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Preface

These Proceedings are in partial fulfillment of a
Technology Transfer Plan on oak agreed to by
a number of parties in 1988. The plan called
for a symposium on oak regeneration. Oral
presentations based upon the papers in these
proceedings were delivered on September 9th
and 10th, 1992, in Knoxville, Tennessee.

A Core Team was selected to administer and
implement the Technology Transfer Plan, and
this Core Team served as the Steering
Committee for the symposium. An outline for
the symposium on oak regeneration was
developed and approved by the Core Team,
which then approved the subject for each paper
and decided upon the most appropriate author to
write and present the paper. The primary
objective was to carefully structure a program
that would address the problems and
opportunities associated with oak regeneration.
A secondary objective was to evaluate the
procedures used in this effort as means of
achieving technology transfer.

Each of the papers in the Proceedings received
technical and editorial review; all
reviewers’comments were made in the form of
suggestions, however. Therefore, the content
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and accuracy of each paper is the responsibility
of the author. Overall, the Core Team feels that
these papers accurately reflect the state of the art
for oak regeneration today. The Team suggests
that each reader take into account that some
conclusions and recommendations are reached
and made in a very dynamic environment. It is
expected that this symposium fills the need for
"results now."

The Core Team wishes to thank the sponsors,
authors, and reviewers. The Team especially
appreciates the moderators who not only added
their own expertise and credibility to the
program but did an excellent job keeping the
demanding schedule intact. Moderators included
Jack Pitcher, Hardwood Research Council; Bob
Rogers, University of Wisconsin; Bill Mahalak,
Michigan Department of Natural Resources;
Tony Parks, Anderson Tully Company; Gary
Schneider, University of Tennessee; Randy
Rousseau, Westvaco Corporation; and Charles
E. McGee, Center for Oak Studies.

The Core Team especially thanks Bill Hamilton
(USFS-Retired) and Tami Steppleton (USFS),
for their dedicated, persistent efforts to design,
assemble, and format these Proceedings.
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The Oak Regeneration Problem






ABSTRACT

INTRODUCTION

An Historical Perspective of Oak Regeneration

F. Bryan Clark, USDA Forest Service, Retired, Annandale, VA 22003

Concerns about oak management in the middle ages led to forest ordinances in
France designed to ensure oak establishment. Oak was an early export from the
American colonies because it was scarce and expensive in England. Probably the
first government sponsored forest research in the United States was attempts in
Florida in the early 1800’s to establish live oak (Quercus virginiana) for
shipbuilding. With the advent of technical forestry in this country there were
references in early papers and textbooks to oak regeneration and the shelterwood
method. This interest was primarily for academic study and followed European
descriptions, but some of the earliest oak regeneration research related to concerns
about areas without advance reproduction.

In the late 1930’s understory oaks were described in relation to past treatment. In
the 1950’s and 1960’s researchers and ecologists began to quantify oak
reproduction under various stand conditions on different sites. Mostly they found
lots of understory oaks, but there were exceptions. Researchers thought these
exceptions might be important and started to look more carefully at the response
of oaks to harvest cutting. Even-aged cuttings quickly showed that on good oak
sites without substantial numbers of vigorous advance oak the stands of the future
would be quite different. The new stands generally contained less oak. At the
same time observers noted that oak types were changing in some areas. More
recently, comparisons of repeat forest surveys show a decline of oak types in some
states. Increased prices for oak timber suggest that accelerated harvesting is adding
to the ecological changes taking place.

We find ourselves with a growing knowledge about oak ecology and silviculture
but without a convincing history of being able to prescribe with certainty ways to
increase the amount of oak in new stands. Considering the tremendous value of
oak forests there is an urgency to improve oak management and to give high
priority to long-term research.

Is oak regeneration really a problem? Experts believe that on many sites now
occupied by oak, regeneration will become increasingly difficult. How can that be?
Oaks are the most prevalent forest types in the United States and dominate much
of the East’s landscape. Volume growth exceeds commercial removals. It is even
more confusing to remember that the present stands were born out of very harsh
efforts to either convert forest lands to agriculture through fire and grazing or to
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mine them of timber with little or no concern for future crops. But it was these
very treatments plus the loss of chestnut (Castanea dentata) in the Appalachian
region that favored oak. Some recommended practices of the last 50 years favor
other species at the expense of oak, especially on moist sites where oak quality is
best. Paradoxically, we find oak on some of the areas we thought were
mismanaged in the past. I believe there is a pressing need for practical alternatives
to create conditions to favor oaks on the right sites without detriment to the land
or other forest resources.

The very physiologic and genetic characteristics that make oak difficult to establish
are the traits that have sustained it through centuries of insults. We have been too
impatient in dealing with oak, but there is emerging a better understanding of oak
culture. At the same time forest managers have joined users and researchers in
common concerns about the future of the oak resource. To understand the
complexities of oak regeneration, the status of current prescriptions, and the best
direction for future research and development, the Symposium organizers decided
to look at the past as prologue for this conference. I have drawn on selected
literature along with my own recollections. Consequently, this paper is a collage
of facts and personal experience.

To the first farmers of Europe thousands of years ago oaks and other trees were
the enemy, something to be girdled with stone axes and burned to make way for
crops and a better way of life. In contrast, native Americans living in eastern
forests did not rely as much on agriculture and clearing. Their biggest impact on
the oak forests related to fire they used or caused. In Europe, by Roman times,
oak coppice management regimes developed to improve wood supplies. By the
Middle Ages concerns about oak forests led to the French forest ordinances in the
13th Century that mandated practices to establish oak seedlings (Thirgood 1971).
Have the French known for hundreds of years what we have been "discovering"
over the past 30 or 40 years? Probably, but remember the first American foresters
were European-trained and undoubtedly were familiar with oak practices and
problems in France, Germany, and Great Britain. Oak was an early export of the
American colonies because it was becoming scarce and expensive in Great Britain.

Early American textbooks reflected European silvicultural systems including
shelterwoods and coppice. But, there were few references to oak management
problems in American forest literature until after the 1930’s. There are a number
of plausible reasons for this lack of concern: (1) Historically much of the
hardwood forest was an unwanted barrier to agricultural development; (2) After
several hundred years of harsh treatment and neglect oak trees were still plentiful
and there were no serious timber supply problems; (3) Protection and re-
establishment were the primary early forestry concerns; and (4) The very practices
of indiscriminate burning and overcutting that fostered the forest conservation
movement favored oak. It was not so much that we ignored oak regeneration
problems in the United States; we are following historical precedence of
abundance. We wait to respond to a problem that has emerged over a long time
until it has the potential to reduce future supplies. Considering the ecological,
economic, and social forces involved we must realistically expect a decline in the
oak forest types. However, it is certainly not "too late" to develop and extend the
necessary technology to maintain healthy and useful stands throughout the range
of oak.
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Specific concerns for oak regeneration in the United States go back at least to the
early 1800’s. Perhaps the first government sponsored forest research in this
country was to plant and tend live oak (Quercus virginiana) on public land in
Florida (Hough 1878). At that time there was great concern about adequate
supplies of oak timber for shipbuilding.

Early forestry authors Leffelman, Hawley, and Korstian recognized the kinds and
importance of advance oak regeneration (Leffelman and Hawley 1925, Korstian
1927, Hawley 1946). Hawley’s 5th edition text, Practice of Silviculture, described
a successful 1902 shelterwood cutting in Connecticut that favored oak; so there
must have been a shortage of advance oak in that stand. Hawley’s first edition was
printed in 1921 and likely followed European practice. Smith (1962) made a good
review of oak regeneration shelterwoods in his silviculture textbook. He also
suggested that the term shelterwood is better than the term clearcutting when
advance reproduction is involved. A "one-cut" shelterwood for oak required that
advance reproduction must be established before the final harvest. This excellent
perspective is still the conventional wisdom for extensive management.

Liming and Johnson (1944) described oak reproduction in the Missouri Ozarks in
1933 when fire protection started on the new National Forests. Reproduction
appeared to be sparse and in poor condition. But within a few years sprout stands
emerged from existing roots. Seedling numbers also increased. The authors
predicted that with time and protection the forests would improve. And so they
have. The change has been dramatic even since 1949 when I first worked under
Franklin Liming. As the Ozark forests grew so did the concerns that the next
generation of forest stands might be different. A similar "sudden" appearance of
oak advance regeneration took place in the late 1800’s in southern Wisconsin with
the cessation of wildfire as described by Curtis (1959). Crow (1988) provides an
excellent historical review and bibliography on oak forests and savannas before
European settlement. He cites numerous authors to show how fire and logging
favored oak in many parts of the East. In the 1950’s Scholz, Arend, Johnson, and
others worked on oak regeneration problems as they developed in southern
Wisconsin and adjacent Lake States areas.

Information was also accumulating in the Central States. Ecologists Potsger and
Friesner (1934) compared a virgin southwestern Indiana oak-hickory forest with
adjacent areas cut in the late 1800’s and found succession to be a return to oak-
hickory and not beech-maple. But from the species lists it is obvious that the sites
were dry. Kuenzel and McGuire (1942) reported on clearcut plots in southern
Indiana following a bumper crop of chestnut oak (Q. prinus) seed. Ten years later
97 percent of the new stand was from stump sprouts. This important information
probably did not cause much of a stir among managers but it was picked up by
researchers. Illinois plots clearcut in 1935 had good oak 27 years later due to
desirable advance reproduction (Bey 1964). In the late 1940’s Leon Minckler
began a series of compartment studies on the Kaskaskia Experimental Forest in
Illinois and showed how oak, especially white oak (Q. alba), grew and developed
in group selection openings (Minckler 1989).

