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Preface

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

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

Each of the papers in the Proceedings received
technical and editoria review; all
reviewers comments were made in the form of
suggestions, however. Therefore, the content

and accuracy of each paper is the responsbility
of the author. Overdl, the Core Team fedsthat
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 symposum fills the need for
“results now. "

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

The Core Team especidly thanks Bill Hamilton
(USFS-Retired) and Tami Steppleton (USFS),
for their dedicated, persstent 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 technicd forestry in this country there were
referencesin 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 Stes. Mogtly 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
Steswithout substantial numbers of vigorous advance oak the stands of the future
would be quite different. The new stands generdly 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 oursdlves with a growing knowledge about oak ecology and slviculture
but without a convincing history of being able to prescribe with certainty ways to
increase the amount of oak in new stands.  Congdering the tremendous value of
oak foredts there is an urgency to improve oak management and to give high
priority to long-term research.

Is oak regeneration redly a problem? Experts believe that on many sites now
occupied by oak, regeneration will become incressingly difficult. How can that be?
Oaks are the most prevaent forest types in the United States and dominate much
of the East’ s landscape. Volume growth exceeds commercid removals. It is even
more contusing to remember that the present stands were born out of very harsh
efforts to ether convert forest lands to agriculture through tire 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 trestments plus the loss of chesinut (Castanea dentata) in the Appaachian
region that favored oak. Some recommended practices of the last 50 years favor
other species at the expense of oak, especiadly on moigt stes where oak qudity is
best. Paradoxicdly, we find oak on some of the areas we thought were
mismanaged in the past. | believe there is a pressing need for practica aternatives
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
aethetratsthat have sustained it through centuries of insults. We have been too
impatient in dedling 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 a the past as prologue for this conference. | have drawn on sdected
literature dong with my own recollections. Consequently, this paper is a collage
of facts and persona experience.

To the firgt 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 contragt, native Americans living in eastern
forests did not rely as much on agriculture and dearing.  Thelr 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
problemsin France, Germany, and Greet Britain. Oak was an ealy export of the 5
American colonies because it was becoming scarce and expensive in Great Britain. F

Ealy American textbooks reflected European Slviculturd 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 plausble reasons for this lack of concern: (1) Hidoricadly much of the
hardwood forest was an unwanted barrier to agriculturd development; (2) After
severd hundred years of harsh treetment and neglect oak trees were il 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 historicd precedence of
abundance. We wait to respond to a problem that has emerged over along time

until it has the potentia to reduce future supplies. Conddering the ecologicd,
economic, and socid forces involved we must redigtically expect a decline in the
oak forest types. However, it is certainly not “too late”’ to develop and extend the
necessary technology to maintain hedlthy and useful stands throughout the range
of oak.
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CURRENT CONCERNS  Specific concerns for oak regeneration in the United States go back at least to the
NOT NEW ealy 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 Korgtian 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' sfirg edition was
printed in 1921 and likely followed European practice. Smith (1962) made a good
review of oak regeneration shelterwoods in his slviculture 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 find harvest. This excellent
perspective is gill the conventiond wisdom for extensve management.

Liming and Johnson (1944) described oak reproduction in the Missouri Ozarksin
1933 when fire protection started on the new National Forests. Reproduction
aopeared to be sparse and in poor condition. But within afew years sprout stands
emerged from exiding roots.  Seedling numbers aso 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 | 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
excdlent higorica 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 Eadt. In the 1950’ s Scholz, Arend, Johnson, and
others worked on oak regeneration problems as they developed in southern
Wisconsin and adjacent Lake States aress.

Information was dso accumulating in the Centrd 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 speciesligtsit 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. lllinois 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
[llinois and showed how oak, especidly white oak (Q. alba), grew and devel oped
in group selection openings (Minckler 1989).

Studies of oak seed production in North Carolina and Georgia (Downs and
McQuilken 1944) dso 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 dso 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 | remeasured plots on the Berea College Forest in Kentucky. The plots were
cut in 1923 by the old Appalachian Experiment Station. Sugar maple (Acer
sac&rum) dominated the understory but red oak (Q. rubra) dominated the
oversory. 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 ealy impresson on
me because a maple understory was developing under many mixed oak standsin
the Midwest as fire control took hold.

Also, in the mid-fifties | made my firg 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 prevdent we began to see more yellow-poplar dong with red maple
(A. rubrum). Later, Beck (1988) gave an excdlent synthess and forecast for
continued increases of yellow-poplar and other fast growing species a the expense
of oaks unless specid 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 beneasth mature oak stands is of grave concern to the forest
manager Snce oak regeneration is virtudly impossble to obtain quickly.” They
too found that the compostion of the new stand depended largely on the
composition of the understory before harvest.  However, they counted more oak E
seedlings than expected in a survey of 59 areasin eight counties.  The gregter the ‘
past disturbance from fire, logging, and grazing, the more oak they found. L

Studies in West Virginia (Weitzman and Trimble 1957, Cavell and Tryon 1961) :
and from other locations showed that moist sites are more difficult to regenerate ?i‘
to oak than are dry Sites. The basic problem on moigt sites including bottomlands :
IS understory competition.

In 1960 the Divison of Forest Management Research of the old Centrd States
Forest Experiment Station under A.G. Chapman prepared a comprehensive
problem andysis, 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 al kinds
of harvests, (2) Even-age slviculture was better for centrd hardwoods than
sdection siviculture; (3) Nearly dl clearcutting trials had adequate oak; (4) There
was strong evidence that oak consgtently followed partid cutting; (5) Mgor
objections to clearcutting related to concerns about sprout stand quaity and
increased competition of undesirable species, and (6) The quaity and importance
of advance reproduction was in a ate 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 Slviculture sudies. 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
dlviculturd research in Illinois and lowa

Natura 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 deta for
some of the tenets of centra hardwood regeneration at that time.  Cutting method
had little effect on the amount of regeneration except for yelow-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 atitica tables showed that the Indiana plots-all in one location on
the Hooser 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 firg Oak Symposum in
1971 & Morgantown, West Virginia This followed a specid sesson on hardwood

dlviculture a the 1968 Society of American Foresters Convention in Philadelphia.
| gave papers on regeneration at both meetings a the height of my “oak missionary

days’ (Clark 1970 and Clark and Watt 1971). Although no longer a research doer,
| was part of the movement to get more research results into practice. At the 197 1
Oak Symposum, Richard Watt and | synthesized our regeneration
recommendations from the work of severd researchers including our own. We
stated that most maturing stands had enough advance oak but somedid not. We
had no data on the importance of this problem.  Our synthesis has held up fairly
wdl. Since then a number of technica issues are now better resolved through
continuing research and new information.  Yet, in those 20 years since the first
Symposium, progress and proof seem dow. It is the nature of oak.

Many attempts have been made to plant oaks but successful plantations were rare
inthe past. Midwest forest tree nurseries have grown and shipped oaks since the
1930's. | persondly checked a number of old oak planting sites from the records
of the Hooder Nationd Forest; dl stes were old fidds, dl were falures. In the

late 1950's Bob Williams and | included oaks in our hardwood nursery practices
and planting research in Indiana  Most of our time was spent on black walnut
(Juglans nigru). 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 al hardwoods.

Following a series of sudies garted in the1960’s, Johnson (1985) reported some
success with oak underplanting in Missouri. More recent oak planting studies have
produced positive results on upland sitesin the Central and Lake States, the Mid-
South, and the Northeast. There are aso reports of successful planting on
bottomland stes. The god is to subdtitute planted oak on problem sites without

natura oak regeneration. The outlook for operationd planting is now much better,
but risks and cogts are ill high.

Early researchers recommended that advance oak must be bhig or vigorous enough
to compete in the new stands, but specifics on sze 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
inthe new stand. He suggested it would be better to have 6-t0-8 ft, regeneration
before find 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 yearsin partid cut stands with only 29 percent overstory stocking. This
is a hit chilling when consdering shelterwood schedules in areas with scarce
advance oak.

Sander, Johnson, and Waitt (1976) developed specific guiddines to evauate the
adequacy of advance oak. Thiswork continues to be refined but applies mainly to
Missouri. Cavell (1979) did some origind work on the importance of recognizing
not only the size but aso 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 potentid for areasin the
Appalachians.

Most authors stressed that it is essential to have large numbers of well-devel oped
oaks in the understory prior to the find harvest.  In sharp contrast, Johnson and
others (1989) reported on a mesic Ste clearcut in southwestern Wisconsin that was
successfully reproduced with new red oak seedlings. In this generd area o&k is
being replaced through successional pressure of more tolerant species. In this case
study, competition was greetly reduced by treeting the understory with herbicides
2 successive years, and then removing the overstory after a good seedfdl. The
authors aso cited examples of both success and failures with fewer and smdler
advance red oaks than usualy recommended. Johnson and others (1989) suggested
that competition control with herbicides may subgtitute 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 sill need specific prescriptions supported by practica
demongtrations for a variety of problem aress.

In 23 sdectively cut private woodlands in southern Indiana, 95 percent of the
openings created were too smdl to stimulate advance oak growth (Calahan and
Fischer 1982). O&k was a subgstantia 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 serioudy 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 yelow-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 yelow-poplar/oak trends in a large number of
commercid 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 lowa and Missouri are
In various stages of converson 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 substantid oak component is suddenly experiencing
rapid overstory  decline. In spite of the fact that this middle Tennessee ol d-growth
on an excdlent ste had survived for decades, there is little chance that oak will be
in the new dand under naturd successon. Some easten stands with severe gypsy
moth mortdity are not returning to oak but are now occupied by such low-vaue
gpecies as red maple that dominated the understory when the oak overstory
declined. The potentid loss of the oak type through gypsy moth is devastating.

Tracing the higtorical development of 46 red oak stands in northern Wisconain
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 dl but the
driest sites. The authors provide a brief overview of the mostly 1980’ s ecologica

literature to support the growing belief “that ahigh proportion of sands are on the
threshold of a dramatic change in structure and composition.” They too suggest

that dry Stes may be an exception to the ecologica “ingtability” 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
along time but evidence accumulates with the time it takes for ecologica 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)
aso refers to the present abundance of oak in eastern forests as “an artifact of

disturbance regimes that are no longer common.” Spencer and Kingdey (1991)

give us definitive ingght to oak resource problems from the perspective of forest
inventory type changes. Their andysis 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 typeslost 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 classfication anomay 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 annua conversion
of 1.9 percent of oak types into the more mesic maple-beech type. This report aso
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 themsdves.  Spencer  and
Kingdey suggest that red oak is being overcut in lllinois and Indiana.  Research

economigsin 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
domegtic and export logs are up dramaticaly, suggesting a growing scarcity of
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AND WHAT OF THE
FUTURE?

“avalable’ high queity trees History repeats itsdlf, only this time it is not a
shortage of oak for shipbuilding and fud.

Nyland (1992) has expressed srong concerns about potentidly serious
consequences of sdective 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 vaues
in the future, epecidly among ocak communities” Raph Nyland, one of the
countries leading hardwood slviculturigs, cdls on practicing foresters to be more
aggressive in promoting good forestry to stop the second greet explaitation of the
eastern  forests.

Spencer and Kingdey's (199 1) anaysis of what is happening in the Upper Midwest
is adramatic picture of recent “historical” trendsin oak ecology. Consdering the
Indiana data, the Stuation is cause for serious concern for those who want to
maintain oak on good gtes. Are we redly witnessng successond changes taking
place at a rapid rate? Yes, but it is not dl “naturd” successon. Seectively
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 automaticaly changes the type. What
is left, the residud type, does not bode well for regenerating a new oak stand.
Other harvest methods, such as clearcutting without vigorous advance oak
regeneration, can aso 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 qudified 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 Centra

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 trandfer. 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, vaidation, and perhaps additiona research and
testing to account for regiona ecologicad differences and past treatments. In my

experience, the call for more research is often based on an inadequate knowledge
of information that aready 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; | include my own generation as part
of the problem. Oak slviculture 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 trestments and environmenta influences. Unfortunately, a lot of past
long-term 0ak research has been discontinued due to costs and changing priorities.
With new technology to handle data it is not too late to savage some of this work,
especidly on aress with good understory records. A new look a some of the older
sudies may answer avery important question: Will oak outlast some of the more
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mesic species? Recently there has been acall for more financid support for long-
term, basic ecologica 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, | beieve: “Our research must be good, but
it must be good for something.”

