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PREFACE 

Pine-Hardwood Mixtures: A Symposium on Management and Ecology of the Type was 
held on April 18 and 19, 1989, in Atlanta, GA. The meeting was attended by 
over 200 land managers, wildlife managers, and researchers. Thirty-seven 
papers and eight posters were presented over a period of one and one-half 
days. Subject areas included Silviculture and Ecology; Wildlife; Growth and 
Yield; and Management. 

The purpose of the symposium was to stimulate interest in management and 
ecology of pine-hardwood mixtures. Papers were selected by the planning 
committee from abstracts submitted prior to the meeting. Preference was given 
to papers that would identify current research and present research results on 
silvicultural practices, environmental effects, wildlife interactions, and 
productivity. Other papers were selected to provide examples of management 
approaches, describe biologic and geographic limits of the pine-hardwood type, 
and identify research needs. Authors followed the review policies of their 
individual institutions, and the proceedings editor checked each paper for form 
and completeness. 

The planning committee gratefully appreciates the efforts of authors and 
reviewers which contributed to a successful and informative program. Our 
appreciation is also given to Sara Baldwin, Timothy Evans, Donn Geisinger, John 
Haney, Darla Miller, Beth White, and David White for an excellent job of 
operating audio-visual equipment. A special note of thanks is given to the 
moderators who provided additional insight to each topic and kept the 
concurrent sessions on schedule. Moderators included: Gilbert P. Dempsey of 
the Northeastern Forest Experiment Station; M. Boyd Edwards, Jr., of the 
Southeastern Forest Experiment Station; David C. Guynn, Jr., of Clemson 
University; William L. Hafley of North Carolina State University; David Wm. 
Smith of Virginia Polytechnic Institute and State University; and Klaus 
Steinbeck of the University of Georgia. 
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ECOLOGY OF THE PINE-HARDWOOD WPE 

Arthur W .  ~ o o ~ e r '  

--The m~xed  ptne-hardwood type occurs sver a wide array of so;'s and ir a 
number of geographic regtons in the Southeastern iintted States 2uring most recent 
futi glac~al time genera and specres now composing the type #ere confined to the 
Lower Coastal Piarn of the  glitf states Rapid northward nrgratrons followed giacral 
retreat and present specres drstrrbulions in the Southeast were reached about 5 000 
yeas  ago The vegetation of the Southeast before settlement by Europeans was heavi- 
ly influenced by fire and other natural disturbances On the Coastal Plain ~t cons~sted 
largely of longleaf pine savannas and woodlands whereas a transition zone of iongleaf 
and other plnes mixed with hardwoods in savanna woodlands accurred along the edge 
of the largely hardwood domrnated forests of the Piedmont plateau V~rtuaily all of thrs 
open pine and prne-hardwood forest rs now gone The present forests of the Southeast 
are classified into tvvo regions In the Oak-P~ne region of the Piedmont stands sf oak 
and hickory mrxed with pine are dominant The Southeastern Evergreen Regron covers 
most of the Coastal Platn Here, In the absence of frre successron produces a mrxture 
of plne and p~ne-hardwood types on the uplands iiVhen distrubance 1s elrmrnated 
upland successton often leads to a mixed forest composed of many of the common 
Southeastern hardwoods 

Management of mixed pine-hardwoods can produce a number of benefits. Since the 
type develops naturally, its management does not usually involve large investments for 
establishment and hardwood control and the environmentally-conlroversial practices 
associated with plantation forestry. Mixed stand management also leads to stands 
that have greater diversity than plantations. Mixed stands have more niches and micro 
habitats, are genetically more diverse, and have greater variety in species composition 
and architecture than plantations. Management of' mixed stands also allows the 
forester opportunities to create diversity and promote more varied wildlife populations. 
IL'lixed stands, under many circumstances, offer the iandswner a management oppor- 
tunity that is not only closer to his or her pefsonai reasons for owning forest land but 
also may be financially more attractive, Consequently. emphasis on mixed stand 
management may bring more acres into production than would persistent efforts to 
promote plantations. Successful mixed stand management wili require more silviclal- 
tural skill and knowledge and better growth and yield information than we now have. 
It will also require greater sensitivity on the part of foresters to the concerns of private 
landowners. Foresters must learn to incorporate land owner desires and those of the 
public into management practices rather than forcing their views on society. 