Studies of oak seed production in North Carolina and Georgia (Downs and
McQuilken 1944) also showed the importance of advance reproduction in that area.
They suggested shelterwoods were best to regenerate oaks and thought that small
group selection openings might also work. By 1958 Merz and Boyce showed that
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in southeast Ohio the amount of oak in the new stands was directly related to the
amount of reproduction established before cutting. In the mid-fifties Ivan Sander
and I remeasured plots on the Berea College Forest in Kentucky. The plots were
cut in 1923 by the old Appalachian Experiment Station. Sugar maple (Acer
saccharum) dominated the understory but red oak (Q. rubra) dominated the
overstory. In 1923 sugar maple was assumed to be a good species for these
relatively thin soils. But the more than 30 years growth on these plots showed that
red oak was a much better crop than sugar maple in both quality and volume
growth (Sander and Williamson 1957). These results made an early impression on
me because a maple understory was developing under many mixed oak stands in
the Midwest as fire control took hold.

Also, in the mid-fifties I made my first visit to West Virginia and was surprised to
hear complaints about "too much" yellow-poplar (Liriodendron tulipifera) showing
up in the forest landscape even though yellow-poplar is an excellent species. The
concerns were about future oak timber and mast supplies. Then, as clearcutting
became more prevalent we began to see more yellow-poplar along with red maple
(A. rubrum). Later, Beck (1988) gave an excellent synthesis and forecast for
continued increases of yellow-poplar and other fast growing species at the expense
of oaks unless special efforts are made to favor oak establishment and early
growth.

In a classic West Virginia study Carvell and Tryon (1961) stated: "The deficiency
of oak regeneration beneath mature oak stands is of grave concern to the forest
manager since oak regeneration is virtually impossible to obtain quickly." They
too found that the composition of the new stand depended largely on the
composition of the understory before harvest. However, they counted more oak
seedlings than expected in a survey of 59 areas in eight counties. The greater the
past disturbance from fire, logging, and grazing, the more oak they found.

Studies in West Virginia (Weitzman and Trimble 1957, Carvell and Tryon 1961)
and from other locations showed that moist sites are more difficult to regenerate
to oak than are dry sites. The basic problem on moist sites including bottomlands
is understory competition.

In 1960 the Division of Forest Management Research of the old Central States
Forest Experiment Station under A.G. Chapman prepared a comprehensive
problem analysis, Guidelines for Forest Management Research in the Central
Hardwood Region. It was prepared by committees and represented the
conventional wisdom, but not necessarily agreement, of a diverse group of
hardwood researchers. It was never published. Some of the conclusions related
to oaks and cutting practices 32 years ago were: (1) Reproduction follows all kinds
of harvests; (2) Even-age silviculture was better for central hardwoods than
selection silviculture; (3) Nearly all clearcutting trials had adequate oak; (4) There
was strong evidence that oak consistently followed partial cutting; (5) Major
objections to clearcutting related to concerns about sprout stand quality and
increased competition of undesirable species; and (6) The quality and importance
of advance reproduction was in a state of confusion because of insufficient data.
When this analysis was written in the early 1960’s there were a large number of
active Forest Service oak silviculture studies. Many were new and inconclusive.
Highest priority for new research was to find out how to ensure adequate, vigorous
regeneration for upland oak. A few years later Forest Service oak research in
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Ohio, Kentucky, and Indiana was discontinued. Later the same fate befell most
silvicultural research in Illinois and Iowa.

Natural hardwood regeneration research dating from the 1950’s was summarized
by Sander and Clark (1971). More than 200 cutting plots in Ohio, Kentucky,
Indiana, and Illinois were analyzed. This publication provided quantitative data for
some of the tenets of central hardwood regeneration at that time. Cutting method
had little effect on the amount of regeneration except for yellow-poplar; very few
oaks were established after the cuts. The importance of advance oak was stressed,
but there were no specific concerns in the text about a lack of advance oaks.
However, the statistical tables showed that the Indiana plots—all in one location on
the Hoosier National Forest—had a lot fewer advance oak than in other states.

In the late 1960°s and early 1970’s interests in oak regeneration and management
grew as the controversy over harvest cutting methods developed. The forestry
community responded to this interest by organizing the first Oak Symposium in
1971 at Morgantown, West Virginia. This followed a special session on hardwood
silviculture at the 1968 Society of American Foresters Convention in Philadelphia.
I gave papers on regeneration at both meetings at the height of my "oak missionary
days" (Clark 1970 and Clark and Watt 1971). Although no longer a research doer,
I was part of the movement to get more research results into practice. At the 1971
Oak Symposium, Richard Watt and [ synthesized our regeneration
recommendations from the work of several researchers including our own. We
stated that most maturing stands had enough advance oak but some did not. We
had no data on the importance of this problem. Our synthesis has held up fairly
well. Since then a number of technical issues are now better resolved through
continuing research and new information. Yet, in those 20 years since the first
Symposium, progress and proof seem slow. It is the nature of oak.

Many attempts have been made to plant oaks but successful plantations were rare
in the past. Midwest forest tree nurseries have grown and shipped oaks since the
1930’s. I personally checked a number of old oak planting sites from the records
of the Hoosier National Forest; all sites were old fields, all were failures. In the
late 1950’s Bob Williams and I included oaks in our hardwood nursery practices
and planting research in Indiana. Most of our time was spent on black walnut
(Juglans nigra). We had good success with walnut, some encouraging results with
red oak, and poor results with white oak. We were convinced that site selection,
stock quality, and competition control were very important for all hardwoods.
Following a series of studies started in the 1960’s, Johnson (1985) reported some
success with oak underplanting in Missouri. More recent oak planting studies have
produced positive results on upland sites in the Central and Lake States, the Mid-
South, and the Northeast. There are also reports of successful planting on
bottomland sites. The goal is to substitute planted oak on problem sites without
natural oak regeneration. The outlook for operational planting is now much better,
but risks and costs are still high.

Early researchers recommended that advance oak must be big or vigorous enough
to compete in the new stands, but specifics on size were not available until the
1970’s. Perhaps the classic study of the response of different kinds and sizes of
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RECENT HISTORY —
PROBLEMS GROW

oak regeneration was on the Kaskaskia Experimental Forest. Sander (1972)
concluded from 12-year data that only advance oak 4.5 ft. or taller could compete
in the new stand. He suggested it would be better to have 6-t0-8 ft. regeneration
before final cutting. Some of the more esoteric results of that research deserve
careful restudy by serious oak researchers and managers. Only the regeneration
types with older, well-developed root systems grew to the recommended height
during 12 years in partial cut stands with only 29 percent overstory stocking. This
is a bit chilling when considering shelterwood schedules in areas with scarce
advance oak.

Sander, Johnson, and Watt (1976) developed specific guidelines to evaluate the
adequacy of advance oak. This work continues to be refined but applies mainly to
Missouri. Carvell (1979) did some original work on the importance of recognizing
not only the size but also the vigor of advance oak. He too stressed the importance
of adequate advance oak based on his earlier work and suggested how to make
preharvest assessments (Carvell 1988). Loftis (1988) used an approach similar to
Sander and associates to determine the oak regeneration potential for areas in the
Appalachians.

Most authors stressed that it is essential to have large numbers of well-developed
oaks in the understory prior to the final harvest. In sharp contrast, Johnson and
others (1989) reported on a mesic site clearcut in southwestern Wisconsin that was
successfully reproduced with new red oak seedlings. In this general area oak is
being replaced through successional pressure of more tolerant species. In this case
study, competition was greatly reduced by treating the understory with herbicides
2 successive years, and then removing the overstory after a good seedfall. The
authors also cited examples of both success and failures with fewer and smaller
advance red oaks than usually recommended. Johnson and others (1989) suggested
that competition control with herbicides may substitute for the long regeneration
period suggested in the literature. But they caution that a shelterwood is safer than
a clearcut and that understory treatments may vary among ecosystems. Understory
control has been suggested for many years as a potential solution to competition
problems, but we still need specific prescriptions supported by practical
demonstrations for a variety of problem areas.

In 23 selectively cut private woodlands in southern Indiana, 95 percent of the
openings created were too small to stimulate advance oak growth (Callahan and
Fischer 1982). QOak was a substantial overstory component in most of the
woodlands studied, but oak reproduction more than 6 ft. tall were found on only
2.4 percent of the transects. While the 23 areas appeared to be productive, the
authors found them to be seriously understocked with desirable species. Callahan
and Fisher concluded: "The present prospects appear dim that many oak trees will
grow in future stands on upland hardwood sites."

Responding to concerns about cutting practices on the Hoosier National Forest,
George and Fischer (1989) reported on an intensive regeneration survey on five 17-
year-old clearcuts in-southern Indiana. Their data showed that the new stands have
more yellow-poplar and less oak than the stands harvested. They point out that
long-term development trends remain unanswered. One important question is will
the more mesic species fade with time and drought as reported by Hilt (1985) in
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southeast Ohio? Interestingly, the yellow-poplar/oak trends in a large number of
commercial clearcuts discussed by George and Fischer (1989) were consistent with
data found in Sander’s and Clark’s 1971 report for southern Indiana plots and the
increased incidence of yellow-poplar elsewhere.