In the past 10 years there have been at least Sx mgor conferences, from
Pennsylvania to Minnesota and now Tennessee, that have addressed oak problems
and solutions. From an higtorical 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 vadt extent of the oak forests with their inherent and acquired
variations makes them very difficult to know and manage. With that difficulty
comes the chdlenge 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 @ process, not an event.
| commend to both researchers and managers a reading of some of the older
literature. It is educationd, 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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Causes of the Oak Regeneration Problem

Craig G. Lorimer, Department of Forestry, School of Natural Resources, University of Wisconsin,

ABSTRACT

INTRODUCTION

Madison, W1 53706

Higtorical 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 Stes are now dominated to various degrees
by other hardwood species. Severd 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 faillures. However, mature oak stands usually have severa hundred to
severd thousand oak seedlings per acre present in the understory. The crux of the
problem often gppears 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 maor 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 &fter fire or were
periodicaly 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 hypothes's are discussed.

If a panel of practicing foresters and researchers were asked to “round up the usud

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
animds, and intense competition with other vegetation have dl been implicated.

Foresters also wonder about recent changes in the environment. Fresand grazing
ae no longer a dominant force, woodlands are fragmented in many areas, chestnut

(Castanea dentata) is no longer a mgor component of the canopy, predator control

has dtered anima populations, new insects have been introduced from other
continents, and the climate may be changing.

Aredl these factors having a mgor impact on oak regeneration? It may be useful
to make a digtinction 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 itsalf of causing complete
regeneration falures. A limiting factor, on the other hand, ¢an cause nearly
complete regeneration failures even if no other aggravating factors are presant. It
is possible, of course, for certain factors to be merely aggravating a some times
or places and limiting in others.

Because of this variahbility, we need to view “the oak regeneration problem” as
having both local and regional aspects. Oaks, like other species, can have [gcal

regeneration falures in response to chance factors such as seed crop failure or
locally intense browsing. Bt it is the rlatively sudden and repeated regeneration
falures over widdly separated areas that have been the cause of recent concern.

Questions naturdly arise: Is there a common underlying cause behind the regiona
problem? Is the regiona problem caused by the cumulative impact of a host of
aggravating factors or primarily by one or more limiting factors?

The ided solution to resolving these questions would be to conduct controlled
experiments that would smultaneoudy evauate a number of factors and would be
replicated in severd geographica areas. One study underway in the Northeast
may, in afew years, hep sort out the importance of various factors in that region

(Galford and others 1991). In the meantime, a review of causd factors over the
central hardwood region musgt rdy on a combination of limited experimenta

evidence, observationa data or empirica correlations, and historica evidence,

Faced with a host of possible causal factors and limited evidence, a reasonable
placeto sart isto list anumber of facts concerning the oak regeneration problem
that must be explained by any convincing hypothesis. The following list indludes
some of the mgjor consderations.

(1) Oéks have dominated much of the centra hardwood region for over 6,000

years. At the end of the glacid 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, Waitts 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 lllinois (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 dready dominant over large sections of the landscape and
maintained by naturd regeneration long before European settlement.

(2) Oak regeneration failures appear to have been a widespread problem only in the
last 50 yearsor so. Thistrend is seen most clearly by the fact that oak stands on
mesic Stes clearcut after about 1930 are now frequently dominated by species such
as maples (Acer rubrum and A. saccharum), ydlow-poplar (Liriodendron
tulipifera), hickories (Carya spp.), and black cherry (Prunus serotina), while stands
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REVIEW OF
EVIDENCE ON
POSSIBLE CAUSES

originating prior to 1930 on Smilar Stes are usudly 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
Ste specific nature of oak regeneration problems has been known for some time
(e.g., Wetzman and Trimble 1957). Until more detailed habitat classfications are
available, Ste index can serve as arough guide. In many aress, Stes with an oak
Sl of 60 ft. or less are likely to support stable, salf-perpetuating oak forests, while
those with S > 60 are likely to convert whally or in part to more mesic species
(Hilt 1985, Hill 1987, Loftis 1988b, Zaldivar-Garcia and Tew 1991). Stable oak
forests usualy 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 hypothess
should be able to explain this clear habitat-rdated variability. For example, if
insects or deer are proposed as limiting factors, is there evidence that animd
damageis condgently less seriouson S 60 landsthan on Sl 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 mideading (Bey 1964,

Oliver 1978). Whether or not oak will be amgor 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 dratified 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 stes in the Ridge and Valey section of centrd Pennsylvania (Abrams and
Nowacki 1992), cove forests of the southern Appalachian Mountains (Beck and
Hooper 1986), upland Sites in southern Michigan (Gammon and others1960), and
upland sites of southwestern Wisconsin (Johnson 1976, Hix and Lorimer 1991).

A Smilar sudy on an average sSte in southeastern Ohio suggests a significant
reduction in the oak component (Heilignann and others 1985). Succession of oak
forests to sugar maple and other shade-tolerant species is less certain but dill likely
to occur on mesic Sites examined in eastern Tennessee, central Indiana, southern
[llinais, and the River Hills area of Missouri (McGee 1984, Parker and others
1985, Schlesinger 1989, Pdlardy and others 1988).

From this evidence it is clear that oak regeneration problems are not confined to

northern sates at the margin of the range, which might otherwise be most affected
by dimatic change. Also, problems are occurring far outsde the origind 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 usudly depends on the existence of seedlings
in the understory before harvest (Sander 1972, McQuilkin 1975), poor seed crops
and high rates of consumption by animds can have sgnificant 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 locd factors might occasiondly lead to regeneration failures
from this cause. Smith (1993) has reported that average intervals between good
acorn crops may be aslong as 10 years in the centra Appaachians.

Destruction of acorns by insects, rodents, and deer is probably a more important
factor in mogt aress, aloss of 90 percent of the current crop istypica (Arend and
Scholz 1969, Marquis and others 1976, Galford and others 1991). In a recent
sudy in Pennsylvania, rodents removed virtudly 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 greetly in different stlands 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 potentidly be
limiting factors in some locations. Whether it is a major cause of the regiona
problem is not as clear. Thorn and Tzilkowski (1991) point out that by burying
acorns in well-distributed caches, smal mammals may actualy facilitate seedling
geminaion.  In tha <udy, smal mammd activity resulted in 28,000
welldistributed 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 centrad hardwood region shows that most mature stands have
severa hundred to several thousand oak seedlings per acre a 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 aress. 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, epecidly on mesic Stes
(Johnson 1985). A newly established cohort of seedlings in a mature stand on a
good ste in the Southern Appalachians had alo-year surviva rate of 10 percent,
with negligible growth of the survivors (Loftis 1988a). Could repeated ~ defoliation
and other anima damage be a factor in causing high mortdity and dow growth?

Evidence on seedling damage by insects is very fragmentary.  An insect with a
potentially serious impact on oak seedlings is the Asatic oak weevil (Cyrtepistomus
castaneus) because larvae feed on fine root hairs and adults feed on leaves

(Triplehorn 1955, Roling 1979). The wesvil, introduced from Japan and first
recorded in New Jersey in 1933, is now didtributed 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 stat of mgor oak regeneration fallures, but for that to be considered a principa
limiting factor, evidence would probably be needed that weevil activity is
concentrated on mesic Sites where most oak regeneration failures occur.

The potentid 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) issufficient to creste 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 o little
advance regeneration of hardwoods that clearcuts revert to grass and scattered
shrubs (Marquis 1974).

Published evidence on the effects of deer browsing on o2k is very limited outsde
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 agame 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 trids 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 densties of 25-35 per square mile
(Pubanz and Lorimer, persond 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, persona communication).
While deer browsing was observed on oak seedlings in a southern Appaachian
cove stand, and may have contributed to the dow growth rate (Beck 1970), the
problem of dow growth persisted long after the deer density had greatly diminished

(D. E. Beck, persond communication).

Deer browsing is clearly alimiting factor for oak regeneration in some places, and
the subgtantial 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 especialy

numerous makes a number of researchers fed that deer are generdly more of an

aggraveting factor then a primary limiting factor. We need more evidence,
however, on the effects of moderate deer browsing on growth rates, especidly
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 historicaly low (USDA Forest Service
1970) but appear to have increased substantidly in recent years (eg., 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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Ancther explanation for the dow growth and high mortality of understory oak

seedlings besides insect and deer damage is the detrimenta 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 Stes where moisure may be
limiting and a moderate amount of light reaches the forest floor, but it is a poor

drategy on mesic dtes 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 baance for
northern red oak seedlings growing under a heavy canopy. As aresult, 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 consdered to be moderatdy
shade-tolerant  (McGee 1981, McQuilkin  1990). However, the shade tolerance of
oaks is markedly less than for many of its mesic competitors. The average S-year
mortality rate for large, overtopped saplings in adry-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 sSite in centra
Massachusetts, overtopped red oak had a 19-year mortdity rate of 90 percent
compared to only 16 percent for red maple (Lorimer 1933).

A recent fidd 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 Stes where the understory layer was removed,
planted seedlings not only had 93 percent surviva, 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
gpecies is often sufficient to prevent the development of vigorous oak advance
regeneration, whether or not other limiting or aggravating factors are present. The
smal oak seedlings typically present on average and good Sites grow very dowly,
and usualy seem incapable of rapid growth even if the overstory is removed (Beck
1970, McQuilkin 1975, Sander 1972, Beck and Hooper 1986). A typicad harvest
operation on meSic Stes creates a Stuation 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 tal saplings of other species capable of growing
18to 24 in. in height per year (Beck and Hooper 1986; Hix and Lorimer 1990,

1991). Early spring frosts, which McGee (1986) found especidly damaging to oak
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seedlings that originated benesth a canopy, could place oak seedlings at a further
disadvantage.

In contrast to mesic stes, 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 sgplings
of shade-tolerant competitors are present on these stes, they may not be numerous
enough or vigorous enough to present a serious chdlenge. Development of
vigorous oak seedlings on mesic stes is feasble, 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, Nowaclci and others 1990). In the following section, evidence
is reviewed on historical conditions that may have permitted the expansion of oaks
onto mesic stes where they ordinarily would not be competitive.

Figure |-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) Norlhern red oak seedlings underplanted in an undisturbed mature oak
lorest in- southwestern Wisconsin bad 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 removex] (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
| ortmer 1992).

[I" ok regeneration on mesic gStes is so difficult, bow did the exiding 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 mogt 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 & the time of
settlement.  These savannas were usualy dominated by the more fire-resstant
species such as bur oak (Q. macrocarpa), white oak, and black oak, and were
“covered with trees about as far gpart asin a common orchard” (Bayley 1954).
Ok savannas are estimaied 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 gpproximately 45 percent oak
savannas, 20 percent prairie and sedge meadow, 25 percent maple and floodplain
forest, and 10 percent oak forest. Thereis little question that these vak savannas
were fire-maintained and tire-dependent (Gleason 1913, Muir 1913, Curtis 1959,
Grimm 1984). For example, in 1750, Father Vivier wrote that in Ibe Ozark
region, “trees are almost asthinly scattered asin our public promenades. Thisis
partly due to the fact that tbe savages st tire to the prairies toward the end of
autumn, when the grass is dry; the fire spreads everywhere ai destroys most of
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the young trees’ (Johnson 1992). In Wisconsin, the more fire-sendtive 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 fird-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
benesth the oaks (Johnson 1976, Jokela and Sawtelle 1985, Hix and Lorimer
1991).

Exiging oak gands in dates farther to the eadt, in the Piedmont-Appaachian
region, originated after 50-100 years of influence by European settlers, and in a
number of different ways

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

(2) Some eastern oak stands gpparently originated in amannea Smilar to those in
the Midwest, after the cessation of repeeted 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 theland. " Grazing was aso widespread at the time
(Gredey 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 benesth a pine canopy (Hammond 1880,
Oosting 1942). In central New England, 65-70 percent of the land had been
cleared for agriculture a some point, but much was subsequently abandoned. Much
of this land reverted to “old-fild” pine. As can be seen today, old field pine stands

usudly have a reaively sparse understory, but oak sgplings 3-15 ft. tal 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 typicaly became the dominant
gpecies in the subsequent stands (Oosting 1942, Lutz and Cline 1947).

(4) Many oak gtands in the mid-Atlantic region gppear to have originated after

repeated, intensve clearcutting to produce charcod for the iron and brick
industries. Because stem qudity was not an important consderation, smal sems
as wel as large could be utilized, and clearcutting was often done at short intervas

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 asingle
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 higtorica circumstances are much
different from the prevalling stuation today, when smal trees arein little demand,

and both logging and naturd blowdown remove only the larger overstory trees and
leave the samdll tree layer largely intact.
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Although our existing oak forests on mesic stes have clearly originated in a variety
of ways, the common denominator in al of these scenariosis that historica events
resulted in a “low competition” environment in which sizable understory trees were
either absent, sparse, or periodicaly eradicated.

Most oak species have biologica traits, such as relatively thick bark and protection

againg rootkill, that suggest an adaptation to periodic fire. Perhaps the most
sgnificant impact of fire is its reduction in the dengity 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 (Zsuga canadensis), but only 12 percent of the oaks and
hickories were root-killed (Swan 1970). Others have reported smilar sdective
discrimination of fire againgt shade-tolerant competitors (Brown 1960, Carvell and
Maxey 1969, Kruger 1992). Fire may aso result in a mgor reduction in shrub

cover (Nyland and others 1982, Abrams 1988, Reich and others 1990). As a result

of this sdlective reduction of competitors, oaks may increase in relaive densty
even if the absolute dengity remains unchanged.