INTRODUCTION 
To discuss the ecology of pine-hardwood m i~u res  now practiced t hroug hout the Southeast. Although 
is a daunting task. The type occurs in most of the it would be productive to consider the pine- 
major forest regions of eastern North America and hardwood mixtures of New England and the Lake 
involves literally thousands of species, hundreds of States, to do so would be mare than can comfortab- 
soil types, and a number of climatic zones. When ly be handled in my alloted time. 
these are coupled with the wide array of impacts 
man may induce, the breadth required of a com- 
petent treatment is substantial. Furthermore, 
another paper on the program will discuss several 
significant aspects of the subject. Consequently, I 
will limit the scope of my comments by discussing 
in detail the pine-hardwood type in the South- 
eastern United States and some of the ecological 
and social benefits, both real and perceived, to be 
derived from a greater emphasis on management of 
the type. As should be clear, the standard against 
which management of the pine-hardwood type is 
measured is pine plantation management as it rs 

' tiead, Department of Forestry, North Carolrna 
State University, Raleigh, NC. 

EVOLUTION OF THE SOUTHEASTERN 
PINE-HARDWOOD "BYPE 
Although the genera, and even some of the species, 
that combine to make up the vegetation types of the 
present Southeastern pine-hardwood region have 
probably existed for millions af years, the forest 
types which we are now managing have existed for 
much shorter periods of time. Major climatic chan- 
ges, ecological factors such as soil wype, topog- 
raphy, and Fire, and man's ability to alter the 
operation of these factors have combined in dif- 
ferent ways at different points in time to produce an 
ever-changing landscape. In fact, given what we 
now know about the likelihood sf climate change in 
the future, it is quite likely that our landscape will 
continue to cha~ge,  



In beginning our consideration of the history of the 
Southeastern pine-hardwood region, we must go 
back to the beginning of the most recent full glacial 
episode 50-1 00,000 years ago. At that time ice 
sheets began their slow movement south. Whatever 
vegetation existed at that time also migrated south- 
ward ahead of the advancing ice. This last cycle of 
glaciation, the Wisconsinan, reached its greatest ex- 
tent about 20-1 8,000 years ago. At that time ice ex- 
tended from the Rockies in Canada across the 
northern plains and then southward to southern II- 
linois, Indiana, and Ohio and thence eastward 
across southern New York and northern Pennsyl- 
vania to Long Island. 

Although there has historically been much debate 
about what the forest types of the Southeast were 
during this full glacial time, it is now generally 
agreed that they were very different in composition 
and distribution than they are now (Delcourt and 
Delcourt 1979). The maximum displacement of 
eastern deciduous species occurred between 
22,000 and 16,500 years ago (Delcourt and Del- 
court 1979). Throughout most of the Piedmont and 
Upper Coastal Plain as far south as South Carolina 
boreal species of spruce and jack pine were the 
dominants. This type extended in a broad belt from 
Missouri to North Carolina and northward Po a iine 
running south from southern Minnesota, southern 11- 
linsis, Indiana, and Ohio to Pennsylvania. 

The species that now comprise the eastern 
deciduous forest were confined to relatively small 
populations in the Lower Coastal Plain of the gulf 
states and Florida. During full glacial time, xeric 
oak- hic kory woodland occurred in the Gulf Coastal 
Plain from central Texas to south Georgia and 
southern yellow pines persisted on the Alabama 
Coastal Plain (Delcourt and Delcourt 1 979). Popula- 
tions of oak-hickory type in Texas and Louisiana 
were isolated from those on the Gulf Coast (Del- 
court and Delcourt 1979). Large portions of the 
Southeast were also much more arid than they are 
now (Davis 1981 ). The vegetation of the zone be- 
tween the oak-hickory-southern yellow pine wood- 
land and the spruce-fir-jack pine forests is not 
known, but Delcourt and Delcourt (1 979) speculate 
that it was a tension zone somewhat similar to the 
northern hardwood zone of today's Lake States. 

Retreat of the continental glaciers 16-1 0,000 years 
ago was rapid and accompanied by an equally 
rapid migration of species northward. In the ex- 
treme south, boreal species essentially disappeared 
by 15,000 years ago and were replaced by 
deciduous forest species. In the latitude of North 
Carolina and through most of the Piedmont and 
Upper Coastal Plain spruce and pine forests were 
replaced by components of what we now call north- 
ern hardwoods (beech, hemlock, sugar maple) by 
10,000 years ago. Pollen data suggest that at that 

time these forests may have contained southern 
genera such as Liriodendron and Liquidambar, and 
oaks and hickories and thus were not like the true 
northern hardwoods of today (Delcourt and Del- 
court 1979). Over the next 5,000 years, northern 
hardwoods were replaced by the species that now 
compose the mixed oak-hickory and pine forests of 
the southeast. The Mixed Mesophytic forest 
migrated to its present location in the Cumberland 
and Alleghany Plateaus. A period of warming and 
drying about 5,000 years ago led to final elimination 
of most cool temperate genera from the Southeast. 
Presumably, changes occurring during the past 
5,000 years led to development of the pre-settle- 
ment forest types of the Southeast. 