With the advent of fire and grazing protection, oak stands in Iowa and Missouri are
in various stages of conversion to sugar maple and other hardwoods, according to
Countryman and Miller (1989). Recently, McGee (1989) found that an old stand
of mixed hardwood with a substantial oak component is suddenly experiencing
rapid overstory decline. In spite of the fact that this middle Tennessee old-growth
on an excellent site had survived for decades, there is little chance that oak will be
in the new stand under natural succession. Some eastern stands with severe gypsy
moth mortality are not returning to oak but are now occupied by such low-value
species as red maple that dominated the understory when the oak overstory
declined. The potential loss of the oak type through gypsy moth is devastating.

Tracing the historical development of 46 red oak stands in northern Wisconsin
provides strong evidence that these stands replaced other species and associations
following past heavy cuts and fire (Nowacki, Abrams, and Lorimer 1990). The
authors suggest that northern red oak in the study area may be limited to one
generation and will be replaced by the tolerant red and sugar maples on all but the
driest sites. The authors provide a brief overview of the mostly 1980’s ecological
literature to support the growing belief "that a high proportion of stands are on the
threshold of a dramatic change in structure and composition." They too suggest
that dry sites may be an exception to the ecological "instability" of eastern forest
oak stands. These are strong and sobering opinions shared by a growing number
of ecologists and foresters. Questions of oak stand dynamics have been around for
a long time but evidence accumulates with the time it takes for ecological trends
to manifest.

Crow (1991) concludes that in the Upper Midwest landscapes "future forests will
differ in composition and structure from past and present forests.”" Crow (1988)
also refers to the present abundance of oak in eastern forests as "an artifact of
disturbance regimes that are no longer common." Spencer and Kingsley (1991)
give us definitive insight to oak resource problems from the perspective of forest
inventory type changes. Their analysis covered the seven-state Upper Midwest
from Indiana to Minnesota. They compared the latest oak forest inventories with
previous inventories. The average time between inventories was 15 years. During
that "average" period oak types lost 6.5 percent in area but increased in total
volume. Four of the seven states decreased in oak area. The increased area in the
other three states was due primarily to a classification anomaly of wooded pastures
shifting to timberland between inventories. Indiana had the biggest oak loss, 36
percent for the 19 years between surveys. That was an average annual conversion
of 1.9 percent of oak types into the more mesic maple-beech type. This report also
shows that only 17 percent of the oak types are in seedling-sapling stands, and is
further proof that many oak stands are not replacing themselves. Spencer and
Kingsley suggest that red oak is being overcut in Illinois and Indiana. Research
economists in the Lake States found that the value of red oak lumber and logs has
been increasing 6 to 8 percent a year above the inflation rate since the 1970’s
(North Central Forest Experiment Station 1991). Stumpage prices for both
domestic and export logs are up dramatically, suggesting a growing scarcity of
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AND WHAT OF THE
FUTURE?

“available” high quality trees. History repeats itself, only this time it is not a
shortage of oak for shipbuilding and fuel.

Nyland (1992) has expressed strong concerns about potentially serious
consequences of selective and diameter limit cuts in eastern hardwoods. He
suggests that exploitive harvests following the development of export markets
"portends a long-term conversion in composition that promises lower market values
in the future, especially among oak communities.”" Ralph Nyland, one of the
countries leading hardwood silviculturists, calls on practicing foresters to be more
aggressive in promoting good forestry to stop the second great exploitation of the
eastern forests.

Spencer and Kingsley’s (1991) analysis of what is happening in the Upper Midwest
is a dramatic picture of recent "historical" trends in oak ecology. Considering the
Indiana data, the situation is cause for serious concern for those who want to
maintain oak on good sites. Are we really witnessing successional changes taking
place at a rapid rate? Yes, but it is not all "natural” succession. Selectively
harvesting oak is probably most responsible for type conversion changes from one
inventory to the next. Inventory forest types relate to the overstory, so removing
the oak and leaving most of the other species automatically changes the type. What
is left, the residual type, does not bode well for regenerating a new oak stand.
Other harvest methods, such as clearcutting without vigorous advance oak
regeneration, can also result in type conversion.

Practicing field foresters in the Northeast ranked oak regeneration guidelines as the
eighth most important research need out of 46 research problems (Broderick and
others 1991). The authors stressed that the 660 respondents were well qualified to
give an accurate picture of research needs. Yet the authors point out that "the
literature does not lack for such information” and cite work done in the Central
States and Missouri. They suggest that foresters may be "unaware of existing
research or they are not satisfied with it" and that there may be problems in
technology transfer. All of the above is true. But we need to understand that
existing oak regeneration guides are based on data from limited areas and should
only be extended with caution, validation, and perhaps additional research and
testing to account for regional ecological differences and past treatments. In my
experience, the call for more research is often based on an inadequate knowledge
of information that already exists. But there are problems with the transfer of oak
technology, and my definition of oak technology includes information for
understanding oak ecology and ecosystems with oak. Too few managers and
researchers are well founded in oak ecology; I include my own generation as part
of the problem. Oak silviculture and management is far too complex to relegate
to "standard” prescriptions.

Just as the present stands changed over time, so will the next rotation change under
different treatments and environmental influences. Unfortunately, a lot of past
long-term oak research has been discontinued due to costs and changing priorities.
With new technology to handle data it is not too late to salvage some of this work,
especially on areas with good understory records. A new look at some of the older
studies may answer a very important question: Will oak outlast some of the more
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mesic species? Recently there has been a call for more financial support for long-
term, basic ecological research. What could be more "basic" than understanding
what is happening to the largest forest types in the United States surrounding a
majority of the country’s population? Like forester-turned-pathologist-turned Nobel
Peace Prize winner, Norman Borlaug, I believe: "Our research must be good, but
it must be good for something."

In the past 10 years there have been at least six major conferences, from
Pennsylvania to Minnesota and now Tennessee, that have addressed oak problems
and solutions. From an historical perspective this unprecedented interest and
concern for oak is both encouraging and further evidence that there are serious
management problems over a broad area. Published prescriptions, guides, and
texts are now more definitive but with room for improvement as new information
emerges. The vast extent of the oak forests with their inherent and acquired
variations makes them very difficult to know and manage. With that difficulty
comes the challenge and excitement of working with a resource that has provided
for the needs of both ancient and modern mankind from food to esthetics.

There is no easy way to summarize the history of oak regeneration problems except
to say that it is lengthy, complex, paradoxical, and often perplexing. But do not
forget the first canon of oak management, regeneration is a process, not an event.
I commend to both researchers and managers a reading of some of the older
literature. It is educational, sobering, and sometimes humbling. New and helpful
interpretations are possible as pieces fit together and we learn the value of the
knowledge base we inherited, and appreciate those who bequeathed it.
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Historical records indicate that oak species dominated much of the central
hardwood forest at the time of settlement. However, many oak stands harvested
in the past 40 years on average or good sites are now dominated to various degrees
by other hardwood species. Several possible causes are discussed, including acorn
predation, climatic change, damage to seedlings by insects and deer, and excessive
competition resulting from decreased fire frequency. A number of these factors
appear capable of reducing the success of oak regeneration or causing nearly
complete failures. However, mature oak stands usually have several hundred to
several thousand oak seedlings per acre present in the understory. The crux of the
problem often appears to be the failure of these seedlings to survive and increase
in vigor, even when released from competition. Slow juvenile growth occurs even
where deer browsing is uncommon and appears to be an inherent trait of northern
red oak and white oak on mesic and dry-mesic sites. Experimental evidence shows
that the dense understory of shade-tolerant species on mesic sites is a major limiting
factor to adequate oak seedling development, and that seedling development is
markedly improved if the understory is removed. Historical evidence suggests that
many of our existing oak stands on mesic sites either developed after fire or were
periodically subjected to fire and other disturbances removing understory and
subcanopy trees. Historical evidence on changes in fire frequency is reviewed, and
problems with the fire hypothesis are discussed.

If a panel of practicing foresters and researchers were asked to "round up the usual
suspects” implicated in causing oak regeneration failures, it would probably not
take long to produce a hefty list. Erratic seed production, predation of acorns by
insects, rodents, and deer, defoliation and browsing of established seedlings by
animals, and intense competition with other vegetation have all been implicated.
Foresters also wonder about recent changes in the environment. Fires and grazing
are no longer a dominant force, woodlands are fragmented in many areas, chestnut
(Castanea dentata) is no longer a major component of the canopy, predator control
has altered animal populations, new insects have been introduced from other
continents, and the climate may be changing.

Are all these factors having a major impact on oak regeneration? It may be useful
to make a distinction between an "aggravating factor" and a "limiting factor.”" An
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aggravating factor may reduce the frequency of seedling establishment or the rate
of seedling growth, but is not ordinarily capable by itself of causing complete
regeneration failures. A limiting factor, on the other hand, can cause nearly
complete regeneration failures even if no other aggravating factors are present. It
is possible, of course, for certain factors to be merely aggravating at some times
or places and limiting in others.

Because of this variability, we need to view "the oak regeneration problem" as
having both local and regional aspects. Oaks, like other species, can have local
regeneration failures in response to chance factors such as seed crop failure or
locally intense browsing. But it is the relatively sudden and repeated regeneration
failures over widely separated areas that have been the cause of recent concern.
Questions naturally arise: Is there a common underlying cause behind the regional
problem? Is the regional problem caused by the cumulative impact of a host of
aggravating factors or primarily by one or more limiting factors?