Evidence for pogtive effects of fire on oak seedling establishment, on the other
hand, is currently rather inconclusve. Severd studies of prescribed burns have
shown little or no increase in oak seedling establishment after the burn; in severa
cases, the fire resulted in a grest 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 subgtantially 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 severa reasons for these discrepancies.  Many of the studies
reporting discouraging results are based on short-term observations (2 years or less)
after agngle, low-intensity prescribed burn on good stes. If a good acorn crop
doesn't occur during this period, a subgantid improvement in oak seedling
esablishment is not likdy. A single burn will often not accomplish much, and
may even be counterproductive on mesic Stes, where it may smply ad 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 1983, 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 dl of
the studies reporting increases in oak seedling establishment involved severd burns.
Unfortunately, however, most of the reported successes with fire have occurred on
dry stes. Clearly we need more evidence on the long-term effects of repeated
burns on mesic sites.

The effect of intense wildfire on oak regeneraion has received less attention, but
it isthis type of fire that has produced the most dramatic results on mesic Sites.

Carvell and Maxey (1969) reported that an October wildfire in ayoung 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 (1750-1 930)

dominance by 240 percent compared to unburned sections (Ward and Stephens
1989). Similar results were reported by Brown (1960) in Rhode Idand. In the
northern hardwood region, northern red oak has sometimes displaced the
hemlock-maple type after intense dash fires (Nowacki and others 1990). In such
cases where intengve Ste 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 relativly warm and dry climates, and
pal eocol ogists often use abundant fossil oak pollen as oneindicator of this type of
climate. Oak regeneration falures 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 dso cause an expanson of mesophytic
gpecies onto Sites that were once relatively warm and dry, with a corresponding
ghrinkage of microhabitats that were formerly stable oak Sites.

The issue of possble dimatic effects needs further study, but severd important
lines of evidence seem rather incongstent with the hypothesis that dimatic change
has been a mgor causd factor. There is little evidence in the pollen record that
arather dramatic cooling episode known as the “Little Ice Age’ (ca 1400-1850)
had any substantid impact on osk dominance (Davis 1958, Watts 1979, Peatterson
and Backman 1988). Indeed, most ealy 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 Stes 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 dtes in southern lllinois, southwestern
Wiscongn, and the River Hills section of Missouri, dl of which were & or close
to the origind prairie border (Schlesinger 1989, Pdlardy and others 1988, Hix and
Lorimer 1991).

If a mgor cause of the regiond oak regeneration problem has been the
development of dense understories of competing species on mesic and dry-mesic
gtes, some evidence would be hdpful in darifying 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.

Mog or dl of the factors involved in the creation of exigting oak stands, and
discussed in previous sections, were widespread in the post-settlement era.
Numerous sources, such as Van der Donck (1656), Kam (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 dl of his correspondents throughout the central hardwood region reported
frequent, intentiond burning, and three correspondents in Pennsylvania and
Virginia volunteered estimates of the average percentage of forest land burned in
atypicad year. These estimates ranged from 2-14 percent of the land burned
annualy, equivaent 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 a frequent

intervals, often annualy.” Graves and Fisher (1903) agreed that “‘woodlots which
do not show some traces of fire are scarce.* A magjor systematic survey of the
southern Appaachian region was conducted by Ayres and Ashe (1905), who
reported fire scars on 80 percent of the 6.5 million acres examined. Even aslate
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 nationa forests in the centra

hardwood region range from 9006,000 years (Haines and others 1975).

Fires, dong with widespread grazing, led to open, park-like stands with little
undergrowth (Gredly and Ashe 1907, Korgtian 1927). Schnur's (1937) data show
that average 80-90 year old even-aged stands on ste index 70 lands in the 1920's
had only 6-8 trees per acre in the 2- to 4-in. diameter classes of al 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 geographica region and documented a dramatic
increase in the dengity of shade-tolerant understory trees.  Whereas sandsin the
ealier survey had bell-shaped sze digributions, the current stands have an
irregular, steeply descending ditribution with the largest number of trees in the
gmallest 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 plausble hypothess is
needed to explain how oaks were able to dominate the landscape for thousands of

years before settlers arrived. 1t is a difficult issue because fire would probably
have had to occur more than once during the lifegpan of an oak stand to prevent

succession to other species, paticularly if the fires were of low or moderate
intengty. Yet, the avalable evidence suggests that Indian populations were
relatively smal and lightning fires relatively uncommon (Schroeder and Buck 1970,
Barden and Woods 1973).

The hypothesis that fire was a mgor 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. Fird, as dready noted, many dry sStes and some
average Stes 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 have been

covered by non-oak forest in presettlement times. Beech-maple forest, mixed with
hemlock in some aress, covered large areas of New Y ork, northern and central
Pennsylvania, and northern Ohio. Mixed-mesophytic forest also occupied many of
the good stes 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 aready established beyond reasonable doubt. Thus,
the areas in which the frequency and impact of fire are most in question are the

eastern Pledmont, the Ridge and Vdley province, and the Southern Appdachian
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 al, were
reviewed by Maxwell (1910), Day (1953), and Lorimer (1985). The following
description of coastd 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 coastd 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 | and others have done) in the lower
grounds where the grounds are wett when the Country is fired . . .
for the Salvages by this Custome of theirs, have spoiled all the rest:
for this Custome hath bin continued from the beginninge. . . .

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

Russl (1983) has chdlenged the idea of widespread intentional burning by
Indians. She notes, with some judtification, 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 &l places where they come” (Morton 1632).
She aso 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 missonaries (Loskiel 1794, Rights 1947), surveyors
(Lindestrom 1656, Byrd 1728), botanists (Bartram 1791), early historians (Norris
1890, Logan 1859), and early explorers and travelers with no specific land clams
in the areas described (Smith 1616, Lawson 1709, Grant 1946). Im Massachusetts,
independent evidence can be found which supports the accounts of Indian burning
related by Morton and Wood. Colonid records of Massachusetts indicate thet in
1677 the court was “informed that great damage hath happened to severd persons
in the outskii 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 dong 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 sdtle firgt in those
areas that had been cleared by Indians (H. S. Russdll 1980) which might not be
representative  of the genera landscape.

The diary of Col. William Byrd is therefore of particular interest becausein 1728

he was involved in surveying the boundary line between Virginia and North
Caroling, and was therefore confined to a compass line. The frequent references
to fire and fire effects do give the impresson that fire was a mgor factor on the
landscape in that region.  Byrd made severd references to extensve 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 amgor Indian trail, they encountered a“great

firg’ which Byrd attributed to Indians. Most importantly, Byrd made generd
remarks about fire frequency, stating that “the woods are not there burnt every

year, as they generaly are amongst the Inhabitants. But the dead Leaves and Trash
of many years are heapt up together, which being a length kindled by the Indians

that happen to pass that way, furnishing fewe for a conflagration that carries dl

before it. * The contrast in fire regimes between these mountain forests and areas
more densdly 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 extensve areas of the Piedmont
and Ridge and Vdley provinces in presatlement times provides indirect but
important evidence on presettlement fire frequency. Tolerant species appear quite
capable of dominating the overstories on many stes (e.g., Abrams and Downs
1990, Abrams and Nowacki 1992), so we must consder why these strong
successiond trends did not aso 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-successiond 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 dready 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 severd 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 Plateal. In spite of the typicaly low fire frequency in this
forest type, and the fact that the stand was located on an east-facing dopein a
remote area near the headwaters of a small stream, Lutz found evidence of a least

five mgor fire dates for the presettlement period 17251795. Fire scar studies
should be done soon in the remaining old-growth Appalachian oak stands before
the demise of old trees that were dive in presattlement times.

A promising gpproach to investigating presettlement fire frequency is the andysis

of charcoa fragments in sediment cores from bogs and ponds. Although few
studies of charcoa have yet been done, Watts (1979) and Patterson and Backman

(1988) found charcod throughout the sediment profiles in nine different Stes in
western Virginia, centrd Pennsylvania, coasta New Jersey, New York, and
Massachusetts.  In a number of cases there was no indication that charcod was less
abundant in the severd thousand years prior to European settlement than afterward.

In a Ste adjacent to the Little Tennessee River, Cridlebaugh (1984) dso found

charcod throughout the profile.  However, in this case charcod abundance
increased by an order of magnitude after A.D. 1000, when Indian agricultura
activities intengfied, and showed ancther dramétic rise at the time of European
Settlement.

Indian Settlement Patterns. How widespread were Indian effects on vegetation?
Archaeologicd and higtorica evidence indicates that dthough 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 dluvid valeys, the ralling upland hills, and the
banks of small streeamswere dl occupied, visited, or utilized a 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 Stes
to the floodplans of mgor rivers and streams (Purrington 1'983, 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 levelsis 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 digtributed over gpproximatdy 52,000 square miles, with an average
population densty of about 16 per 25 square miles (Thornton 1991). The
population was concentrated in & least 60 villages dong mgor 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 usudly not
more than 15-20 miles apart, while villages on the same river were usudly only
a few miles gpart. Because of this disperson of villages across the region, it is
likely that Indians could have had a mgor impact on the intervening upland aress.
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 done
might suggest. In the early 1600°s, John Smith wrote that when the Indians of
coadtd Virginiawent 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 themsdves”. Loskid (1794) likewise noted that Indians in the
mid-Atlantic region commonly set out for long hunts lagting 3-4 weeks, and often
several months. In addition, warfare and trade often prompted Indians to trave
agtonishingly long distances. For example, it was not uncommon for the Iroquois
of centrd New York to travel to South Carolina to make war againgt 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 surprisngly
dense network of trails. Maps of known Indian trails, such as those in
Massachusetts (Russell 1980), Pennsylvania (Wadllace 1965), and the Southeast
(Myer 1971) show that relaively few stands would have been located more than
15 miles from the nearest Indian trail (figure 3). This would have rendered many
dands in otherwise sparsaly settled areas subject to occasond accidental or
intentiond fires

A find resolution of the Indian fire question is not possible a the present time.

It is probably ressonable to state, however, that the avallable historical and
stientific evidence is consgent with the hypothess that Indian fires were
widespread and had a major impact on the landscape. More evidence on charcoa
depodits in sediments and fire scarsin old-growth stands may help clarify the issue
of locd fire frequency. Also, by integrating evidence on fire Sze distributions in
the absence of suppresson (e.g, Hough 1882) with evidence on Indian populations
sze and didribution, it might be possible to judge whether or not fires could have
been frequent enough to account for the origina distribution of oaks on Stes 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
falures. Each of these factors can probably lead to loca oak regeneration failures
at certain times and places.  The degree to which the regional oak regeneration
problem is caused by interactions of dl of these factors is ill 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 principa bottleneck to successful oak regeneration, nevertheless, does not
usually seem to occur in the seedling germination stage. Most mature oak stands
aready have hundreds or thousands of oak seedlings per acre in the understory.

A magjor limiting factor is that these seedlings usualy have slow juvenile growth
and low survival rates on good sites, even after the overstory isremoved. Studies

have shown that the devel opment of a shade-tolerant understory layer is particularly ,
detrimental to adequate development of oak advance regeneration, and historical L
evidence suggests that most oak stands devel oped 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 congistent with life-history traits of severa of the
common upland oak species, and helps explain several observed features of the
regiona 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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Oak Regeneration: The Scope of the Problem

David Wm. Smith, College of Forestry and Wildlife Resources, Virginia Polytechnic Institute ard State University,
Blacksburg, VA 24061

ABSTRACT  An evauaion of oak regeneration, based on published literature and direct input
from researchersin the field, is presented for 31 oak species native to the United
States. The evauated 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 consdered bottomland
species. A general summary of key slvical characterigticsis provided. An attempt
has been made to assess regeneration success of each species in terms of
geographic location, Ste qudity (two levels), and regeneration type (seedling,
seedling sprout, or sump sprout). A quditative evaduation of the level of research
knowledge available about the regeneration of each speciesis given.

OVERVIEW  Quercus is the classicd Latin name of the oaks. It is thought to be of Cdtic
derivetion meaning fine and tree (Little 1979). Ok isthe largest tree genusin the
United States and is the most important hardwood genus. The oaks are the mgjor
component of eastern deciduous forests and dominate stands in centrd and southern
upland  forests. In addition, they are a Sgnificant component of mixed bottomland
hardwoods throughout the eastern and southern United States, and occur on valley
and dope stes in the semi-arid regions of the western United Staies. They are not
found in the Great Plains region.