There have been few extensive studies of the pre- 
settlement vegetation of the Southeast. The studies 
that have been done show that presettlement 
Southeastern forests were subject to much higher 
degrees of disturbance, particularly by fire, than 
might have been supposed. For example, Ware 
and others (in press) show that 97% of the Coastal 
Plain uplands and parts of the Piedmont was once 
covered by fire-influenced vegetation such as pine 
savannas and woodlands. Only 3% of the area was 
covered by Southern Mixed Evergreen Forest, 
which has been considered by many Po be the 
"climax" type of the Coastal Plain. Longleaf pine, 
which was once the most abundant tree of the Coas- 
tal Plain, now occurs in only about 1 % of its original 
range. Fire-influenced communities have declined 
throughout the 400 years that Europeans have 
been in the South. From this, one can infer that the 
view that succession in the Coastal Plain will lead to 
hardwood dominated forests essentially free of 
pine, although perhaps theoretically correct, will 
occur only if protection from fire is rigorously pur- 
sued. In the presence of fire, which was the normal 
state of affairs in the Coastal Plain prior to 
European settlement, forest types will tend more 
toward pure stands of pine or mixtures of pine and 
hardwood than pure stands of hardwood. Ware 
and others (in press) point out that in the Coastal 
Plain hardwoods were once mostly confined to the 
edges of swamps and their expansion into upland 
areas occupied by pine has occurred in the ab- 
sence of fire and logging. These circumstances 
have led to the concept of a mixed hardwood forest 
as the "climax" type of the Coastal Plain. 

Ware and others (in press) show that there were 
two major regions of presettlement forest within 
what is now the southern yellow pine region. The 
largest of these was a zone covering most of the At- 
lantic and Gulf Coastal Plain from southeastern Vir- 
ginia to east Texas in which longleaf pine was the 
dominant species. Many ecologists refer to this 
region as the Southern Mixed Hardwood Forest. 
This zone was a "mosaic of pine savannas, 
sandhills and flatwoods"', within which other, more 



localized communities were mixed (Ware and 
others 1989). Between this vast region dominated 
by longleaf pine and the oak-hickory-shortleaf pine 
forests of the interior of the Piedmont Plateau lay a 
transitional forest in which longleaf pine in almost 
equal proportion was mixed with hardwoods (Ware 
and others 1989). This was not what we now call 
mixed pine and hardwoods, which occurs largely 
following logging, but a savanna woodland with 
varying mixtures of dominants including longleaf, 
shortleaf, and loblolly pine, post, white, and 
southern red oak, hickories, and scrub oaks (Ware 
and others 1989). The forests of this region were 
eliminated by logging many years ago. It is essen- 
tially gone from the landscape and no remnants of 
it are preserved anywhere. 

PRESENT FOREST TYPES OF THE SOUTHEAST 
From an ecological perspective, the area covered 
by the pine-hardwood type that is the focus of the 
majority of papers on this program, is essentially 
the Oak-Pine and Southeastern Evergreen Regions 
of Braun (1950) and is virtually conterminous with 
the distribution of the four major southern yellow 
pines (longleaf, loblolly, shortleaf, and slash). The 
Oak-Pine region covers the Coastal Plain of New 
Jersey, Deiaware, and Maryland, par? of the Coastal 
Plain and all of the Piedmont of Virginia, the Pied- 
mont of the Carolinas and Georgia, the Piedmont 
and Coastal Plain of Alabama and Mississippi, and 
a section in southwest Arkansas, northwest 
Louisiana, and east Texas. It is frequently called 
the Eastern Oak-Hickory region because its 
dominant species are oaks and hickories many of 
which occur in the Oak-Hickory region of the mid- 
west. The Oak-Pine region is now characterized by 
stands of mixed oak, with white oak frequently 
dominant, hickory, yellow poplar, beech, and other 
hardwoods. Although the region was probably less 
affected by fire than the Coastal Plain prior to 
European settlement, disturbance was still great 
enough so that pines were a common component 
of the canopy. Now pines, as a result of land clear- 
ing for farming, land abandonment and numerous 
cycles of high-grading, are major components of 
the forests of the region. 