The ideal solution to resolving these questions would be to conduct controlled
experiments that would simultaneously evaluate a number of factors and would be
replicated in several geographical areas. One study underway in the Northeast
may, in a few years, help sort out the importance of various factors in that region
(Galford and others 1991). In the meantime, a review of causal factors over the
central hardwood region must rely on a combination of limited experimental
evidence, observational data or empirical correlations, and historical evidence.

Faced with a host of possible causal factors and limited evidence, a reasonable
place to start is to list a number of facts concerning the oak regeneration problem
that must be explained by any convincing hypothesis. The following list includes
some of the major considerations:

(1) Oaks have dominated much of the central hardwood region for over 6,000
years. At the end of the glacial episode, much of central hardwood region was
occupied by a boreal forest of spruce and pine. About 6,000-9,000 years ago, this
boreal forest was replaced by an oak-pine-mixed hardwood forest, which has
retained dominance ever since (Craig 1969, Watts 1979, Delcourt and Delcourt
1985). This evidence from the pollen record is supported by independent historical
evidence on the presettlement forest (ca. 1600-1850) from early travelers and
government land survey records. For example, species of oaks comprised 40-80
percent of the witness trees in sizable areas of New Jersey, Pennsylvania, Virginia,
Kentucky, and Illinois (Spurr 1951, Russell 1981, Leitner and Jackson 1981,
Bryant and Martin 1988, Abrams and Downs 1990). Thus, while disturbances that
accompanied European settlement may have increased oak dominance in some
places, particularly at the margins of its range (Whitney 1987, Nowacki and others
1990), oak was already dominant over large sections of the landscape and
maintained by natural regeneration long before European settlement.

(2) Oak regeneration failures appear to have been a widespread problem only in the
last 50 years or so. This trend is seen most clearly by the fact that oak stands on
mesic sites clearcut after about 1930 are now frequently dominated by species such
as maples (Acer rubrum and A. saccharum), yellow-poplar (Liriodendron
tulipifera), hickories (Carya spp.), and black cherry (Prunus serotina), while stands
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originating prior to 1930 on similar sites are usually dominated by oaks (Johnson
1976, Heiligmann and others 1985, Beck and Hooper 1986, Hix and Lorimer
1991, Abrams and Nowacki 1992).

(3) Oak regeneration is often successful on the drier or below-average sites. The
site specific nature of oak regeneration problems has been known for some time
(e.g., Weitzman and Trimble 1957). Until more detailed habitat classifications are
available, site index can serve as a rough guide. In many areas, sites with an oak
SI of 60 ft. or less are likely to support stable, self-perpetuating oak forests, while
those with SI > 60 are likely to convert wholly or in part to more mesic species
(Hilt 1985, Hill 1987, Loftis 1988b, Zaldivar-Garcia and Tew 1991). Stable oak
forests usually have a sizable component of the more xerophytic species, such as
chestnut oak (Quercus prinus) and black oak (Q. velutina), whereas the stands most
susceptible to regeneration failures usually occur on the more mesic sites dominated
by northern red oak (Q. rubra) and white oak (Q. alba). A convincing hypothesis
should be able to explain this clear habitat-related variability. For example, if
insects or deer are proposed as limiting factors, is there evidence that animal
damage is consistently less serious on SI 60 lands than on SI 70?

(4) The oak regeneration problem is geographically widespread. Pinpointing the
geographical extent of oak regeneration failures is difficult because regeneration
surveys taken in the first few years after harvest can be misleading (Bey 1964,
Oliver 1978). Whether or not oak will be a major part of the canopy can only be
determined with reasonable confidence after the forest has entered the "pole stage"
of development, when the forest has developed a closed canopy and stratified into
crown classes (e.g., after age 25). Using these criteria, unintended conversions of
oak forests to other species have been documented most clearly on average and
good sites in the Ridge and Valley section of central Pennsylvania (Abrams and
Nowacki 1992), cove forests of the southern Appalachian Mountains (Beck and
Hooper 1986), upland sites in southern Michigan (Gammon and others 1960), and
upland sites of southwestern Wisconsin (Johnson 1976, Hix and Lorimer 1991).
A similar study on an average site in southeastern Ohio suggests a significant
reduction in the oak component (Heiligmann and others 1985). Succession of oak
forests to sugar maple and other shade-tolerant species is less certain but still likely
to occur on mesic sites examined in eastern Tennessee, central Indiana, southern
Illinois, and the River Hills area of Missouri (McGee 1984, Parker and others

1985, Schlesinger 1989, Pallardy and others 1988). ,

From this evidence it is clear that oak regeneration problems are not confined to
northern states at the margin of the range, which might otherwise be most affected
by climatic change. Also, problems are occurring far outside the original range of
American chestnut, as well as in areas such as the southern Appalachian Mountains
where the forest is not highly fragmented.

Because successful oak regeneration usually depends on the existence of seedlings
in the understory before harvest (Sander 1972, McQuilkin 1975), poor seed crops
and high rates of consumption by animals can have significant impacts on the
ability of oaks to compete with other species. Unfavorable weather and insect
damage can both lead to poor acorn crops (Cecich 1991). Most of the eastern
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upland oak species, however, have good seed crops at intervals of 3-5 years (Burns
and Honkala 1990). Intervals between good seed years in white oak may be longer
(Rogers 1990), and local factors might occasionally lead to regeneration failures
from this cause. Smith (1993) has reported that average intervals between good
acorn crops may be as long as 10 years in the central Appalachians.

Destruction of acorns by insects, rodents, and deer is probably a more important
factor in most areas; a loss of 90 percent of the current crop is typical (Arend and
Scholz 1969, Marquis and others 1976, Galford and others 1991). In a recent
study in Pennsylvania, rodents removed virtually every unprotected acorn on the
ground surface and 78 percent of the buried acorns. Insects destroyed 63 percent
of the surface acorns protected from rodents (Galford and others 1991).

Marquis and others (1976) found that acorn production and the activity of insects
and rodents varied greatly in different stands for unknown reasons. Compared to
a stand with abundant advance regeneration, a stand with few oak seedlings (96 per
acre) not only produced fewer acorns, but twice as many were damaged by insects,
and pilferage by rodents was three times as high.

Such evidence suggests that destruction of acorns by animals can potentially be
limiting factors in some locations. Whether it is a major cause of the regional
problem is not as clear. Thorn and Tzilkowski (1991) point out that by burying
acorns in well-distributed caches, small mammals may actually facilitate seedling
germination. In that study, small mammal activity resulted in 28,000
well-distributed caches per acre. Thus, an acorn that disappears from a seed trap
should not necessarily be considered "destroyed.” More importantly, a review of
many studies in the central hardwood region shows that most mature stands have
several hundred to several thousand oak seedlings per acre at any one time (Carvell
and Tryon 1961, Nowacki and Abrams 1992, Merritt and Pope 1991). Thus,
seedling germination is not a limiting factor in many areas. Beck and Hooper
(1986) documented an oak regeneration failure that occurred even though more
than 5,000 oak seedlings per acre were present at the time of overstory removal.

Although large numbers of oak seedlings may become established after bumper
acorn crops, mortality rates of young seedlings are high, especially on mesic sites
(Johnson 1985). A newly established cohort of seedlings in a mature stand on a
good site in the Southern Appalachians had a 10-year survival rate of 10 percent,
with negligible growth of the survivors (Loftis 1988a). Could repeated defoliation
and other animal damage be a factor in causing high mortality and slow growth?

Evidence on seedling damage by insects is very fragmentary. An insect with a
potentially serious impact on oak seedlings is the Asiatic oak weevil (Cyrtepistomus
castaneus) because larvae feed on fine root hairs and adults feed on leaves
(Triplehorn 1955, Roling 1979). The weevil, introduced from Japan and first
recorded in New Jersey in 1933, is now distributed in most of the eastern states as
far west as Missouri and Kansas. In Missouri, the weevil has a strong preference
for oak and apparently has little impact on other hardwoods (Ferguson 1987).
Linit and others (1986) reported 46 insect species, including the Asiatic oak weevil,
associated with planted oak seedlings in Missouri. Leaf area losses averaged about
22 percent over a season. The impact on growth was not measured, but was not
necessarily considered to be severe.
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In addition to obtaining more evidence on the impact of low to moderate defoliation
on growth and vigor, more evidence is needed on insect activity across habitat
types. The introduction of the Asiatic oak weevil in about 1930 did coincide with
the start of major oak regeneration failures, but for that to be considered a principal
limiting factor, evidence would probably be needed that weevil activity is
concentrated on mesic sites where most oak regeneration failures occur.

The potential for deer browsing to block the development of competitive oak
advance regeneration is better documented than insect damage. The deer
population on the Allegheny Plateau in Pennsylvania (often more than 30 per
square mile) is sufficient to create open, park-like stands with little undergrowth.
Where deer populations are high, browsing can occur on oak seedlings that are as
short as 15 in. high (Galford and others 1991). Sometimes there is so little
advance regeneration of hardwoods that clearcuts revert to grass and scattered
shrubs (Marquis 1974).