The oaks are of mgor economic importance for wood products as well as for

numerous wildlife, recreation, and aesthetic uses and values in both rurd and urban

forests. The wood of oak species has long been known for its strength, durability,

and beauty. It is widdy used in products ranging from fine furniture to rough

congtruction materid, 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 anima and bird species. The mgestic 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 hemigphere.  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 Centrd America, five speciesin 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, extremdy large-sized oaks have been documented. A classic
example is awhite oak (Q. alba L.) that was cut in 1913 near Lead Mine, West
Virginia This giant was 13 ft. in diameter 16 ft. a 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 vaues, and the forested land base on which they are growing

IS under extreme pressure for conversion to dternative land uses, as the nation’s
and the world's populations continue to grow and the demands for land-based

resources continue to intengfy.

Whenever there is an abundance of any resource or commodity, and that resource
or commodity is reedily 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 forestsisin
high demand for a variety of uses and vaues. But, the amount of oak that
regenerates following a harvest or magor disturbance is often less than was present
in the parent stand. Or, forestland owners often want oak in thelr stands even
when they did not haveit in the previous sand. The mere fact that you want oak,
and you do not get it, congtitutes a problem regardless of the reasons for not

getting it.

Two basic types of problems gpply to falluresin obtaining the desired level of oak
regeneration. A scenario for the first type of problem is that a forest landowner
or foret manager wants oak regeneration; however, an andysis of known
biologicd and ste information indicates that oak regeneration is highly unlikely.
A scenario for the second type is that al of the hiologicd and site data indicate that
regeneration should occur, but it doesnot.  Oak regeneration was an objective in
both scenarios, but it did not occur; the bottom line in both casesisthat it did not

occur; therefore, oak regeneration is a problem. As research dlviculturidts, 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 dter 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
dlviculturigs because, dthough the biologicd and dte conditions indicate that
successful oak regeneration should occur, it does not, indicating thet factors may
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SOME RESULTS OF
OAK REGENERATION
RESEARCH

be coming into play that we do not understand.  Only through a careful andysis
and thorough evauation of this second problem type will slviculturigts be aole to
identify and prioritize oak regeneration research problems and subsequently devise
research programs that will lead to new knowledge.

If we do not effectively convey the information we dready have about oak
regeneration, it is not an oak regeneration problem, it is a management (people)
problem; yet it is fill a problem. A discusson of oak technology trandfer,
however, is beyond the scope of this paper, but is being actively addressed by the
sponsors and planners of this Oak Regeneration Symposium. In the remainder of
this paper, | will briefly review some of the literature that deals with oak
regeneration, summarize slvica characteristics of various oak species that are
important in the regeneration process, and then evaluate the regeneration problem
and the generd leve of knowledge about 31 oak species native to the United
states.

A number of authors have identified oak regeneration as a problem in attempts to
establish a new stand following harvesting. McLintock (1987) emphasized that
obtaining adequate representation of preferred species, especidly the oaks, is a high
priority research area. Merritt (1979) provided a thorough and thoughtful review
of problems associated with oak regeneration in eastern upland forests. Later in
the same proceedings, McGee (1979) eluded to the sparse regeneration of northern
red ok (Q. rubrg L.) on higher quality stes in the Southern Appalachians. Others
have identified oak regeneration as a management problem in that prescribed
practices are not producing the consistent oak regeneration results desired (Beck
1970, Beck and Hooper 1986, Loftis 1983, McGee and Hooper 1970). Without
release from faster growing yelow-poplar, the fate of planted or naturd seedlings
of southern oak species in the smal openings of a group selection reproduction
harvest was not encouraging after 22 years (Johnson and Krinard 1983). In the
semi-arid regions of Cdifornia, a statewide oak regeneration survey concluded that
regeneration often was inadequate to maintain existing stands and that regeneration
was highly ste-specific. Blue oak (Q. douglasii Hook. Am.) and valey oak (Q.

lobata Née) regeneration tended to be poor (Muick and Bartolome 1987). In
another study, Muick (1991) observed that coast live oak (Q. agrifolia Née),
interior live oak (Q. wislizeni A. DC.) and canyon live oak (Q. chrysolepis Liebm.)
were regenerating more successfully. Certainly, not al reports of oak regeneraion
indicate failures, there are successes. Johnson and Krinard (1988) reported that 29
years after harvest, cherrybark oak (Q. falcata var. pagodifolia Ell.) was a
significant component in a southern bottomland hardwood stand.  Earlier
evauations of the stand development had been less optimidtic as far as the oak
component  was  concerned.

Clak and Watt (1971) identified two basic principles that must be understood when
discussing natural regeneration of upland oaks and that probably aso apply to
bottomland osks and to some degree to the Western United States osks as well:
1. The new dand will contan oak in proportion to the advance oak
reproduction on the area before the harvest cuit.
2. Advance oak reproduction must have a well-established root system to
compete successfully with other woody vegetation (and with grasses in many
Western  United States oak  sites).
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The need to understand these two very basic principles has not changed in the past
two decades. This points to a heed to understand as much as we can about how
oak regeneration occurs and how it gets to the stage of advance reproduction with
the associated well-established root system. In other words, what are the important
dlvicd characterisics of oak species that are important in reproduction
establishment and  subsequent growth and  development?

A review of some of the more important regeneration-related silvical characteristics
of oak species provides insights into possble reasons for low regeneration success
or for complete failures (table 1). For the most part, eastern upland and
bottomland oaks occur in association with a wide aray of overstory and understory
woody species. Seldom will oak occur in pure stands. On the more arid Stes in
the West, oak will often occur in clumps or smdl, pure stands, however,
competition from grasses and shrubs is often severe and greatly influences
regeneration establishment and early growth.

The preponderance of oak reproduction results from natural regeneration following
a harvest or natura disturbance. Planting, dthough very limited in gpplication, has
enjoyed a wide range of success ranging from complete falures to fully stocked
plantations. However, the artificid regeneration process usudly requires intense
culture, including competition control for one or more growing seasons and is only
accomplished at a rdatively high cost. Natura regeneration usudly is composed
of three different reproductive forms.  seedlings, seedling sprouts (normally
considered as advance regeneration), and stump sprouts. Of the three reproductive
forms, seedlings are the dowest growing and least competitive, and stump sprouts
are generdly the fastest growing and most competitive.  Seedling. sprouts are
unique because their root systems are usudly well-developed compared to a
seedling root; however, the top often resembles that of seedlings.

Of the 31 species reviewed in this paper, three are considered tolerant to shade,
11 are intermediate in tolerance to shade, and 17 are intolerant or very intolerant
(table 1). None of the bottomland osks tolerate flooding to any sSignificant degree,
especialy flooding that occurs during the growing season (table 1). In  discussions
with colleagues active in bottomland oak regeneration research, there is a strong
consensus that flooding is particularly detrimenta to newly established seedlings.
In contrast to shade and flood tolerance, however, the oaks that inhabit exposed,
droughty Sites appear to be quite tolerant of low moisture conditions (table 1). In
generd, regeneration successis relatively good on poorer sites where competition
from associated speciesis often lessintense.

Juvenile growth of oak species is generdly dower than or equa to associated
competition. Sixteen of the species reviewed grew dower than competitors, eight
grew about as fast, and only five had juvenile growth rates that were faster than
associated competitors (table 1). Acorn production of oak species is sporadic and
unpredictable a best. In genera, bumper acorn crops are required to obtain
sgnificant seedling establishment. Predation by wildlife and insects coupled with
acorn mortality from disease and adverse weather conditions during the intervening
years between bumper crops are believed to redtrict greatly the acorns that are
available to germinate and develop as regeneration. The andysis of available oak
regeneration research information suggests that high levels of acorn production
generdly occur at intervals ranging from 3 to 7 years or more (table 1).
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Table I-Summary of regeneration-related silvical characteristics' of 31 oak species native to the United States,
noting important uses, values, and relative assessment of the available research knowledge

Acorn Production  Juvenile Uses Research

Scientific Name ----Tolerance---- - - (years) - - Growth and Knowl-
(common name) Shade  Flood  Droueht®* Nor mal High Rate Values®  edge
Subgenus: Leucobalanus: \White Oaks

Q. agrifoliaNée Tol’ N/A Inte Unk Unk slower W,0,F,S Lim
(coast live o0ak)
Q. dbal. Inte NIA Intol 2-4 4-10 slower W,0,F, Ext
(white oak) TS
Q. bicolor Wwilld. Inte Tol N/A 2-4 3-5 slower W,0,F, T Mod
(swamp white oak)
Q. garryana Dougl. ex Hook. Inte Tol Tol Unk 3-5 slower W,0,F, Mod
(Oregon white oak) TS
Q. lyrata Walt. Inte Tol N/A -2 3-4 compet-  W,R,T Lim
(overcup 0ak) itive
Q. macrocarpa Michx. Inte NIA Tol 2-4 2-3 faster W,F,T,S Lim
(bur 0ak)
Q. michauxii Nutt. Intol® Inte N/A 2-4 3-5 compet-  W,E,T Mod
(swamp chestnut oak) Inte itive
Q. prinus L. Inte N/A Tol erratic  4-5 slower W.,F,T,S Mod
(chestnut oak)
Q. stellata Wangenh. Intol N/A Tol 24 2-3 slower W,0,F, Lii
(Post oak) T,S
Q. virginiana Mill. Inte Inte Inte Unk Unk Unk W,0,F,S Lim
(live 0ak)
Q. muehlenbergii Engelm. Intol N/A Tol Unk Infreq.  slower W,F,S Lim
(chiiapin oak)
Q. lobata Née Intol® Intol N/A Unk 2-3 slower W,0,F Lii
(valley oak)

Subgenus: Erythrobalanus: Red and Black Oaks
Q. coccinea Muenchh, V. Intol  N/A Inte- erratic ~ 3-5 faster W,0O,F, Mod
(scarlet oak) Tol TS
Q. douglasii Hook & Am. Intol N/A Tol 2-3 5-8 slower W,E,S Lii
(blue oak)
Q. dlipsoidais E. J. Hill Intol®® N/A Tol 2-4 3-5 compet- W,O,F,§ Lim
(northern pin oak) itive
Q. falcata Michx. Inte N/A Tol Unk Unk compet-  W,0,F, Mod
(southern red oak) itive T,S
Q. pagoda Raf. Intol Inte N/A [-2 2-4 faster W,0,F, Mod-
(cherrybark oak) T,S BExt
Q. ilicifolia Wangenh. Vv NIA Tol Unk Unk slower W,E,S, Lim

(bear oak) Intol!®
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Table 1—Summary of regeneration-related silvical characteristics of 31 oak species native to the United States,
noting important uses, values, and relative assessment of the available research knowledge (Continued)

Acorn Production  Juvenile uses  Research

Scientific Name - - - - Tolerance - - - - --(pars)-- Growth and Knowl-
(common name) Shade? Flood®  Drought® Normal Hiih Rate Values®___edge®
Q'. imbricaria Michx. Intol Inte- Intol Unk Unk compet-  W,0,F, Lim
(shingle  oak) Tol itive T,S

Q. kelloggii Newb. Intol Intol Intol 2-4 3-S5 slower  W,0,F, Lim
(California black oak) TS

Q. laevis Walt. Intol N/A Tol -2 2-3 compet- W,F,S Lim
(turkey oak) itive

Q. laurifolia Michx. Inte- Tol N/A Unk Unk Unk W,0O,F, Lim
(swamp laurel 0ak, diamondleaf) Tol

Q. marilandicaMuenchh. Intol'® N/A Tol Unk Unk slower W,ES,T Lii
(blackjack oak)

Q. nigralL. Intol Inte N/A -2 [-2 slower W,0,F, Lii
(water oak) T,S

Q. nuttallii Palmer Intol Inte- NIA 2-4 34 faster W,0,F,T Lim
(Nutta] oak) Inte Tol

Q. palustris Muenchh. Intol Inte- N/A 2-4 4-6 faster W,0,F,T Lim
(pin 0ak) Tol

Q. phellos L. Intol Intol- [ntol -2 -2 compet- W,OFT Lii
(willow  oak) Inte itive

Q. rubra L. Inte N/A Intol 2-4 2-5 slower W,0,F, Ext
(northern red oak) T,S

Q. shumardii Buckl. Intol Intol Intol 2-4 Unk compet- W,O,F, T Lii
(Shumard oak) itive

Q. velutina Lam. Inte N/A Inte 2-4 2-3 slower ~ WFTS  Mod
(black oak)

Subgenus: Protobalanus: Intermediate Oaks

Q. chrysolepis Liebm. Tol N/A Inte 2-4 24 slower W,0,F, Lim
(canyon live oak) TS

1 Unless otherwise indicated, the information is derived from Bums and Houkala 1990; Little 1979; Harlow and others 1991; Elias 1980.
2 Five levels of shade tolerance: V. Tol = very tolerant; Tol = tolerant; Inte = intermediate; Intol = intolerant; V. Intol = very
intolerant.