The Southeastern Evergreen Region covers the 
Coastal Plain of Southeastern Virginia, the 
Carolinas and Georgia, the Middle and Lower Coas- 
tal Plain of Alabama and Mississippi, and a small 
section of west Louisiana and east Texas. As indi- 
cated previously, much of the original vegetation of 
this region was longleaf pine maintained by con- 
tinued fires. Now, the region is a mixture of pine 
forests, primarily loblolly and slash, in a variety of 
different physiographic situations, stands of mixed 
pine and hardwoods, and hardwoods. Bottomland 
and other wet forests are extensively developed. 
Whereas the original "climax" forests of this region 

were undoubtedly pine forests over most of the 
area, now these forests are not naturally reproduc- 
ing themselves and, where disturbances are 
eliminated, succession is leading toward a mixed 
hardwood forest (Quarterman and Keever 1 962). 

Thirteen upland SAF forest cover types (SAF 1980) 
are included in the region under consideration, in- 
cluding 9 southern yellow pine types and 4 oak- 
pine types (true mixed pine hardwood types). The 
oak-pine types include longleaf pine-scrub oak, 
shortleaf pine-oak, virginia pine-oak, and loblolly 
pine-hardwood. All of these types are, in one way 
or another, successional. The pine types are effec- 
tively early successional stages and the oak-pine 
types are transitional to some type of more stable 
hardwood type. 

The U.S. Forest Service recognizes three broad 
types within the region - oak-pine, loblolly-shortleaf 
pine, and longleaf-slash pine (USDA-Forest Service 
1969). These types occur in the Piedmont and 
Coastal Plain of the Southeast from Virginia to east 
Texas and northward into the Ridge and Valley 
Province of Tennessee. 

From a vegetational perspective the Southeastern 
region is one in which the distinction between 
climax and successional types is heavily blurred by 
the activities of man. There are essentially no 
remaining stands of original natural vegetation. It is 
clear that man has altered the forest types of the 
region in a number of ways. By the early 1900's 
lumbering removed the vast stands of pine, chiefly 
longleaf, that occurred extensively throughout the 
region. They were replaced by pines and 
hardwoods with the exact species mix depending 
upon geography and site conditions. Land clearing 
for agriculture eliminated large areas of forest, par- 
ticularly on the better soils. As soil deteriorated and 
the economic condition of agriculture waxed and 
waned, these lands were abandoned and quickly 
began to revert to pine forest, chiefly shortleaf, Vir- 
ginia, and loblolly. Hardwoods quickly entered 
these pine stands. Natural succession, without fur- 
ther disturbance, produced stands in which there 
were mixtures of young hardwoods and older 
pines. Without disturbance, these stands eventually 
progressed to hardwood dominance with pines 
present only as scattered, mature trees. With log- 
ging, which occurred mostly as high-grading, these 
stands were quickly converted to pine-hardwood 
mixtures or hardwood stands with a varying, but 
smaller, component of pine. In almost all situations 
forests were protected against fire. Such protection 
tended to reduce the likelihood of pine reestablish- 
ment and to favor encroachment of hardwoods. 
Regardless of the nature of disturbance, natural suc- 
cessional trends led almost exclusively to the 
production of pine- hardwood mixtures and, even- 
tually, to pure stands of hardwoods. 



The loblolly pine-hardwood type, which is now so 
extensive in the Upper Coastal Plain and the Pied- 
mont where it abuts the Coastal Plain, is a type of 
relatively recent origin. Loblolly pine was originally 
distributed largeiy as single trees or small groups of 
trees in or near swamps and other wetlands (Ashe 
1915). Its prolific early seed production and rapid 
growth enabled it to expand its range following lum- 
bering into abandoned agricultural fields and 
cutover woodlands (Ashe 191 5). These natural 
stands of loblolly pine, frequently mixed with 
hardwood, became the original base of the post 
World War II pine lumber industry of the 
Southeastern Coastal Plain. The species further ex- 
panded its range following logging. Its silvical 
characteristics and desirable commercial properties 
caused it to become the favored species for inten- 
sive industrial management throughout much of the 
South. 

BENEFITS OF MANAGING MIXED 
PINE-HARDWOOD STANDS 
There appear to be a number of advantages to 
management of mixed pine-hardwood stands, at 
least when compared to plantation monocultures of 
pine Although it is unlikely that the economics of 
management of mixtures will approach that of plan- 
tations, there are certain circumstances and situa- 
tions when reduced dollar gain is more than 
balanced by non-monetary benefits. 