Published evidence on the effects of deer browsing on oak is very limited outside
of Pennsylvania. Similarly severe effects have been documented elsewhere, but the
problem is often quite localized. High deer populations (34-59 per square mile)
in a game preserve in Massachusetts have created savanna-like conditions, but in
the surrounding region the deer average only 3-8 per square mile and browsing is
limited (Healy and Lyons 1987). The intensity of deer browsing appears to vary
greatly from place to place. Four underplanting trials of northern red oak in
southern Wisconsin have shown little browsing in two counties with average deer
populations of 18 per square mile (Pubanz and Lorimer 1992), but destructive
levels of browsing in counties with average deer densities of 25-35 per square mile
(Pubanz and Lorimer, personal observations). In the mountains of West Virginia,
moderate-sized clearcuts (e.g., 20 acres) develop so much vegetation that the ability
of deer to modify the outcome is limited (H. C. Smith, personal communication).
While deer browsing was observed on oak seedlings in a southern Appalachian
cove stand, and may have contributed to the slow growth rate (Beck 1970), the
problem of slow growth persisted long after the deer density had greatly diminished
(D. E. Beck, personal communication).

Deer browsing is clearly a limiting factor for oak regeneration in some places, and
the substantial growth of deer populations that occurred in many areas around the
1930’s does coincide with the beginning of widespread oak problems. However,
the occurrence of oak regeneration failures in places where deer are not especially
numerous makes a number of researchers feel that deer are generally more of an
aggravating factor than a primary limiting factor. We need more evidence,
however, on the effects of moderate deer browsing on growth rates, especially
where deer may be browsing oak in preference to other species (George and others
1991). Furthermore, the deer problem seems to be getting progressively worse.
Deer populations in the lower Midwest were historically low (USDA Forest Service
1970) but appear to have increased substantially in recent years (e.g., Ishmael
1990). As one forester in Indiana remarked, complaints about deer damage are
becoming more numerous, and establishing a hardwood plantation is often like
“setting the table for deer."
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Another explanation for the slow growth and high mortality of understory oak
seedlings besides insect and deer damage is the detrimental effects of dense
understory vegetation. Northern red oak and white oak both appear to have a
growth strategy in which photosynthate is diverted to root growth at the expense
of shoot development (Crow 1988, Dickson 1991). Seedlings may, therefore,
develop a stout taproot and persist for many years despite repeated shoot dieback
(Merz and Boyce 1956). When an opening occurs, such “seedling sprouts" are
often capable of rapid growth (Bey 1964, Sander 1972).

This strategy is effective on dry-mesic or xeric sites where moisture may be
limiting and a moderate amount of light reaches the forest floor, but it is a poor
strategy on mesic sites where light levels are much lower (Dickson 1991).
Shade-tolerant species such as maples have an important advantage over oaks
because they can make significant height growth under a closed canopy, steadily
increasing in both size and number until a nearly continuous subcanopy or a
multi-storied layer of vegetation develops (Lorimer 1984). These added layers of
foliage beneath a closed upper canopy intercept so much light that often less than
1 percent of full sunlight reaches the seedling layer (Hanson 1986, Pubanz and
Lorimer 1992). Hanson (1986) demonstrated a negative carbon balance for
northern red oak seedlings growing under a heavy canopy. As a result, seedlings
often die once acorn reserves are exhausted, and even among the survivors a
vigorous root system doesn’t ordinarily develop (Crow 1988).

The ability to persist under dense shade appears to vary among oak species. White
oak and chestnut oak, for example, are often considered to be moderately
shade-tolerant (McGee 1981, McQuilkin 1990). However, the shade tolerance of
oaks is markedly less than for many of its mesic competitors. The average 5-year
mortality rate for large, overtopped saplings in a dry-mesic stand in southern New
York was 45 percent for northern red oak and 26 percent for chestnut oak, but
only 11 percent for red maple (Lorimer 1981). On a dry-mesic site in central
Massachusetts, overtopped red oak had a 19-year mortality rate of 90 percent
compared to only 16 percent for red maple (Lorimer 1983).

A recent field experiment in southwestern Wisconsin showed that even vigorous,
nursery-grown northern red oak seedlings are mostly unable to survive when
underplanted in mature, undisturbed oak forests on mesic and dry-mesic sites.
After 5 years, over 70 percent of the planted seedlings had died on both sites.
However, in plots on the same sites where the understory layer was removed,
planted seedlings not only had 93 percent survival, but seedlings doubled in height
and had an average of 35 leaves after 5 years (figures 1 and 2).

Such evidence suggests that the presence of a dense understory of shade-tolerant
species is often sufficient to prevent the development of vigorous oak advance
regeneration, whether or not other limiting or aggravating factors are present. The
small oak seedlings typically present on average and good sites grow very slowly,
and usually seem incapable of rapid growth even if the overstory is removed (Beck
1970, McQuilkin 1975, Sander 1972, Beck and Hooper 1986). A typical harvest
operation on mesic sites creates a situation in which scattered oak seedlings, usually
less than a foot tall and capable of growing only a few inches in height per year,
must compete with thousands of tall saplings of other species capable of growing
18 to 24 in. in height per year (Beck and Hooper 1986; Hix and Lorimer 1990,
1991). Early spring frosts, which McGee (1986) found especially damaging to oak
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seedlings that originated beneath a canopy, could place oak seedlings at a further
disadvantage.

In contrast to mesic sites, where one cohort of oak seedlings may largely disappear
before the next one germinates, drier sites often have oak seedlings that may persist
for up to 30-50 years, developing a strong root system and often a tall shoot as
well (Liming and Johnston 1944, Sander 1972, Johnson 1991). Even if saplings
of shade-tolerant competitors are present on these sites, they may not be numerous
enough or vigorous enough to present a serious challenge. Development of
vigorous oak seedlings on mesic sites is feasible, but it has only been demonstrated
in cases where understory vegetation has been eradicated before or at the time of
overstory removal (Johnson and Jacobs 1981, Johnson and others 1989, Lorimer
1989, Loftis 1990, Nowacki and others 1990). In the following section, evidence
is reviewed on historical conditions that may have permitted the expansion of oaks
onto mesic sites where they ordinarily would not be competitive.

Figure 1-—Before (top) and after (bottom) understory removal and light thinning of the,
canopy on a mesic site dominated by northern red oak in southwestern Wisconsin. These
treatments increased natural oak seedling establishment by 400 percent and greatly
stimulated the growth and vigor of underplanted oak seedlings (Pubanz and Lorimer 1992).
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Figure 2—(Left) Northern red oak seedlings underplanted in an undisturbed mature oak
forest in southwestern Wisconsin had 74 percent mortality after only 5 years, and survivors
had low vigor and no net height growth. (Right) Seedlings underplanted in stands where the
understory was removed (see figure 1, bottom) had 93 percent survival and doubled in size.
This experiment illustrated the inability of even vigorous, nursery-grown oak seedlings to
survive beneath the shade-tolerant understory of a typical mature forest (Pubanz and
Lorimer 1992).

If oak regeneration on mesic sites is so difficult, how did the existing stands
originate? Detailed stand records rarely go back as far as 70 or 80 years, but
comments by contemporary observers, supplemented by field evidence on stand
history, can give us a general idea of stand origins.

The most thorough evidence comes from the Midwest, because it was the last part
of the central hardwood region to be settled and has the best records. Many
midwestern oak stands occur on sites that supported oak savannas at the time of
settlement. These savannas were usually dominated by the more fire-resistant
species such as bur oak (Q. macrocarpa), white oak, and black oak, and were
"covered with trees about as far apart as in a common orchard" (Bayley 1954).
Oak savannas are estimated to have covered between 13-32 million acres in eight
states (Nuzzo 1986). Based on 19th century land survey records, Curtis (1959)
estimated that southern Wisconsin at that time was approximately 45 percent oak
savannas, 20 percent prairie and sedge meadow, 25 percent maple and floodplain
forest, and 10 percent oak forest. There is little question that these oak savannas
were fire-maintained and fire-dependent (Gleason 1913, Muir 1913, Curtis 1959,
Grimm 1984). For example, in 1750, Father Vivier wrote that in the Ozark
region, "trees are almost as thinly scattered as in our public promenades. This is
partly due to the fact that the savages set fire to the prairies toward the end of
autumn, when the grass is dry; the fire spreads everywhere and destroys most of



22  Oak Regeneration Symposium Proceedings . . . September 1992

the young trees” (Johnson 1992). In Wisconsin, the more fire-sensitive northern
red oak was often present only as brushy sprouts or "grubs" among the prairie
grasses (Curtis 1959). When the fires ceased, "the grubs grew up into trees, and
formed tall thickets so dense that it was difficult to walk through them and every
trace of the sunny openings vanished" (Muir 1913). Many of the red oak stands
being harvested today appear to be the first—and only—generation of closed-canopy
oak forest to follow the savannas. Stands harvested in recent decades have been
displaced by the shade-tolerant species that quickly developed as an understory
beneath the oaks (Johnson 1976, Jokela and Sawtelle 1985, Hix and Lorimer
1991).

Existing oak stands in states farther to the east, in the Piedmont-Appalachian
region, originated after 50-100 years of influence by European settlers, and in a
number of different ways:

(1) Some of our existing oak stands on mesic sites originated after intense fire and
are even-aged (Brown 1960, Ward and Stephens 1989, Nowacki and others 1990).

(2) Some eastern oak stands apparently originated in a manner similar to those in
the Midwest, after the cessation of repeated fires. In the southeastern Piedmont,
Hammond (1880) noted that "since the discontinuation of spring and autumn fires,
[a deer] could not be seen at fifteen paces, because of the thick growth of oak and
hickory that has taken over the land.” Grazing was also widespread at the time
(Greeley and Ashe 1907) and may have had an effect similar to fire.