% Three levels of tolerance: Tol = tolerant; Inte = intermediate; Intol = intolerant; N/A = not applicable.

¢ Growth rate relative to associated species: Slower, competitive, faster.

$ Uses and values are W = wildlife; 0 = ornamental; F = fud; T = timber/fiber; S = site protection/watershed.

§ Ext = extensve; Mod = moderate, Lim = limited.

7 Muick 1991.

$ Johnson and Krinard 1983.

% Standiford 1991.

1 Author’s field observations.
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SUMMARY AND
CONCLUSIONS

O&k is the largest tree genus in the United States and is the most important
hardwood. The oaks enjoy a full array of vaues and uses, and the demand for

these values and uses will only increase in the future. In terms of the leve of
knowledge available about oak regeneration, we are a a distinct disadvantage. We
have a sgnificant pool of knowledge for only three of the 31 species reviewed.

We have amodest amount of regeneration information for seven species and only
limited information on the remaining 21 species (table 1). For the 27 native oak
Species that were not reviewed, there is virtudly no information available.

The regeneration-related silvica characteristics of the 31 oak species, as agroup,
indicate that the oaks:

1. Are intolerant or intermediate in tolerance to shade

2. Are intolerant of flooding or inundetion

3. Tend to be drought tolerant

4. Grow at rates dower than or equal to associated competitors

5. Produce acorns at sporadic and unpredictable intervals with bumper crops

being produced at 3- to 7-year intervals.

Basad on the above summary, there is little question that successful naturd oak
regeneration is difficult to achieve conagently without siviculturd intervention.
Even with glvicultura intervention, the regeneration results will be quite varidble
because of unpredictable and uncontrollable environmental conditions and a limited
amount of knowledge about the processes and interactions associated with oak
regeneration  (table 2).

Oak regeneration is a problem and the problem is widesoread. Many of the
problems can be solved by utilizing information thet is aready available, but there
isacos involved, which will have to be addressed by forest managers and forest
landowners. Other problems with oak regeneration will require a mgjor research
commitment.

What we learn at this Oak Regeneration Symposum will darify our vison of the
most important problem areas and alow us to initiate research programs to provide
much-needed  answers.
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Table 2a.—Evaluation of regeneration for Eastern United States upland white oak
species/species groups as a function of site quality and regeneration origin.

Overall
Species/ Site Regeneration Origin Regeneration
Species Group Quality* (Probability of Occurrence)? Problem’
Seedling (Med) SEVERE
High Seedling sprout (Med) SEVERE
Stump sprout (Low) SEVERE
White Oak
Seedling (High) SEVERE
Low Seedling sprout (High) MODERATE
Stump  sprout (High) MINIMAL
Seedling (Med) SEVERE
High Seedling sprout (Med) MODERATE-SEV
Stump  sprout (Med) MODERATE
Chestnut Oak
Seedling (High) MODEBATE-SEV
Low Seedling sprout (High) MODERATE
Stump  sprout (High) MINIMAL
seedling (N/A) N/A
High Seedling sprout (N/A) N/A
Bur Oak Stump  sprout (N/A) N/A
Post oak
Chinkapin oak seedling (Med) MODEBATE-SEV
Low Seedling sprout (High) MODERATE-MIN

Stump  sprout (High)

MINIMAL

! High = dite index, 75 and greater; Low = site index, less than 75.

¥ High = high probability of regeneration of specified type occuring on specified site, Med = medium probability;
Low = low probability; N/A = not applicable, species do not occur on site indicated.

% Quditative evauation by the author based on published information, discussion with colleagues, and field
observation: SEV = severe, MOD = moderate, MIN = minimal, N/A = not applicable.
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Table 2b.—~Evaluation of regeneration for Eastern United States bottomland white oak
species/species groups as a function of site quality and regeneration origin.

Overall
Species/ Site Regeneration Qrigin Regeneration
Species Group Quality* (Probability of Occurrence)’ Problem’
seedling (Med) SEVERE
High seedling sprout (Med) MODERATE-SEV
Stump  sprout (Low) MODERATE
Swamp Oak
Swamp Chestnut Oak seedling (N/A) NIA
Low Seedling sprout (N/A) N/A
Stump  sprout (N/A) N/A
Seedling (N/A) N/A
High Seedling sprout (N/A) N/A
Stump  sprout (N/A) N/A
Overcup Oak
seedling (Med) MODERATE
Low seedling sprout (Med) MODERATE
Stump  sprout (Med) MODERATE
seedling (Med) N/A
High seedling sprout (Low) NIA
Stump sprout (High) N/A
Live Oak
Seedling (Med) MODERATE
Low Seedling sprout (Mod) MODERATE-MIN
Stump  sprout (High) MINIMAL
Root  sprouts (High) MINIMAL
! High = dte index,, 75 and greater; Low = site index, 1esS thaa 75.
2 High = high probability of regeneration of specified type occuring on specified site; Med = medium probability; F‘
Low = low probability; N/A =not applicable, species do not occur on site indicated. :

3 Qualitative evaluation by the author based on published information, discussion with colleagues, and field
observation: SEV = severe, MOD = moderate, MIN = minimal, N/A = not applicable.
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Table 2¢.~Evaluation of regeneration for Eastern United States upland red oak
species/species groups as a function of site quality and regeneration origin.

Overall
Species/ Site Regeneration Qrigin Regeneration
Species Group Quality* (Probability of Occurrence)’ Problem®
_ Seedling (Med) SEVERE
High seedling sprout  (Med) SEVERE-MOD
Northern Red Oak Stump  sprout (Low) MODERATB-SEV
Black Oak
Seedling (Med) SEVERE
Low Seedling sprout  (Med) MODERATE
Stump  sprout (High) MINIMAL
_ Seedling (Low) SEVERE
High Seedling sprout  (Med) SEVERE-MOD
Scarlet Oak Stump sprout (Low) MODERATE-SEV
Southern Red Oak
Northern Pin Oak seedling (Med) FVERE
Low Seedling sprout  (Med) MODERATEMIN
Stump  sprout (High) MINIMAL
seedling (N/A) NIA
High Seedling sprout  (N/A) N/A
Turkey Oak Stump sprout (N/A) NTA
Shingle Qak
Blackjack Oak Seedling (Med) SEVERE
Low seedling sprout (Med) MODERATE
Stump sprout (High) MINIMAL
_ Seedling (N/A) N/A
High Seedling sprout N/A) NIA
Stump  sprout ENIA) NIA
Bear Oak
Seedling (High) MODERATE-SEV
Low Seedling sprout  (Low) MODERATE
Stump sprout (High) MODERATE

I'High = site index, 75 and greater; Low = site index, less than 75.

2 High = high probability of regeneration ofciecified type occuring on specified site; Med = medium probability;
Low = low probability; N/A == not applicable, species do not occur on site indicated.

3 Qualitative evaluation by the author based on published information, discussion with colleagues, and field
observation: SEV = severe, MOD = moderate, MIN = minimal, N/A = not applicable.
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Table 2d.—Evaluation of regeneration for Eagtern United States bottomland red oak
species/species groups as a function of site quality and regeneration origin.

Overall
Species/ Site Regeneration Origin Regeneration
Species Group Quiality’ (Probability of Occurrence)’ Problem®
, seedling (Med) SEVERE-MOD
High Seedling sprout  (Med) MODERATE
Cherrybark Oak Stump sprout (Low) SEVERE
Shumard Oak
seedling (N/A) N/A
JAW seedling sprout (N/A) N/A
Stump  sprout (N/A) NIA
. Seedling Med) SEVERE
High Seedling sprout  (Med) SEVERE-MOD
Water Oak Stump sprout Med) MODERATE-SEV
Willow oak
Nuttall Oak seedling (Med) SEVERE
Low Seedling sprout (Med) MODERATE
Stump  sprout (High) MINIMAL
Seedling (N/A) N/A
High Seedling sprout  (N/A) NIA
Swamp Laurel Oak or Stump sprout (N/A) N/A
Diamond] eaf
Pin Oak Seedling (Mz? MODERATE
Low Seedling sprout (Med) MODERATE-MIN
Stump  sprout (High) MINIMAL

! High = site index, 75 and greater; Low = site index, less than 75.

2 High = high probability of regeneration of specified type occuring on specified site; Med = medium probability;
L ow= low probability; N/A = not applicable, species do not occur on site indicated.

% Qualitative evaluation by the author based on published information, discussion with colleagues, and field
observation: SEV = severe, MOD = moderate, MIN = minimal, N/A = not applicable.
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Table 2e,~Evaluation of regeneration for Western United States oak species/species groups
(subgenuses combined) as a function of site quality and regeneration origin.

Overall
Species/ Site  Regeneration Origin Regeneration
Species Group Quality (Probability of Occurrence)® Problem®
' seedling (N/A) N/A
_ High Seedling sprout  (N/A) N/A
Coast Live Oak Stump sprout (N/A) NIA
Oregon White Oak
Seedling (Med) MODERATESEV
Low se-ding sprout (Unknown) UNKNOWN
Stump  sprout (High) MINIMAL
_ Seedling (N/A) N/A
High Seedling sprout  (N/A) N/A
Valley Oak Stump sprout (N/A) N/A
Blue Oak
seedling Med) SEVERE
Low seedling sprout (Unknown) UNKNOWN
Stump  sprout (Med) MODERATE
seedling (N/Ag N/A
High Seedling sprout (N/A N/A
Stump  sprout (N/A) N/A
California Black Oak
seedling (Low) FEVERE
Low seedling sprout (unknown) UNKNOWN
Stump  sprout (High) MINIMAL
Seedling (N/A) N/A
High Seedling sprout (N/A) N/A
Stump  sprout (N/A) NIA
Canyon Live Oak
Seedling (High) MODERATE
Low Seedling sprout (Unknown) UNKNOWN
Stump sprout (High) MINIMAL

1 High = site index, 75 and greater; Low = site index, less than 75.

2 High = high probability of regeneration of specified type occuring on specified site, Med = medium probability;
Low = low probability; N/A = not applicable, species do not occur on site indicated.

% Qualitative evaluation by the author based on published information, discussion with colleagues, and field
observation: SEV = severe, MOD = moderate, MIN = minimal, N/A = not applicable.
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Ecology and Physiology of Oak Regeneration

John D. Hodges ad Emile S. Gardiner, Department of Forestry, Mississippi State University,

ABSTRACT

INTRODUCTION

Mississippi State, MS 59762

Obtaining adequate oak regeneration in hardwood stands is a problem complicated
by the lack of a lucid understanding of species biology. Under heavy shade,
relativey little morphologica acclimation, low photosynthetic capacity, and high
respiration contribute to an overdl low capacity to compete with tolerant species.
When rdeased, oaks usudly do not respond as quickly as their intolerant
competitors, because of relatively lower compatibility with an open environment.
Yet, conservative growth characterigtics like early root growth and deep root
systems, as well as physiologica characterigtics such as high water use efficiency
and stomatd closure only at very low water potentids, enable oaks to compete
more successfully on drier sites. Siviculturd practices amed a establishing oak
regeneration must enhance environmental conditions complimentary to oak biology.

Other papers in this symposium address the many problems associated with oak
regeneration and the dilvicultural and management techniques that have been or
could be used to dleviate those problems. It is obvious that much progress has
been made, but there are unanswered questions and problems to be solved. Two
of the mgor unresolved problems arel (1) Absence of adequate advance
regeneration and knowledge of methods for obtaining it, and (2) Slow juvenile
growth rate of oaks and their dow response to release (Hodges 1987, Crow 1988).

Resolution of such problems requires an understanding of the biology of the
Species.

This paper will examine the current state of knowledge regarding the ecology and
physiology of oak seedlings and relate that information to oak regeneration. A
recent paper by Kolb and others (1990) presented results for northern red oak
(Quercus rubra L.) and an excedlent review of oak growth response to resource
limitation. They discussed the growth strategy of red oak in relation to ecologica
requirements for regeneration.  We will review much of that materid, but the
emphasis will be on physologica and morphologica adaptations asthey relate to
regeneration. A basc assumption we have made is that regeneration and
subsequent composition of aforest community is determined by: (1) microclimate
and edaphic factors, (2) morphologicd and physiological characterigtics of the
species present, and (3) interaction between the two.
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The relationship between site qudity and oak regeneration has been extensvely
reviewed by other papers in this symposum. In generd, obtaining oak
regeneration is not a problem, or far less of a problem, on drier or below-average
Stes than on good Stes (Arend and Gysd 1952, Loftis 1988, Hodges unpublished).
Therefore, we will primarily discuss oak regeneration on the better upland and
bottomland stes. We will consder ecologica and physiologica adaptations and
how they act to make the species or plant more compatible with its environment
and thus influence oak regeneration. There are differences between oak species,
but most research has been on species of greater occurrence and commercia
importance such as northern red oak, white oak (Q. alba L.), and cherrybark oak
(Q. pagoda Raf.). That research will be emphasized, but exceptions will be noted.

