosystem variables measured at the MOFEP
sites (Guyette and Kabrick 2002).
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INVERTEBRATE COMMUNITY STRUCTURE AND FOREST
MANAGEMENT IN THE MISSOURI OZARK LANDSCAPE

Gerardo Camilo and Nick San Diego’

Abstract—Disturbance is important in the context of ecosystem diversity, but little is known about the effects of forest management
on invertebrate insect communities. We estimated arthropod species diversity in terms of species richness, abundance and
evenness at several spatial scales under clearcutting, single-tree selection, and preservation management regimes in the Missouri
Ozarks. A total of 121 taxonomic groups and 22,000+ arthropods were identified and catalogued. Overall species diversity among
treatments was not significant either at the micro-scale or meso-scale level. However, principal components analysis effectively
segregated the clearcut community from the other two communities. Results suggest that the type of forest management practiced
does significantly affect overall forest and leaf litter arthropod community structure in terms of scale and diversity. The single-tree
selection harvest within Pioneer Forest generates a spatial gradient throughout the landscape, creating conditions most suitable for

diversity to be maximized.

INTRODUCTION

The current paradigm in ecology is that disturbance plays

a critical role in maintaining diversity within ecosystems

(Sousa 1979, Pickett and White 1985, Willig and others 1998,
Schowalter 2000, Camilo and Zou 2001). Too little disturbance
may displace poor competitors whereas too much may create
conditions unfavorable for most organisms (Sousa 1979, Runkle
1985, Filser and others 1995, Bengtsson and others 1997). The
scale, intensity, and frequency of disturbance, then, contribute
greatly to how communities are structured (Willig and others
1998). Less commonly known is how disturbance is transferred
into spatial gradients (Wootton 1998). Macroscale studies

have illustrated that change in the plant community along
environmental gradients also induces change in the composition
of the microarthropod community (Hagvar 1982). On a smaller
scale, the arthropod community in microclimate conditions is
affected by spatial heterogeneity (Poole 1962).

Critical to a forest ecosystem is the role that the invertebrate
community plays in the decomposition of organic matter and
maintenance of soil structure. It is estimated that up to 90
percent of a forest’s net primary production returns to the soil
where leaflitter and topsoil faunas aid microbial and fungal
decomposers (Swift and others 1979, Coleman and Crossley
1996, Weaver and Heyman 1997). Biological and biochemical
energy can be dissipated back into the soil along shorter time
scales than by chemical or physical avenues that, via soil
formation processes, may take at least 10,000 years. The specific
properties of soil invertebrates, as well as environmental factors,
determine the rates at which this energy flows through the

soil ecosystem (Swift and others 1979, Jenny 1980, Lavelle

and others 1995). By studying the ecology of these animals,
scientists have come to understand that there are suites of
interaction integral to maintaining forest processes (Swift and
others 1979, Faber and Verhoef 1991, Ananthakrishnan 1996).

Forested systems are under extreme pressure to be harvested
(Annand and Thompson 1997, Herbeck and Larsen 1999,
Guyette and Larsen 2000). In western Oregon, the impact of
clearcutting has had an effect on the spatial patterns of soil

arthropods. Forest stand composition appeared to contribute
significantly to the spatial structuring of soil properties and,
therefore, invertebrate spatial structuring (Torgersen and others
1995). It is the purpose of this research to analyze how various
forest management practices have affected the community
composition of leaflitter invertebrates over ecological time.
Our working hypothesis is that the type of forest management
practiced over recent history has shaped the structure of

the leaflitter arthropod communities. Our objectives are to
characterize leaflitter invertebrate communities at each site
and to determine how changes in scale affect community
parameters.

MATERIALS AND METHODS
Study Sites

The Ozark Highlands are characterized by high plateaus, carved
by centuries of erosion; spring-fed streams have cut deeply into
the plateaus, shaping moderately rolling hills with local relief of
50-150 m, sometimes reaching 300 m. Soil composition ranges
from shallow unconsolidated materials over bedrock to very
deep, highly weathered soils in hillslope sediments or residuum
or both (Kabrick and others 2000). Oak-hickory and oak-shortleaf
pine forests and woodlands, oak savannas, bluestem prairies,
and glades make up the natural vegetation of the Ozark
Highlands. Bottomland and mixed upland hardwood forests
reside in large valleys and on adjacent sideslopes whereas the
prairies and savannas are situated on gentler slopes (Kabrick
and others 2000).

We sampled three forest management regimes in the Missouri
Ozarks; preservation (Current River Natural Area, 37°15'N,
91°15'W), single-tree selection (Pioneer Forest, Inc., 37°18'N,
91°23'W), and clearcutting (Reis Biological Station, 37°56'N,
91°10’'W), each of which has maintained their respective
treatments since the early 1950s.