(3) Probably millions of acres of existing oak forest, both in the Northeast and
Southeast, originated as an understory beneath a pine canopy (Hammond 1880,
Oosting 1942). In central New England, 65-70 percent of the land had been
cleared for agriculture at some point, but much was subsequently abandoned. Much
of this land reverted to "old-field" pine. As can be seen today, old field pine stands
usually have a relatively sparse understory, but oak saplings 3-15 ft. tall are
common. Data gathered by McKinnon and others (1935) in central New England
show an average of 578 saplings per acre released after the harvest of old-field pine
on good sites, of which 215 were oak. The oaks typically became the dominant
species in the subsequent stands (Oosting 1942, Lutz and Cline 1947).

(4) Many oak stands in the mid-Atlantic region appear to have originated after
repeated, intensive clearcutting to produce charcoal for the iron and brick
industries. Because stem quality was not an important consideration, small stems
as well as large could be utilized, and clearcutting was often done at short intervals
of 30-40 years (Schnur 1937, Raup 1938, Abrams and Nowacki 1992).
Approximately 300 acres of forest had to be cleared each year to supply a single
iron furnace (Stout 1933). Fires often followed. All of these factors would have
favored vigorous sprouters such as oaks and hickories. The coppice nature of most
stands was such a prominent feature of the landscape that Hawley and Hawes
(1912) mapped a large area of southern New England, New York, and New Jersey
as the "Sprout Hardwoods Region." These historical circumstances are much
different from the prevailing situation today, when small trees are in little demand,
and both logging and natural blowdown remove only the larger overstory trees and
leave the small tree layer largely intact.
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Although our existing oak forests on mesic sites have clearly originated in a variety
of ways, the common denominator in all of these scenarios is that historical events
resulted in a "low competition" environment in which sizable understory trees were
either absent, sparse, or periodically eradicated.

Most oak species have biological traits, such as relatively thick bark and protection
against rootkill, that suggest an adaptation to periodic fire. Perhaps the most
significant impact of fire is its reduction in the density of shade-tolerant saplings,
which as noted above, is probably the most common inhibiting factor in oak
regeneration. In a study in central New York, mortality of saplings caused by
accidental spring fires ranged from 35 percent in ironwood (Ostrya virginiana) to
93 percent in hemlock (Tsuga canadensis), but only 12 percent of the oaks and
hickories were root-killed (Swan 1970). Others have reported similar selective
discrimination of fire against shade-tolerant competitors (Brown 1960, Carvell and
Maxey 1969, Kruger 1992). Fire may also result in a major reduction in shrub
cover (Nyland and others 1982, Abrams 1988, Reich and others 1990). As a result
of this selective reduction of competitors, oaks may increase in relative density
even if the absolute density remains unchanged.

Evidence for positive effects of fire on oak seedling establishment, on the other
hand, is currently rather inconclusive. Several studies of prescribed burns have
shown little or no increase in oak seedling establishment after the burn; in several
cases, the fire resulted in a great influx of other species or resprouting of
competitors as multiple-stemmed clumps (Sims 1932, Johnson 1974, McGee 1979,
Nyland and others 1982, Wendel and Smith 1986, Merritt and Pope 1991). Others
have produced evidence that burning can substantially increase oak numbers
(Keetch 1944, Carvell and Tryon 1961, Carvell and Maxey 1969, Niering and
others 1970, Thor and Nichols 1973, Little 1973).

There may be several reasons for these discrepancies. Many of the studies
reporting discouraging results are based on short-term observations (2 years or less)
after a single, low-intensity prescribed burn on good sites. If a good acorn crop
doesn’t occur during this period, a substantial improvement in oak seedling
establishment is not likely. A single burn will often not accomplish much, and
may even be counterproductive on mesic sites, where it may simply aid the
establishment of competing vegetation. A number of researchers have suggested
that repeated burning over a period of time may be necessary (Van Lear and
Waldrop 1988, Loftis 1990, Johnson 1992). As Komarek (1974) once commented
in relation to southern pine: "All too often investigators in the past have expected
miraculous results with one light burn after years of fire exclusion.” Nearly all of
the studies reporting increases in oak seedling establishment involved several burns.
Unfortunately, however, most of the reported successes with fire have occurred on
dry sites. Clearly we need more evidence on the long-term effects of repeated
burns on mesic sites.

The effect of intense wildfire on oak regeneration has received less attention, but
it is this type of fire that has produced the most dramatic results on mesic sites.
Carvell and Maxey (1969) reported that an October wildfire in a young stand of
mixed cove hardwoods in West Virginia increased the number of dominant oaks
from 93 to 293 per acre. Fifty-five years after an intense surface fire in a
Connecticut mixed hardwood stand, burned sections increased oak and hickory
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Climatic Change

Historical Changes in
Disturbance
Frequency

The Post-Settlement
Era (1750-1930)

dominance by 240 percent compared to unburned sections (Ward and Stephens
1989). Similar results were reported by Brown (1960) in Rhode Island. In the
northern hardwood region, northern red oak has sometimes displaced the
hemlock-maple type after intense slash fires (Nowacki and others 1990). In such
cases where intensive site preparation or competition control has taken place,
surprisingly rapid growth of newly established oak seedlings sometimes occurs that
would not be expected under other circumstances (Johnson and others 1989,
Lorimer 1989).

Oaks are usually considered to be favored by relatively warm and dry climates, and
paleocologists often use abundant fossil oak pollen as one indicator of this type of
climate. Oak regeneration failures could in principle be related to a shift to cooler
and moister conditions. This change would probably have an effect of a southward
shift in the boundary between northern (beech-maple) and central hardwoods
(oak-hickory). In other regions, it might also cause an expansion of mesophytic
species onto sites that were once relatively warm and dry, with a corresponding
shrinkage of microhabitats that were formerly stable oak sites.

The issue of possible climatic effects needs further study, but several important
lines of evidence seem rather inconsistent with the hypothesis that climatic change
has been a major causal factor. There is little evidence in the pollen record that
a rather dramatic cooling episode known as the "Little Ice Age" (ca. 1400-1850)
had any substantial impact on oak dominance (Davis 1958, Watts 1979, Patterson
and Backman 1988). Indeed, most early explorers in the Northeast described oak
as the dominant forest type. Second, data show that the climate has been warmer
(and drier) in recent decades compared to the late 19th and early 20th centuries
(Wahl 1968), a trend that should not be favorable for the shade-tolerant
competitors. Third, a relatively warm and dry climate does not seem to facilitate
oak regeneration on mesic sites or hinder the development of mesic competitors to
any noticeable degree. This relationship is apparent from the development of dense
understories of sugar maple on mesic sites in southern Illinois, southwestern
Wisconsin, and the River Hills section of Missouri, all of which were at or close
to the original prairie border (Schlesinger 1989, Pallardy and others 1988, Hix and
Lorimer 1991).

If a major cause of the regional oak regeneration problem has been the
development of dense understories of competing species on mesic and dry-mesic
sites, some evidence would be helpful in clarifying whether or not the magnitude
of factors inhibiting understory development was sufficient prior to 1930 to account
for the existing widespread occurrence of mature oak on mesic sites, and whether
these factors have subsequently decreased.

Most or all of the factors involved in the creation of existing oak stands, and
discussed in previous sections, were widespread in the post-settlement era.
Numerous sources, such as Van der Donck (1656), Kalm (1770), Harris (1805),
and Hammond (1880) reported that the early settlers repeatedly burned the woods
to improve hunting prospects and pasturage for cattle. As Hammond (1880) noted
for the South Carolina Piedmont: "The early settlers in this region were stock
raisers and kept up the Indian practice of burning off the woods during the winter."
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A more systematic survey of burning frequency was obtained by Hough (1882).
Nearly all of his correspondents throughout the central hardwood region reported
frequent, intentional burning, and three correspondents in Pennsylvania and
Virginia volunteered estimates of the average percentage of forest land burned in
a typical year. These estimates ranged from 2-14 percent of the land burned
annually, equivalent to an average fire rotation period of 11 years (range of 7 to
50).

Frequent burning persisted until relatively recent times. In southern New England,
Buttrick (1912) remarked that "many tracts are subject to recurring fires at frequent
intervals, often annually." Graves and Fisher (1903) agreed that "woodlots which
do not show some traces of fire are scarce.” A major systematic survey of the
southern Appalachian region was conducted by Ayres and Ashe (1905), who
reported fire scars on 80 percent of the 6.5 million acres examined. Even as late
as the 1920’s, Logan (1975) described annual burning of woods by farmers in
southwestern Wisconsin.

The advent of fire suppression programs such as the "Dixie Crusaders" and the
Smokey Bear program in the 1930’s and 1940’s coincides well with the beginning
of widespread oak regeneration problems. Based on fire scar evidence in the Great
Smoky Mountains, Harmon (1982) showed a change in the fire rotation period of
10 years or less in the period prior to 1940 to over 2,000 years for the period
1940-1979. Current fire rotation periods for national forests in the central
hardwood region range from 900-6,000 years (Haines and others 1975).

Fires, along with widespread grazing, led to open, park-like stands with little
undergrowth (Greely and Ashe 1907, Korstian 1927). Schnur’s (1937) data show
that average 80-90 year old even-aged stands on site index 70 lands in the 1920’s
had only 6-8 trees per acre in the 2- to 4-in. diameter classes of all shade-tolerant
species combined. The data of Gevorkiantz and Scholz (1948) in southwestern
Wisconsin show similar trends, with an average of only 18-26 suppressed trees per
acre in the 1- to 4-in. d.b.h. classes. McGill (1991) resampled fully-stocked,
even-aged oak stands in the same geographical region and documented a dramatic
increase in the density of shade-tolerant understory trees. Whereas stands in the
earlier survey had bell-shaped size distributions, the current stands have an
irregular, steeply descending distribution with the largest number of trees in the
smallest size classes.