Oaks can be regenerated by naturd and atificid means. Some problems
encountered are common to both regeneration methods while others are not. We
will consder the two methods separately by examining ecologica and physiological
factors as they relate to the regeneration process and the problems involved.

Acorn production is highly erratic from year to year, and 10sses due to insects,
birds, and mammals can be very high (see other papers in this symposium for
references and detailed information on acorn production, acorn losses, storage, and
acorn germination).  Once acorns are on the ground, deterioration can be quite
rapid, usualy due to desiccation but dso to excessive heet or cold. ,Also, on
bottomland gSites flood waters can wash a gte virtudly clean of acorns. In any
event, it is extremdly rare for acorns to survive past the first growing season after
dispersal.

Despite these losses, mast production over time generally provides sufficient acorns
S0 that germination per seis sddom alimiting factor for seedling establishment on
most sites (see paper by Lorimer, this symposium).  Buria by rodents and birds
and coverage by sediment and debris help assure favorable conditions for acorn
germination (Darley-Hill and Johnson 1981, Crow 1983, Deen and Hodges 1990).
On upland and bottomland Sites containing mature oaks, it is not uncommon to find
12,000 or more new germinants per hectare beneath an existing stand, even in deep
shade (Hodges unpublished, Carvell and Tryon 1961, Beck and Hooper 1986,
Merritt and Pope 1991). However, on mesic upland and floodplain Stes, few of
these seedlings will survive to the second growing season.

Factors influencing early surviva and growth of seedlings beneath a stand may be
very different from those determining growth of older seedlings. Initid surviva
and ealy growth of oak seedlings beneath a dense canopy are primarily dependent
on sored food reserves in the acorns and not on current photosynthate production
(Wassink and Richardson 1951, Grime and Jeffrey 1965, Musseman and Gatherum
1969, Crow 1988). Under low light, first-year oak seedlings usudly produce only
one growth flush (Phares 1971, Crow 1988), which is determined by stored food
in the acorns (Richardson 1956). Once cotyledon reserves are depleted, seedlings
must survive on photosynthate produced by new leaves. Light then becomes a
limiting factor for surviva and growth (Tubbs 1977, Hanson 1986, Crow 1988).
In fact, the inability to maintain a postive carbon baance in low light benesth
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Juvenile Growth
Phase

mature stands may be the most likely reason for lack of oak advance regeneration
in those gands (Musselman and Gatherum 1969). At low light intengties, CO,
uptake and photosynthate production may be restricted by a lack of energy for
photochemica reections, and by stomata resistance to CO, diffuson. Wuenscher
and Kozlowski (1970) found that net photosynthesis of some oak species was not
saturated until light intensity was high enough to cause complete stomatal opening.

Light intengty near the floor of hardwood dands is often a or beow the
compensation point for oaks. This low light intengty is often due not so much to
adense main canopy as to a nearly continuous mid-canopy or multi-storied layer
of tolerant vegetation below the main canopy (Janzen and Hodges 1985, Hodges
1987, Janzen and Hodges 1987, Pubanz and Lorimer 1992). For northern red oak
in the firgt growth flush, Hanson (1986) found that the level of photosyntheticaly
active radiation needed for a pogitive carbon balance was about 30 pmol m? s™.
Light levels in dense northern hardwood stands (Hanson 1986, Crow 1988, Pubanz
and Lorimer 1992) and southern bottomland hardwood stands (Lockhart 1992,
Hodges unpublished) are often below that level, so carbohydrate reserves used in
respiration exceed that produced by photosynthess, and the new seedlings
eventualy die.

Although light is a dominant environmenta factor limiting seedling establishment
under dense canopies, soil moisture may aso limit establishment.  Root growth of
oaks, especidly white oaks, begins, and may be quite extensive, before the shoot
emerges. Root regeneration and root growth are very sendtive to soil moisture
stress (Larson and Whitmore 1970, Larson 1980). In northern red oak, root
initiation and growth ceased at soil osmotic potentias between -0.4 and -0.6 MPa
(Larson and Whitmore 1970). Even on floodplain Stes, greater seedling densities
and survival may occur on the wetter micro-sites (Jones and Sharitz 1990).

However, cherrybark oak seems less senditive to root competition than many of its
competitors  (Jones and others 1989).

Numerous studies have shown that successful natural regeneration of eastern oaks
requires the presence of advance regeneration of a number and size which can
compete successfully with other species (Beck 1970, Sander 1972, Johnson 1975,
Loftis 1983). Large numbers of oak seedlings are common on good sites, but they
are typicdly smal (< 30 cm tal) and incapable of rapid height growth after release
(Beck 1970, Sander 1972, Johnson 1979, Janzen and Hodges 1987). Johnson
(1975) found that Nuttall oak (Q. nurtallii Pamer) seedlings can become established
benegth a stand and survive for many years with asllittle as 2 hours sunlight daily,

but height growth was extremely dow. Partid cuttings of various types (thinning,
improvement, shelterwood, single-tree selection) may greetly increase stocking of
oaks, but these practices do not assure growth to a size necessary for competing
successfully with associated species (Loftis 1979, 1983, Hill and Dickmann 1988;
Martin and Hix 1988).

The above findings gopear anomdous in light of the many studies which have
shown photosynthesis is saturated and maximum growth of oak seedlings occurs
a 30-50 percent of full sunlight (Kramer and Decker 1944, Bourdeau 1954, Loach
1967, Mussdlman and Gatherum 1969, Phares 1971, Hodges 1987). For example,
maximum biomass growth of cherrybark oak occurred at 27-53 percent of full
sunlight, but height growth at 8 percent was as good as a full sunlight (table 1).
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What then is the reason for the dow juvenile growth rate of oak seedlings? The
ansver may reside in the ecologica and physiologica differences between oaks and
the species with which they must compete for survival and dominance of the Site
(Kolb and others 1990). Often the main competition is between oak seedlings and
a midstory and understory of more tolerant species (Beck 1970,Sander 1972,
Janzen and Hodges 1985, Beck and Hooper 1986, Hodges 1987).

Table I-Influence of shade on growth and biomass partitioning in seedlings of cherrybark
oK’

Sun seevana Year1+-ccae  a.l.... Year2-----.
(percent) Height Stem Root R/S? Height Stem  Root  R/S?

em)  aee.- ® - fem)  a-a-- @ - e---

100 22.0 1.59 5.05 3.18 49.8 10.88 25.75 2.37

53 32.6 3.19 8.98 2.82 117.4 77.94 96.44 1.24

27 29.7 1.46 3.68 2.52 94.5  47.60 52.92 1.11

8 22.1 .78 1.98 2.53 58.5 9.48 14.98 1.58

! Seedlings were grown in shade houses covered with saran shade cloth. Soil moisture was maintained at or near
field capacity in all plots. These unpublished data are averages for two studies replicated in time at the same
location.

2 Root/shoot ratio.

Shade tolerance is the ability of a species to persst in alow light environment.

Kramer and Kozlowski (1979) defined shade tolerant species as those which reach
a maximum rate of net photosynthess a reaively low light intengties Oak
gpecies exhibit a range in tolerance from moderately tolerant to intolerant, with
white oaks generdly more tolerant than red osks (McQuilkin 1975, McGee 1981).

Woody species with which oaks may compete during ther life cycde vary in
tolerance from very tolerant, for those occurring beneath a mature stand, to
intolerant, for those growing only under more open conditions.

Mechanisms of shade tolerance are related to morphologicad and physiologica
adaptations. Some authors have suggested that there is a shade-tolerant growth
form (morphology) which permits long-term  survival of seedlings (Kohyama 1980,
Hara 1987). Coupled with this species-specific growth form may be differences
in phenology, photosynthes's, respiration, water use efficiency, and growth rates
which permit the species to survive and grow under shade conditions (Grime and

Jeffrey 1965, Loach 1970, Matsuda and McBride 1986, Matsuda and others 1989).

McGee (1975, 1986) reported that most tolerant species began budbreak earlier
under forest canopies than in open clearcuts. This observation gpplied to six oak
species as well. He suggested that the propensity of some species to initiate growth
ealy under a canopy increases their shade tolerance by dlowing some lesf
development before crown closure.

Morphologica acclimations in plants are thought to occur in response to limited
resources (Schulze and others 1983, Johnson and Thornley 1987). When grown
under shade, seedlings of most woody species will partition their growth to favor
leaf growth and/or lesf area ratio as well as shoot/root ratio (Musselman and
Gatherum 1969; Kolb and Steiner 1990a, 1990b), which should favor more
effective utilization of the limited light resource.  Oaks follow this paitern (figure




58 Oak Regeneration Symposum Proceedings . . . September 1992

1, table 1), but the greater partitioning to shoot growth may not occur in the first
growing season (Gottschalk 1987, Kolb and Steiner 1990a, Hodges present paper).

Although these morphological changes should improve the light-capturing ability
of oaks, they do not seem to improve growth relative to tolerant understory species
(Loach 1970). In fact, morphological acclimations of this type seem to be more
important for intolerant species such as yellow-poplar (Liriodendron tulipifera .
and American sycamore (Platanus occidentalis L.) than for oaks (Loach 1970,
Jones and others 1989, Kolb and Steiner 1990a).
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Figure |-Influence of shade on root/shoot dry weight ratios of 2-year-old cherrybark oak
seedlings grown in shade houses. Leaves are not included with shoots. Studies were
replicated in time at the same location. (Unpublished data, Mississippi State University.)

Physiological acclimations to shade occur within and between species. Studies with
oaks have shown acclimations in shade foliage that, when compared with sun
foliage, include higher rates of net photosynthesis a low light levels, lower
respiration rates, and higher levels of chlorophyll per unit of leaf area (Loach
1967). However, when compared with more tolerant species at low light
intensities, oaks generaly have: (1) a higher light compensation point for
photosynthesis and less efficient use of “light flecks’ or short bursts of light (Loach
1967, Woods and Turner 1971, Teskey and Shrestha 1985); (2) about the same or
lower rates of net photosynthesis (Grime and Jeffrey 1965, Wuenscher and
Kozlowski 1970, Farmer 1980); (3) as high or higher rates of respiration (Went
1957; Loach 1967; Wuenscher and Kozlowski 1970, 1971; Teskey and Shrestha
1985; Collier and others 1992); (4) dower stomatd opening andior greaster stomatal
resistance to CO, diffusion (Woods and Turner 1971, Wuenscher and Kozlowski
1971, Davies and Kozlowski 1974, Teskey and Shrestha 1985); (5) lower quantum
yield (Teskey and Shrestha 1985); (6) higher water use efficiency (Wuenscher and
Kozlowski 1971, Teskey and Shrestha 1985); and (7) higher saturating light
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intengty for photosynthesis (Wuenscher and Koziowski 1970, Bazzaz and Carlson
1982, Teskey and Shrestha 1985). These differences in morphologica and
physiologicd characterigtics explan why oaks generdly do not compete
successfully in the understory on good Sites.

Numerous dudies have shown that large numbers of advance oak regeneration will
not necessarily assure acceptable oak regeneration even if released by complete
clearcutting (Beck 1970; Sander and Clark 1971; Sander 1972; Johnson 1979;
Loftis 1983, 1988, 1990; Janzen and Hodges 1987). One reason is that, even
though the overstory is removed, the oaks may ill have to compete with a dense
former understory of larger and usudly more tolerant seedlings, saplings, and
sprouts (Johnson and Jacobs 1981; Janzen and Hodges 1985; Beck and Hooper
1986; Hix and Lorimer 1990, 1991). These species usudly have well-devel oped
root systems and ample foliage which enable them to respond faster to release than
oak seedlings.

Another, and likely more important, reason for oak regeneration falure is the dow
growth rate of recently released seedlings (Beck 1970, Sander 1972, McQuilkin

1975, Janzen and Hodges 1987, Hix and Lorimer 1990). Northern red oak
(Dickson 1991), cherrybark oak (Hodges and Janzen 1987) and probably most
other oaks, have a conservative growth strategy in which photosynthate resources
of the young seedlings are devoted firgt to building aroot system.  If, at the time
of release, the seedling does not have a large root system and adequate shoot height

(about 1.2 m for northern red oak) (Sander 1972), shoot growth will be dow until
the root sysem develops.

Physiologically, oaks are not as compatible with conditions in an open environment
as are many of their competitors, epecialy the intolerant species. Bazzaz and
Carlson (1982) found physologica flexibility to be much grester in early
successona species than in late successional species. Early successond species
were found to be capable of responding to light so that they become more like
shade plants when grown in the shade, but late successond species were unable
to make the converse switch when grown in a highlight environment.
Photosynthetic rates for yellow-poplar are higher than for northern red oak except
a very low light intengties, yet when released the rates are much higher a high
light intengties Also, photosynthesis in oak is saturated at a much lower light
intengity  (Loach  1967).