' Gerardo Camilo, Professor of Biology, and Nick San Diego, Graduate Student, Saint Louis University, St. Louis, MO 63103-2097.
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Experimental Design

Within each site, three 20- by 20-m (= 400 m?) plots were
demarcated with flags and PVC stakes. Each plot was further
subdivided into 16 smaller subplots (5 by 5 m). Forest structure
was estimated measuring abiotic parameters, vegetative
composition, and understory vegetation profiles. Ambient
temperature (°C) and percent relative humidity were recorded
at the base of each subplot corner using a digital thermometer.
Percent canopy cover, using both convex and concave mirrored
densiometers, was also estimated for each point. Within every
5- by 5-m subplot, trees were identified to species and diameter
at breast height (d.b.h.) was measured. Foliar volume was
measured using a 3-m PVC pole with 0.5-m dowels attached
perpendicularly at 0.5-m intervals along the length of the pole.
Rotating the pole 360° at each flag, the number of touches
made at each height increment was recorded (Secrest and
others 1996).

Within each 400-m? quadrat, we collected litterbag samples at
random from 10 of the 16 subplots. The sampling area in each
subplot was approximately 0.25 m by 0.25 m (or .06125 m?).
Within each transect, 20 of the 32 subplots were randomly
sampled in the same manner. These leaflitter collections were
taken once each summer for 1999 and 2000. Each leaflitter
sample was processed through Berlese funnels, a high-gradient
extractor (Winter and Voroney 1993), which separates the
fauna from the litter. Eventually, the litter desiccated, and the
fauna dropped down into a 70- percent ethanol solution. After
separation, these specimens were identified and cataloged to
at least family. Mites, an ubiquitous group of organisms with

up to 50,000 described species (Walter and Proctor 1999),
easily qualified as a candidate for morphospecies identification
(Camilo and Zou 1999). The concept of “taxonomic sufficiency”
identifies organisms to a level of taxonomic resolution adequate
enough to satisfy a study’s objectives (Ellis 1985). Studies have
shown that this concept can be applied to ecological studies

of terrestrial invertebrate communities without sacrificing
estimates of species diversity or species turnover (Pik and others
1999).

Species Diversity Estimates

Analyzing arthropod species diversity in terms of species
richness, abundance, and evenness provides baseline
descriptions about community composition. In community order
studies, there are two types of information collected: (1) the
number of species and (2) the number of individuals in each
species. The Shannon-Weiner Index takes into account the
proportional abundance of species within a community giving
more weight to rarer species (Magurran 1988, Krebs 1989).
This function assumes that all species are represented from
random samples and measures the uncertainty of correctly
predicting the species of the next individual collected (Krebs
1989). Although the experimental design does not randomly
distribute subplots throughout the forest stands, the sampling
area used (0.0625 m?) is small enough relative to the landscape
that it could be considered random. Information indices such

as Shannon-Weiner are widely used because no assumption is

made about the underlying species abundance distribution curve
(Magurran 1988). Rank abundance curves, on the other hand,
plot the proportional abundance against rank of abundance
utilizing all the information gathered about the community
(Magurran 1988). This provides a more complete picture of
species abundance distribution among treatments than using
diversity indices alone (Krebs 1989, Stiling 1996). Distribution
curves can be likened to one of four main models (log normal
distribution, log series, geometric series, broken-stick) with each
highlighting a specific pattern of species richness and evenness
(Magurran 1988, Stiling 1996).

ordination Analyses

Ecological data are often multi-dimensional and can be arranged
in a matrix (e.g., with species as rows, treatments as columns,
and abundance as entries). Because there may be a lot of
redundant information (e.g., many species responding to the
same environmental gradient), only the most crucial dimensions
must be extracted. These techniques can provide diagrammatic
expressions of species composition pattern variation as well as
the relationship between species and environmental variables
(Palmer 1993). Principal Components Analysis (PCA) is an
indirect ordination method that is used to order arthropod
species and the three forest treatments in successive dimensions
without regard to environmental variability (Digby and Kempton
1987).

Canonical Correspondence Analysis (CCA) is a direct ordination
technique that was used to directly relate arthropod species
composition to the abiotic and vegetation gradients (Palmer
1993). CCA overlays the arthropod data onto the abiotic

and vegetation data resulting in a direct ordination of the
environmental factors that shape community composition (Digby
and Kempton 1987). What is generated, then, is a diagram
termed a tri-plot in which the environmental variables that
explain most of the variation within treatments are represented
by arrows. The length of the vector represents t