While disturbances caused by European settlers and subsequent generations are
probably sufficient to account for the widespread occurrence of oak forests on sites
where they don’t ordinarily appear to be competitive, a plausible hypothesis is
needed to explain how oaks were able to dominate the landscape for thousands of
years before settlers arrived. It is a difficult issue because fire would probably
have had to occur more than once during the lifespan of an oak stand to prevent
succession to other species, particularly if the fires were of low or moderate
intensity. Yet, the available evidence suggests that Indian populations were
relatively small and lightning fires relatively uncommon (Schroeder and Buck 1970,
Barden and Woods 1973).

The hypothesis that fire was a major factor in accounting for the dominance of oak
forests on mesic sites does not presuppose that the entire landscape had to be
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burned at frequent intervals. First, as already noted, many dry sites and some
average sites appear to be able to maintain stable oak forests in the absence of fire.
Second, sizable areas of the central hardwood region are known to kave been
covered by non-oak forest in presettlement times. Beech-maple forest, mixed with
hemlock in some areas, covered large areas of New York, northern and central
Pennsylvania, and northern Ohio. Mixed-mesophytic forest also occupied many of
the good sites in West Virginia, eastern Kentucky, and central Tennessee (Sargent
1884, Braun 1950, Kuchler 1964, Whitney 1990). In the oak savanna regions of
the Midwest, the role of fire is already established beyond reasonable doubt. Thus,
the areas in which the frequency and impact of fire are most in question are the
eastern Piedmont, the Ridge and Valley province, and the Southern Appalachian
Mountains. The following is a brief overview of the available evidence in those
areas and a discussion of problems that remain.

There are indeed many references by early travelers and colonists to the widespread
practice of woods burning by Indians. In fact, few writers of the time who
included any significant account of the vegetation failed to mention the practice or
its effects on the forest. A number of these accounts, but by no means all, were
reviewed by Maxwell (1910), Day (1953), and Lorimer (1985). The following
description of coastal Massachusetts by Wood (1634) has many of the elements that
occur frequently in these accounts:

There is no underwood saving in swamps and low grounds that are
wet . . . for it being the custome of the Indians to burne the wood
in November, when the grass is withered, and the leaves dried, it
consumes all the underwood, and rubbish, which otherwise would
over grow the Countrey, making it unpassable, and spoyle their
much affected hunting; so that by this meanes in those places
where the Indians inhabit, there is scarce a bush or bramble, or
any cumbersome underwood to bee seene in the more champion
ground. . .

Morton (1632) implied that the practice was so widespread in coastal Massachusetts
that trees not scorched or damaged by fire were difficult to find:

So that hee that will looke to finde large trees, and good tymber .
. . must seeke for them, (as I and others have done) in the lower
grounds where the grounds are wett when the Country is fired ...
Jfor the Salvages by this Custome of theirs, have spoiled all the rest:
Sor this Custome hath bin continued from the beginninge. . ..

Since the fires were often set or accidentally started during periods of dry weather,
and usually no attempt was made to control them, they could spread over large
areas. Loskiel (1794) noted that "these fires run on for many miles," and Morton
(1632) described the typical fire as "burning continually night and day, until a
shower of rain falls to quench it." In New York, Van der Donck (1656) described
the woods burning as a "yearly custom” and that some fires were quite intense,
"for it frequently spreads and rages with such violence, that it is awful to behold."

Russell (1983) has challenged the idea of widespread intentional burning by
Indians. She notes, with some justification, that early writers did not necessarily
imply widespread burning of the landscape, but only "in those places where the
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Indians inhabit" (Wood 1634) and "in all places where they come" (Morton 1632).
She also feels that the writers may have been biased, and exaggerated the openness
of the woods in order to attract more colonists. However, the descriptions of fire
use and open woods with little undergrowth are consistent among many groups of
people including priests and missionaries (Loskiel 1794, Rights 1947), surveyors
(Lindestrom 1656, Byrd 1728), botanists (Bartram 1791), early historians (Norris
1890, Logan 1859), and early explorers and traveiers with no specific land claims
in the areas described (Smith 1616, Lawson 1709, Grant 1946). In Massachusetts,
independent evidence can be found which supports the accounts of Indian burning
related by Morton and Wood. Colonial records of Massachusetts indicate that in
1677 the court was "informed that great damage hath happened to several persons
in the outskirt plantations by Indians kindling fires in the woods in the latter part
of the yeare", and passed a law limiting the times during which Indians could set
fires (Hough 1882).

A more difficult problem than writer bias is probably the fact that these early
accounts do not provide a systematic view of the landscape. Early explorers often
traveled along rivers, where evidence of Indian activities was more likely to be
seen (e.g., Lawson 1709, Bartram 1791), or used Indian paths and trading paths
connecting different villages. Also, early colonists tended to settle first in those
areas that had been cleared by Indians (H. S. Russell 1980) which might not be
representative of the general landscape.

The diary of Col. William Byrd is therefore of particular interest because in 1728
he was involved in surveying the boundary line between Virginia and North
Carolina, and was therefore confined to a compass line. The frequent references
to fire and fire effects do give the impression that fire was a major factor on the
landscape in that region. Byrd made several references to extensive thickets of
saplings that appeared to be of fire origin, as when he reported that they "Scuffled
thro’ a mighty thicket, at least three miles long. The whole was one continued
tract of rich high land, the woods whereof had been burnt not long before. It was
then overgrown with Saplings of Oak, Hiccory, and Locust . . .." When the Byrd
party reached the mountains, near a major Indian trail, they encountered a "great
fire" which Byrd attributed to Indians. Most importantly, Byrd made general
remarks about fire frequency, stating that "the woods are not there burnt every
year, as they generally are amongst the Inhabitants. But the dead Leaves and Trash
of many years are heapt up together, which being at length kindled by the Indians
that happen to pass that way, furnishing fewel for a conflagration that carries all
before it." The contrast in fire regimes between these mountain forests and areas
more densely settled by Indians, which Byrd considered to be subject to widespread
burning each year, provides independent confirmation of accounts elsewhere by
Morton (1632), Wood (1634) and others.

The low importance of shade-tolerant species over extensive areas of the Piedmont
and Ridge and Valley provinces in presettlement times provides indirect but
important evidence on presettlement fire frequency. Tolerant species appear quite
capable of dominating the overstories on many sites (e.g., Abrams and Downs
1990, Abrams and Nowacki 1992), so we must consider why these strong
successional trends did not also take place in presettlement times. If fire was
indeed the principal factor restricting the occurrence of these species (cf. Kline and
Cottam 1979 and Grimm 1984 for midwestern examples), then the rarity of
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late-successional forests on the uplands suggests the influence of fire may have
been widespread and pervasive.

Scientific Evidence on Fire Frequency. Modern scientific studies can provide
independent data for comparison with historical accounts. Studies of fire scars on
living trees are unfortunately very limited because by the 20th century old-growth
oak forest was already very rare. Apparently the only evidence for the eastern
Piedmont/Appalachian region is based on a cross-section of a single large white oak
in the New Jersey Piedmont, which, however, had several fire scars between the
period 1641 and 1711 (Buell and others 1954). Some indication of presettlement
fire frequency in other areas is given by a study by Lutz (1930) of a hemlock-beech
forest on the Allegheny Plateau. In spite of the typically low fire frequency in this
forest type, and the fact that the stand was located on an east-facing slope in a
remote area near the headwaters of a small stream, Lutz found evidence of at least
five major fire dates for the presettlement period 1725-1795. Fire scar studies
should be done soon in the remaining old-growth Appalachian oak stands before
the demise of old trees that were alive in presettlement times.

A promising approach to investigating presettlement fire frequency is the analysis
of charcoal fragments in sediment cores from bogs and ponds. Although few
studies of charcoal have yet been done, Watts (1979) and Patterson and Backman
(1988) found charcoal throughout the sediment profiles in nine different sites in
western Virginia, central Pennsylvania, coastal New Jersey, New York, and
Massachusetts. In a number of cases there was no indication that charcoal was less
abundant in the several thousand years prior to European settlement than afterward.
In a site adjacent to the Little Tennessee River, Cridlebaugh (1984) also found
charcoal throughout the profile. However, in this case charcoal abundance
increased by an order of magnitude after A.D. 1000, when Indian agricultural
activities intensified, and showed another dramatic rise at the time of European
settlement.

Indian Setlement Patterns. How widespread were Indian effects on vegetation?
Archaeological and historical evidence indicates that although villages were
generally located near streams and rivers, Indians themselves used a wide range of
environments and the pattern of use frequently shifted. Indians in the Archaic
period (ca. 8000-1000 B.C.) were migratory hunter-gatherers and made the greatest
use of upland habitats. In North Carolina, Ward (1983) noted that signs of the
Archaic cultures "covered the Piedmont landscape, leaving a network of tracks that
is hard to miss . . . The broad alluvial valleys, the rolling upland hills, and the
banks of small streams were all occupied, visited, or utilized at some point during
the 6,000 to 7,000-year span of the Archaic period.” After the widespread
adoption of agriculture (ca. A.D. 1000), there was a dramatic shift of village sites
to the floodplains of major rivers and streams (Purrington 1983, Thornton 1990).
However, upland sites continued to be used, perhaps as temporary base camps for
deer hunting and nut harvesting (Ward 1983). In the Smoky Mountain region,
40-50 percent of food processing sites continued to occur in upland zones,
including benches, coves, and saddles between mountains (Purrington 1983).