Work by McGee (1975, 1986, 1988) suggests yet another possible reason for the
dow growth of oak seedlings following release. He observed that budbreak in
severd oak species when grown under shade was earlier than when grown in the
open. Thus, early budbreak of the released seedlings will increase the likeihood
of freeze damage and retarded development.

Sprouts are an extremely important source of regeneration for most oaks, especialy
on xeric gtes. Paul Johnson (this symposum) gives an extensve: discusson of
gprouts, their origin, and growth rates. Sprouts can originate in severd ways, but
the form that is most important for eastern oak regeneration is sump sprouts, that
include seedling sprouts. These sprouts originate from dormant buds a or near the
root collar. As long as the crown of the tree or seedling is attached, these buds are
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suppressed by growth regulators produced in the crown. When the tree or seedling
is severed, the resulting sprouts show very regpid height growth. They may
produce four or more flushes per year and more than 1 m of growth (Johnson
1979, Reich and others 1980).

Physiologicd reasons for the more rapid growth of stump sprouts is not fully
understood, but in the case of larger stumps it cetainly involves greater
carbohydrate reserves and better absorption of water and nutrients because of the
large root system.  In the case of seedling sprouts, it apparently also involves a
dhiftin the alocation of resources to favor shoot growth, an increase in somata
conductance and carbon dioxide exchange rates, and/or increased hydraulic
conductivity of the stem as opposed to intact seedlings.

Severing seedlings a time of release has been shown to partialy dleviate the dow
response of intact seedlings (figure 2) (Janzen and Hodges 1987, Kruger and Reich

1989, Lockhart 1992). Lockhart (1992) found that sprout shoots of cherrybark oak
were the greatest sink for recently produced photosynthates and stored reserves.
This change in alocation pattern alowed sprouts to maintain top growth over a
longer period of time compared to intact seedlings.  Sprout leaves of northern red
oak (Kruger and Reich 1989) and cherrybark oak (Lockhart 1992) showed
increased stomatal conductance over those from intact seedlings. In northern red

oak there was dso an increase in carbon dioxide exchange rate, but this was not

observed in cherrybark  oak.

Vessd size is known to influence water transport through the stem (Abrams 1990).
The vascular system of seedling sprouts may be quite different from that of intact
seedlings (Blake and Tschaplionski 1986) and may permit faster movement of water
through the glem, thus in lower moisture deficits in seedlings.
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Figure Z-Height growth of bottomland oaks after removal of competing species in the
midstory and understory by herbicida injection. In the inject + clip treatment, tops of all
oak seedlings were cut 2.5 cm above groundline. The asterisk indicates initial height of
clipped seedlings (Janzen and Hodges 1987).
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Other papers in this symposum emphasize the importance of dte qudity in
determining the ease of obtaining oak regeneration and the role of disturbancesin
the origin of current oak stands.  The relaive ease with which certain species of
0aks can be regenerated on xeric and lower quality Sites appears to be a function
of differencesin morphology and physiology between oaks and their competition
(Kozlowski 1949, Wuenscher and Kozlowski 1971, Turner and Jones 1980, Parker
and Palardy 1988, Abrams 1990). Kolb and others (1990) examined the influence
of limiting light, moisture, and nutrients on growth of northern red oak and yellow-
poplar. They concluded that red oak was better adapted to moderately low
resource levels and, following Grime's (1979) terminology, concluded that red oak
has a “dresstolerant” srategy of growth. Conversdly, yelow-poplar has a
“competitor dtrategy” in that it was better adapted to more productive
environments, where rapid resource capture is critica for surviva.

Morphological adaptations that account for the success of some oaks on Xxeric sSites

include deep roots, xeromorphic leaves, and an effective xylem transport system
(Abrams 1990). The conservative seedling growth habit of most ogks that
emphasizes root growth in the first few years probably imparts a surviva benefit
to oaks on xeric Stes (Dickson and others 1990, Dickson 1991) as does the deep

root sysem of older trees (Bourdeau 1954, Kozlowski 1971, Hinckley and others
1981). Oak leaves possess severd traits, such as high ssomatal densty, thicker
mesophyll, and smdler guard cdls tha may improve water use efficiency (Bidwell
1974, Abrams and Kubiske 1990). The ring-porous vascular system of oaks is
composed of large diameter, early-wood vessdls and narrower late-wood vessels
(Zimmerman and Brown 1977). This anatomy permits rapid water movement
when water is plentiful, and reduced but sustained movement during drought
(Abrams 1990).

Numerous physologica characterigics of oaks may impart a surviva benefit on
dry-mesic or xeric Sites.  There may be large differences even between different
0k species (Hinckley and others 1978, 1979; Reich and Hinckley 1980; Bahari and

others 1985; Chambers and Henkel 1989; Abrams and others 1990), but oaks

generdlly appear to be better adapted to droughty sSites than co-occurring Species.

Abrams (1990) presented an excellent review of these physiologica adaptations in
oaks. As compared to co-occurring species, they include: (1) higher rates of
photosynthess and less decrease in photosynthess with increasing soil and
atmospheric drought, (2) higher water use efficiency, (3) dower somata closure
as drought progresses and higher leaf conductance, (4) lower water potentia for

stomatd closure, and (5) greater osmotic and eagtic adjustmentsin the leaves.

Oaks do occur, sometimes in amost pure stands, on mesic upland Sites as well as
on better bottomland stes. In light of the above discussons, it can be concluded
that oaks are there because of afortuitous set of circumstances created by nature
or incidentdly by acts of man (Aust and others 1987, Crow 1988), not by
intentiond management practices designed to obtain oak regeneration.  For
example, in essentidly pure bottomland osk stands, we could document some form
of digurbance, dther fire, grazing or mowing, as indrumentd in ther
establishment (Aust and others 1987). The lesson to be learned isthat if we want
to grow oaks on those Sites we must create an environment that meets and favors
the biologica requirements of the oaks as opposed to the competing species.
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ARTIFICIAL
REGENERATION

SUMMARY AND
SILVICULTURAL
IMPLICATIONS

Problems associated with artificialy regenerating good Stes are essentidly the same
as those encountered for natural regeneration at the time of find harvest and
release, i.e, dow growth response of the smal seedlings. In both cases there must
be a baance between root and shoot growth, but with planted seedlings, rapid root
growth is critical to maintain a baance between absorbing surface and transpiring
surface  (Parker  1949).

Early atempts a artificid regeneration of oaks, especidly on upland Stes, were
not successful (Olson and Hooper 1968, McGee and Loftis 1986). Lack of success

was probably related to quaity of the planting stock (less than desirable size), and

kind and amount of competition. More recent plantings of northern red oak have
demondrated that artificid regeneration can be successful on good gtes in the
Ozarks (Johnson 1984). Planting recommendations based on these results call for
large planting stock (I-I transplants) clipped about 15 cm above the root collar,

etablishment  beneath a thinned stand (60 percent stocking), release by clearcutting

3 years later, and competition control at time of planting and at time of overstory

remova. This technique should result in large, well established seedlings, with a
large root system, that will respond well to release (Johnson 1984). The treatments

seem to provide an environment that is compatible with the morphological

adaptations and physiology of the species.  Interestingly, these treatment
recommendations are very sSmilar to what recent research has shown may work
well for naturd regeneration (Janzen and Hodges 1987, Kruger and Reich 1989,

Lockhart 1992).

Acorn production, acorn losses, and poor initia seedling establishment can, in
some cases, account for oak regeneration fallures, but overal the mgor cause of
fallure on good stes seems to be adow juvenile growth rate of oak seedlings and
the inability to respond to release.  The problem is one of competition-the
inability of oaks to compete efficiently with more tolerant Species, especidly those

in the lower canopies a low light levels, and with well established and/or faster-
growing species under open conditions. The differences between species are the
result of differencesin morphology and physiology and the ability to acclimate to

prevailing environmental conditions.

Figure 3 is an attempt to depict what is known about success of oak regeneration
as influenced by ste and competition with co-occurring species.  Oaks are
generdly not very “flexible’, i.e, they do not acclimate morphologicaly and
physiologicdly wel to changing environments, especidly light. On good Stes
under a dense canopy oaks may undergo dight morphologica and physologicd
accimations, but these are insufficient to enable them to compete effectively with
more tolerant species. Compared to such species, oaks have a higher light
compensation point, are less efficient a use of “light flecks,” have smilar or lower
rates of net photosynthesis, have higher rates of respiration, have dower someatal
opening and/or greater omata resstance, and have lower quantum yield. At the
other extreme, these same oak seedlings may not compete well after release even
in ful snlightt The poor competitive ability reflects physologica and
morphologica characteristics of the oaks. Photosynthesis may be saturated near
one-third of full sunlight and rates of net photosynthesis are far less than for
intolerant co-occurring species. Furthermore, carbohydrate alocation patterns in
oak seedlings emphasze root growth rather than shoot growth. Intolerant
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The Role of Fire in Oak Regeneration

David H, Van Lear, Department of Forest Resources, Clemson University, Clemson, SC 29634

ABSTRACT

INTRODUCTION

THE ROLE OF FIRE IN
THE ECOLOGY OF
OAK REGENERATION
Adaptations of Oak to
Fire

Janet M. Watt, South Carolina Forestry Commission, Newberry, SC 29108

Fire has played a dominant role in sustaining oak forests. Oak species have
biologica adaptations, such as thick bark, a tenacious ahility to resprout repeatedly
following top-kill, and resstance to rot, which engble them,\ better than their
competitors, to withstand a regime of frequent fire. Fire functions to encourage
establishment of oak regeneration by: (1) creating favorable conditions for acorn
caching by squirrds and blugays, (2) reducing populations of insects which prey
on acorns and young oak seedlings, (3) xerifying mesic Sites through consumption
of surface organic materiadls and exposure of the soil to greater solar radiation, and
(4) reducing understory and midstory competition from fire-intolerant species. The
ability of oaks to continualy resprout when numbers of other sprouting hardwoods
have been reduced by fire may alow oak to accumulate in the advance regeneration
pool. Improved root/shoot ratios resulting from frequent top-kill should enhance
response of oak seedling/sprouts to release and enable them to dominate when
stand-level disturbances creste conditions favorable for rapid growth. Based on
biologicd adaptations of ok to fire, ecologica functions of fire, and fire history,
tentative guiddlines are presented for using fire to promote oak regeneration on
better stes.  Effects of wildfires and intense fires in logging debris on
establishment and development of oak-dominated stands are discussed.

Oaks are often replaced by other species when mature stands are harvested,

especidly on better quaity Sites (Sander and others 1983, Loftis 1990, Abrams
1992). Even though researchers generdly agree that fire played a role in the
establishment of many oak-dominated stands a the turn of the century (Sander and

others 1983, Crow 1988, Maden 1989), there is rdatively little research
concerning the use of firein oak ecosystems. Most of the forestry research about
fire-0ak relationships has dedlt with the use of fire to control oaks in pine stands.

However, many foresters and ecologists are now recognizing the importance of
samulating the naturd disturbance regime, which often included frequent fire, to
maintain the species composition of certain ecosystems. The purpose of this paper
isto (1) describe the role of fire in ecology of oak regeneration, and (2) present
tentative guiddines for the slvicultura use of fire to regenerate oak.

Fire has traditiondly been used in forest management to control plant succession.
It is well documented by literdly dozens of studies that both dormant- and
growing-season fires in pine stands will top-kill smal hardwood stems; including
oaks. Frequent burns will arrest the development of the hardwood understory,
athough most species continue to resprout for years. However, it is interesting
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that oaks have lower mortality rates than competing species in regimes of frequent
fire. Waldrop and Lloyd (1991) reported that oak mortality rates after 26 years of
biennid summer burning in mature pine stands in the Coasta Plain were dtill below
50 percent, whereas mortality rates of other woody species ranged from about 60
to 80 percent.

This tenacious ability of small oak rootstocks to resprout repeatedly following
frequent top-kill is an important adgptation of oak to frequent tire regimes. This
characteristic should enable oak to dominate the advance regeneration pool in areas

where fire occurs a frequent intervals.  In addition, continued top-killing should
result in amore favorable root/shoot ratio and faster growth after release.  Other

biologica adaptations, such as thick bark, resstance to rotting after scarring, and
the suitability of fire-crested seedbeds for acorn germination (Lorimer 1985)
enhance the ability of oaks to survive on Stes exposed to frequent fire.  Martin
(1989) suggests that bark thickness may be the single attribute that best
characterizes a species adaptation to fire. While bark thickness is undoubtedly of
grest importance to the surviva of mature trees in regimes of frequent fire, it
would seem that the ability of oak advance regeneration to outlast its competition
would be the criticd factor insuring that oak is a mgor component of the next
sgand (Van Lear 1990).

Fire has numerous functions which benefit oak regeneration (table 1). Fire
removes excessve litter buildup from the forest floor, thereby preparing a
favorable seedbed. Areas of thin litter are preferred by squirrels and bluejays for
acorn buriad (Galford and others 1988). An important ecologicd finding is that
jays collect and disperse only sound nuts (Darley-Hill and Johnson 1981, Deen and
Hodges 1990), which implies thet if these acorns escgpe predation they will result

in well-established firs-year seedlings. Seedlings from freshly germinated acorns
are unable to emerge through a heavy litter cover. Germination and first-year
aurvival are best when acorns are buried about 3 cm deep in the minerd soil

(Sander and others 1933).

Although remova of thick litter may expedite the germinaion process by
encouraging the caching of acorns by squirrels and jays, it isimportant that not al
the humus layer be consumed.  The humus layer keeps the surface of the soil
porous, so that uncached acorns can more easily penetrate the soil, retains
moisture, and provides support for the new seedling (Carvell and Tryon 1961).
The intengty and severity of a prescribed burn will determine the amount of
organic matter lost on a ste (Wels 1979).

Fire helps to control insect predators of acorns and new seedlings.  Martin and
Mitchdl (1981) illustrated how insect populations can be reduced or diminated
directly or indirectly by fire (table 2). Insect pests act as primary invaders,
secondary invaders, parasites, or scavengers on or in acorns (Gibson 1972). Many
of these insects spend al or part of their lives on the forest floor.  Infestations,
which can vary from year to year and even from tree to tree in some aress, are a
major contributor to the oak regeneration problem (Marquis and others 1976).

Annualy about 50 percent of the acorn crop in Ohio is destroyed by the larvae of
Curculio weevils, acorn moths, and gall wasps. Other insects atack germinating
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acorns and oak seedlings. However, recent studies indicate that prescribed burning may
reduce populations of oak insect pests when conducted under proper conditions and at the
appropriate time in the insects’ life cycle (Galford and others 1988). A reduction in insect
predation would allow more acorns to be scattered and buried by jays and squirrels, thus
enhancing the probability of successful germination, and also encourage subsequent seedling
establishment. Burning may also reduce rodent habitat, eliminating another source of acorn

predation (Hannah 1987).

Table I-Functional roles of fire in the ecology of oak regeneration

Function

Reference

Prepare seedbed and encourage caching

Discourage acorn and seedling predators

Open understory and reduce fire-intolerant
competitors

Xerify stes

Allow oak to dominate advance regeneration
pool

Increase flammable fuels

Galford and others 1988,
Sander and others 1983

Galford and others 1988,
Martin and Mitchell 1981,
Hannah 1987

Crow 1988, Maslen 1989,
Harmon 1984, Martin 1989,
Van Lear and Waldrop 1989,
Loftis 1990

Crow 1988, Van Lear 1990

Little 1974, Van Lear and
Waldrop 1983

Komarek 1965,
Martin and others 1975

Table 2-Effects of fire on insects’

Direct Effects
r R
HEAT | In litter, duff ]
FIRE > INSECTS | On understory vegetation |
SMOKE | Exposed on trees |
L J
Indirect Effects
ORGANICMATTER
FIRE  ~-— > VEGETATION ——> INSECTS
NUTRIENTS
-
INSECT [Grass & forbs |
FIRE - > VEGETATION ~—> HABITAT | Shrubs
| Trees
L J

! Martin and Mitchell (1981).

iy
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A regime of frequent burning over long periods of time creates an open stand in
pine or hardwood stands. In hardwood stands, long-term burning tends to
diminate smal understory stems outright and gradually reduces the midstory and
oversory canopy through mortdity resulting from fire wounds. Increased light
reaching the forest floor in these open stands will maintain the vigor of oak
advance regeneration.  Loftis (1990) demonstrated that dimination of the
subcanopy with herbicides encouraged development of advance regeneration of red
oak in mature mixed hardwood stands in the Southern Appalachians. | ong-term
burning should creste a sand dructure smilar to those creasted by injecting
understory hardwoods with herbicides.

Severe or frequent fires xerify the surface of forest sites by consuming much of the

forest floor and perhaps even organic matter in the minera soil, as well as by
exposing the gSte to greater solar radiation through canopy reduction (Van Lear
1990). Adequate advanced oak regeneration in the Southeaest is generdly found
more often on xeric sites than on mesic Stes (Sander 1988). Crow (1988) cited the
lower frequency of fire in recent years as a mgor factor in the failure of oak to
regenerate on better sites. Conversion of mesic sites to more xeric conditions by
intense fires or by a long regime of low intengty fires could explain in large part
the ability of oaks to dominate Sites where more mesic pecies normaly occur.

Mesic Stes may only have burned during cyclic periods of dry weather which have
gpparently occurred in the Southeast for millennia

The absence of fire since the turn of the century has dlowed species that are
intolerant of fire to become established and grow to a size where they, because of
thicker bark associated with age, can now resist fire. At greater than 5 cm (21in.)
d.b. h., yellow-poplar becomes amost as fire resistant as oaks (Maden 1989).
Mockernut and pignut hickories, scarlet oak, red maple, and blackgum are
examples of such species that are often found on sites where fire has been long
absent (Harmon 1984, Martin  1989).

Suppression of fire has alowed shrubby understory species to occupy drier sites
where fire was once frequent and oak more dominant. In particular, rhododendron
has dramaticaly increased its areal extent (Van Lear and Waldrop 1989, Martin
1989). Impenetrable thickets of ericaceous species, such as rhododendron,
mountain laurel, and huckleberry, now often dominate midstories and understories
of hardwood stands in the Southern Appalachians and prevent desirable hardwood
regeneration from becoming established (Beck 1989). Fire would top-kill these
species and, dthough they do sprout, new growth is dow and they would likely be
relatively unsuccessful competitors of regenerating oaks.

Y elow-poplar produces an abundance of seed amost annudly, and dthough the
seed has low viability, many remain viable in the litter and duff layer for severad
years (Carvell and others 1955, Maden 1989). Yelow-poplar seed germinate
reedily following burning (Shearin and others 1972). However, in a regime of
frequent fire, small yelow-poplar seedlings would be killed and the reservoir of
stored seed in the duff would be gradudly depleted.  Thus, frequent fires would
control to alarge degree this mgor competitor of oaks on high-qudity Stes.
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Frequent fire functions to dlow accumulation of oak in the advance regeneration
pool. Nearly al hardwood species sprout in aregime of annua winter fire (Thor
and Nichols 1974, Langdon 1981, Waldrop and others 1987). Hardwood sprouting
is more vigorous following periodic winter burns because of greater carbohydrate
reserves (Hodgkins 1958). Thor and Nichols (1974) noted that even with periodic
and annua winter burning, osk stems tend to increase a the expense of competing
hardwoods. After two periodic winter burns and eight annua winter burns, oak
stems comprised 61 and 67 percent of the tota stems, compared to 51 percent oak
stems on the unburned plots.

Annua summer fires eventudly eiminate dl hardwood sprouts (L.angdon 1981,
Wadrop and others 1987). Biennid summer fires dso gradudly diminae
hardwood sprouts, but, as mentioned earlier, oak succumbs more dowly than many
other species (figure 1). Oaks, in the absence of prolific root sprouters, such as
sweetgum, would gradudly dominate the advance regeneraion pool in mature
mixed hardwood stands because of the tenacity of their sprouting (Carvell and
Tryon 1961, Wadrop and others 1987). Increases in the number of oak sprouts
and, more importantly, the number of top-killed oak stems (up to 15-cm ground
diameter) with basa sprouts following summer broadcast burns suggest that
periodic summer burning would be expected to favor oak even more (Augspurger
and others 1987).
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Figure [-Cumulative mortality of hardwood roots over 26 years of biennial prescribed
burning (Langdon 1981).

When repegated burning occurs in stands with mixed advanced regeneration, oaks
have an advantage over less fire-resstant vegetation, which iskilled by fewer fires
of lower intensity (Waldrop and others 1987). This loss usudly exceeds species
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gain through invasion, since the frequency of the fires is asimportant to reduction
of fire-susceptible species as the intengity of the fire (De Seim and others 1990).

Sander (1988) stated that effective hardwood competition control may require as
many as three or more burns at 2- to 3-year intervals.

Studies of effects of single fires on composition of mixed stands have produced
varied results. McGee (1979) found that single spring and fdl burns in small
sapling-sized mixed hardwood stands in northern Alabama had little effect on
species composition other than to increase relative dominance of red maple and the
number of multiple slem oak dumps.  However, a single intense wildfire in a
young mixed hardwood stand in West Virginia shifted species composition to a
predominately oak stand (Carvell and Maxey 1969).

Frequent fire in oak stands may aso increase the production of legumes and
grasses, which benefit numerous wildlife species, but which aso creste a more
flammable understory. At the turn of the century, summer fires were quite
common in the Southeastern United States as farmers burned the land to facilitate
grazing. They had learned from early settlers, who in turn had learned from their
Indian predecessors, that growing-season fires best maintaned an open forest with
a rich herbaceous layer (Komarek 1965). Thor and Nichols (1974) noted an
increase in herbaceous vegetation following frequent burning in mixed hardwood
gandsin Tennessee.  Smilar findings have been reported in pine forests of the
Southeast by numerous researchers. Therefore, a burning regime of frequent fire
functions to create and maintain a ground cover that encourages the return of fire,
which for the reasons stated above would favor the establishment of oak advance
regeneration.

While some new oak stands result from stump sprouts, there is little dispute among
Slviculturigts that oak advance regeneration is often critica to the reestablishment

of many oak-dominated stands (Clark and Watt 1971, Sander and others 1983,

Loftis 1988, Lorimer 1989). However, while many acknowledge that fire may
have played a role in creating the present mature oak stands, no guidelines have
been developed for using fire to regenerate ok stands.

Based on the history of fire in the southeastern United States, and on biological
adaptations of oak and ecologica functions of fire discussed earlier, the following
tentutive guiddines are suggested for using fire in osk management. Our
hypothesis is that Slviculture which mimics the disturbance regime that created
present-day stands dominated by mature oask will create future stands dominated by
oak. Further research will be necessary to test and fine-tune these suggestions
before they can be recommended as silvicultural practices.

It has been suggested (Little 1974, Sander 1988, Van Lear and Waldrop 1989) that
an extended period of repeated burns prior to harvest may improve the status of
oak in the advance regeneration pool, especialy on better sites.  Although figure
2 depicts the sequence of suggested actions and likely responses to fire, there is no
ressarch that currently documents a series of burning trestments that will
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successfully accomplish this god. Therefore, a burning regime might include a
mix of winter and summer fires adjusted to enhance the relative position of oak in
the advance regeneration pool.

The famous Santee Fire Plot study showed that annua summer burns for 5 years
in a pine stand in the Coastal Plain killed about 40 percent of oak root stocks
compared to 55 to 90 percent of other woody competitors (Waldrop and others
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1987, Waldrop and Lloyd 1991). Biennia summer burning killed hardwood root
stocks more dowly, but the rate of mortality for other woody species was il
sgnificantly greeter than that of oak species. Annua winter burning, while not as
effective as summer burning in atering species composition, till tends to xerify
the site by consuming litter and reducing shading of top-killed understory species.

Initial height growth of oak advance regeneration is dow, since most of the early
growth goesinto the root system (Kelty 1988). Burning can increase the average
annual shoot growth of oak seedlings, providing a potentid advantage over
competing stems (Johnson 1974). Oak advanced regeneration occurs as true
seedlings or sprouts; the latter have root systems older than the stems and are often
referred to as seedling-sprouts (Sander and others 1976). A large root system is
necessaxy for initigtion of shoot growth when environmental conditions become
favorable (Crow 1988). Thus, a regime of frequent understory burns, perhaps
including both growing-season and winter burns during a period of 5 to 20 years
prior to harvest, should promote a favorable root/shoot ratio during oak seedling
establishment.  The timing of the burns would be dependent on the observed vigor
of the oak advance regeneration and its competitors.

Once an adequate number of oak seedling-sprouts are present and numbers of
competing species have been sufficiently reduced, fire should be withheld to alow
the oak advance regeneration to attain sufficient Sze to outgrow other species
which germinate or sprout after the mature stand is cut. A relatively open stand
with few midstory and understory trees would provide adequate light for the oak
advance regeneration to develop into stems of sufficient sze to outgrow other
species after the overstory is removed. Sander and others (1983) recommend that
1,075 advance regeneration oak stems/ha over 1.5 m tal be present before the
overstory is  removed.

Herbicides may be required to remove midstory trees that have grown too large to
be killed by low-intengty fires. Loftis (1988, 1990) has convincingly shown that
growth of advance regeneration of northern red oak can be enhanced by herbicidal
remova of midstory and understory competitors. Herbicides provide initial
sdlectivity of midstory stems to be eliminated prior to 