Knowledge of Cherokee villages and population levels is probably more accurate
than for some other tribes, and can perhaps give some indication of the probable
impact on the landscape. The Cherokee population in the early 1600’s, prior to
contact with European diseases, is estimated to have been between 22,000-30,000
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people distributed over approximately 52,000 square miles, with an average
population density of about 16 per 25 square miles (Thornton 1991). The
population was concentrated in at least 60 villages along major branches of the
Hiwassee, Little Tennessee, and Tugaloo rivers. Goodwin’s (1977) map of known
villages (ca. 1700) shows that even villages on different rivers were usually not
more than 15-20 miles apart, while villages on the same river were usually only
a few miles apart. Because of this dispersion of villages across the region, it is
likely that Indians could have had a major impact on the intervening upland areas.
As Bishop Spangenberg commented in 1752: "The woods are full of Cherokees,
and we see their signs wherever we go. They are out hunting.” (Rights 1947).

It is important to keep in mind that Indians, even after the advent of agriculture,
were migratory and hence would have had more impact than their numbers alone
might suggest. In the early 1600’s, John Smith wrote that when the Indians of
coastal Virginia went hunting, "they leave their habitations, and reduce themselves
into companies, as the Tartars doe, and goe to the most dessert [uninhabited] places
with their families, where they spend their time in hunting and fowling up towards
the mountains, by the heads of their rivers, where there is plentie of game . . .
Having found the Deere, they environ them with many fires, and betwixt the fires
they place themselves.". Loskiel (1794) likewise noted that Indians in the
mid-Atlantic region commonly set out for long hunts lasting 3-4 weeks, and often
several months. In addition, warfare and trade often prompted Indians to travel
astonishingly long distances. For example, it was not uncommon for the Iroquois
of central New York to travel to South Carolina to make war against the Catawbas
and into Florida to fight the Creeks (Byrd 1728, Myer 1971). Long-distance travel
for hunting, warfare, and trade was made possible by a complex and surprisingly
dense network of trails. Maps of known Indian trails, such as those in
Massachusetts (Russell 1980), Pennsylvania (Wallace 1965), and the Southeast
(Myer 1971) show that relatively few stands would have been located more than
15 miles from the nearest Indian trail (figure 3). This would have rendered many
stands in otherwise sparsely settled areas subject to occasional accidental or
intentional fires.

A final resolution of the Indian fire question is not possible at the present time.
It is probably reasonable to state, however, that the available historical and
scientific evidence is consistent with the hypothesis that Indian fires were
widespread and had a major impact on the landscape. More evidence on charcoal
deposits in sediments and fire scars in old-growth stands may help clarify the issue
of local fire frequency. Also, by integrating evidence on fire size distributions in
the absence of suppression (e.g., Hough 1882) with evidence on Indian populations
size and distribution, it might be possible to judge whether or not fires could have
been frequent enough to account for the original distribution of oaks on sites where
they don’t ordinarily appear to be competitive.

A number of factors, including poor seed production, consumption of acorns,
damage to seedlings by animals, adverse spring weather, and poor development of
oak seedlings under dense canopies, are known to contribute to oak regeneration
failures. Each of these factors can probably lead to local oak regeneration failures
at certain times and places. The degree to which the regional oak regeneration
problem is caused by interactions of all of these factors is still not well known.
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Figure 3—The network of recorded Indian trails in Tennessee and surrounding areas in the
early colonial period, compiled by W. E. Myer in 1923 (Myer 1971).

Relatively little evidence, for example, is available on ambient levels and resulting
impacts of insect defoliation of oak seedlings or deer browsing over large areas.

The principal bottleneck to successful oak regeneration, nevertheless, does not
usually seem to occur in the seedling germination stage. Most mature oak stands
already have hundreds or thousands of oak seedlings per acre in the understory.
A major limiting factor is that these seedlings usually have slow juvenile growth
and low survival rates on good sites, even after the overstory is removed. Studies
have shown that the development of a shade-tolerant understory layer is particularly
detrimental to adequate development of oak advance regeneration, and historical
evidence suggests that most oak stands developed in situations where fire, grazing,
and other disturbances periodically removed this small-tree layer. The hypothesis
that a major factor in the regional oak regeneration problem has been the
widespread development of shade-tolerant saplings on mesic sites after alteration
of the disturbance regime is consistent with life-history traits of several of the
common upland oak species, and helps explain several observed features of the
regional problem. For example, the disturbance hypothesis can account for the
relatively sudden increase in oak regeneration failures after the 1930’s and 1940’s,
the geographically widespread nature of the problem, and the fact that oak
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regeneration has usually not been a problem on drier sites. Although limited
quantitative evidence on fire frequency in presettlement times is perhaps the
weakest aspect of the hypothesis, there is considerable historical and some scientific
evidence that fire frequencies were much higher in presettlement and postsettlement
times than at present. Additional field studies on fire history, and controlled
experiments on factors affecting oak regeneration, will help resolve some of these
uncertainties.
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An evaluation of oak regeneration, based on published literature and direct input
from researchers in the field, is presented for 31 oak species native to the United
States. The evaluated species include 12 from the white oak group, 18 from the
red oak group, and one from the intermediate oak group. There are 25 species
from the eastern United States and six from the western United States. Twenty of
the species are indigenous to upland sites and 11 are considered bottomland
species. A general summary of key silvical characteristics is provided. An attempt
has been made to assess regeneration success of each species in terms of
geographic location, site quality (two levels), and regeneration type (seedling,
seedling sprout, or stump sprout). A qualitative evaluation of the level of research
knowledge available about the regeneration of each species is given.

Quercus is the classical Latin name of the oaks. It is thought to be of Celtic
derivation meaning fine and tree (Little 1979). Oak is the largest tree genus in the
United States and is the most important hardwood genus. The oaks are the major
component of eastern deciduous forests and dominate stands in central and southern
upland forests. In addition, they are a significant component of mixed bottomland
hardwoods throughout the eastern and southern United States, and occur on valley
and slope sites in the semi-arid regions of the western United States. They are not
found in the Great Plains region.

The oaks are of major economic importance for wood products as well as for
numerous wildlife, recreation, and aesthetic uses and values in both rural and urban
forests. The wood of oak species has long been known for its strength, durability,
and beauty. It is widely used in products ranging from fine furniture to rough
construction material, railroad cross-ties, various types of cooperage, and mine
props. Acorns are a primary source of hard mast and a mainstay in the diets of
many animal and bird species. The majestic oaks are known for beauty and are
highly sought after for lawn and shade trees.

The oak genus (Quercus) is one of the eight genera of the beech family (Fagaceae)

found worldwide. Of the estimated 500-600 species of oak, most are found in the
northern hemisphere. Some 200-250 species are found in North, Central, and
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South America, and 300 or more species are scattered throughout Europe, Asia,
and North Africa (Little 1979, Harlow and others 1991). There are 58 recognized
native oak tree species in the United States and Canada, one naturalized tree
species, and about 10 native oak shrubs. There are about 125 species native to
Mexico, 45 species native to Central America, five species in Colombia, and one
species in Cuba (Little 1979).

For the most part, oaks are durable and relatively long-lived when compared with
associated species. Ages up to 700 years have been recorded (Hora 1981). In the
United States, extremely large-sized oaks have been documented. A classic
example is a white oak (Q. alba L.) that was cut in 1913 near Lead Mine, West
Virginia. This giant was 13 ft. in diameter 16 ft. at the base, and 10 ft. in
diameter 31 ft. from the base (Clarkson 1964).

Unquestionably, oaks are a highly valued and important species. They have many
important uses and values, and the forested land base on which they are growing
is under extreme pressure for conversion to alternative land uses, as the nation’s
and the world’s populations continue to grow and the demands for land-based
resources continue to intensify.

Whenever there is an abundance of any resource or commodity, and that resource
or commodity is readily available to people who want it at a price they are willing
to pay, then there is no problem with that particular resource. Oak in forests is in
high demand for a variety of uses and values. But, the amount of oak that
regenerates following a harvest or major disturbance is often less than was present
in the parent stand. Or, forestland owners often want oak in their stands even
when they did not have it in the previous stand. The mere fact that you want oak,
and you do not get it, constitutes a problem regardless of the reasons for not
getting it.

Two basic types of problems apply to failures in obtaining the desired level of oak
regeneration. A scenario for the first type of problem is that a forest landowner
or forest manager wants oak regeneration; however, an analysis of known
biological and site information indicates that oak regeneration is highly unlikely.
A scenario for the second type is that all of the biological and site data indicate that
regeneration should occur, but it does not. Oak regeneration was an objective in
both scenarios, but it did not occur; the bottom line in both cases is that it did not
occur; therefore, oak regeneration is a problem. As research silviculturists, it is
very important that we clearly distinguish between the two basic problem types so
that viable research efforts are not misdirected.

In the first problem type, where we can clearly determine that the biotic and abiotic
conditions were not conducive to oak regeneration, we need to clearly communicate
this to the landowner or manager. It is quite probable that we can suggest
appropriate cultural practices to alter the biotic or abiotic conditions so that the
probability of obtaining oak regeneration is enhanced.

In contrast, the second problem scenario is more perplexing and problematic to
silviculturists because, although the biological and site conditions indicate that
successful oak regeneration should occur, it does not, indicating that factors may
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