As pointed out in my discussion of the evolution of 
the mixed pine-hardwoods, the type develops 
naturally, as a result of successional forces. 
Hardwoods invade pure stands of pine and become 
components of logged stands of pine or mixed pine 
and hardwoods. In fact, in order to maintain planta- 
tions in pine the forester has to devote resources to 
preventing this natural progression of pine to 
hardwood. Substantial sums of money are spent at 
establishment to control hardwood competition, 
either mechanically or with herbicides. In addition, 
fire and herbicides may be used later in the rotation 
to control hardwood encroachment, Such silvicul- 
tural practices are costly. Site preparation at estab- 
lishment can add substantially to the front end cost 
of tree growing as can the cost of eontrolied burns, 
either at establishment or during the rotation. Her- 
bicidal control of hardwoods is not only costly from 
a financial point of view, but it may also be costly 
from an environmental and public relations point of 
view. Many people do not accept herbicides, par- 
ticularly when they are applied aerially as they often 
must be at establishment. Forest management that 
reduces dependency on chemicals for control of 
competition is, from a public relations point of view, 
highly desirable. Obviously, any management sys- 
tem that can reduce establishment costs and still 
produce a manageable stand, is also highly 
desirabie. 

Management of mixed pine hardwood stands is 
also preferable from a purely biological perspective 
in that it leads to forest stands which are more 
diverse biologically than are pure plantations of any 
species, particularly pine. This diversity is 
manifested in a greater number of species, not only 
trees and forest shrubs and herbs, but also in 
animal species. For example, in Oosting's classic 
study of succession in the North Carolina Pied- 
mont, he found that in young pine stands there was 
only one canopy dominant (loblolly pine) and 10 
young hardwood species (Oosting 1942). In ma- 
ture loblolly pine stands the total number of canopy 
and transgressive species was about 20, and in ma- 
ture oak-hickory stands the number was 28. The 
number of niches and microhabitats also increases 
as succession progresses. 

It can be argued that mixed stand management 
promotes greater diversity in other ways, at least in 
comparison to plantation management. By relying 
to a greater extent on natural reproduction which 
encourages populations of both pines and 
hardwoods, the total genetic diversity of the stand is 
increased. Depending upon the origin of the pines 
in the stand, the gene pool may, or may not, be 
wider than that of the pines in a plantation. In light 
of the potential effects of climatic change of forests 
in the Southeast, this reservoir of genes in mixed 
pine-hardwood stands may provide the genetic 
flexibility that the type and its component species 
need to respond to future climatic warming or 
drying. 

Emphasis on mixed stand management promotes 
diversity in another way in that it leads to greater 
landscape variety. Despite their orderly nature, 
plantation pine stands are viewed by many as creat- 
ing a monotonous landscape. Pine-hardwood 
stands, however, because of the great variety and 
differing architecture of species found in them are 
more diverse in appearance and lead to a 
landscape with more variety in it. What may ap- 
pear to the forester as a ragged, disorderly, un- 
productive landscape with patches of mixed-pine 
and hardwoods of varying composition and age, 
presents a greater variety in terms of aesthetic ap- 
peal and compositional and structural variation 
than a plantation-dominated landscape. 

Management of the pine-hardwood type actually 
presents the forester with opportunities to create 
diversity through management practices. Through 
manipulation of species composition and age struc- 
ture, the manager has a wide variety of options for 
creating stands of differing species composition 
and structure. Such different stands will contain 
populations of different lesser plant and associated 
animals species thus further contributing to the ob- 



jective of promoting diversity. Because diversity is 
so much on the mind of forest managers and the 
public today, any practice which can reasonably be 
said to promote diversity is likely to find far wider ac- 
ceptance with the public than will intensive, planta- 
tion forestry. 

Mixed stands also favor more diverse wildlife 
populations. Pine plantations are noted for their 
limited ability to support large wildlife populations. 
Mixed pine-hardwood stands, on the other hand, 
can be expected to support substantial populations 
of many of our important game species. Deer, 
turkey, squirrel and rabbits are more likely to sur- 
vive in large numbers in mixed stands. Quail are 
perhaps the only major game species favored by 
pure pine stands, and they do not survive without 
management assistance from a controlled burn 
program. Additional variety can be added by allow- 
ing dead pines and hardwoods to persist in mixed 
stands, a practice hardly compatible with plantation 
managment and clearcut regeneration. Although 
wildlife populations differ with differing mixes of 
pine and hardwoods, and will change as stands 
age and the mix of pine and hardwoods and of 
hardwoods changes, the manager is clearly promot- 
ing a social benefit by managing for stand mixtures. 

Pine-hardwood mixtures also are probably aestheti- 
cally more appealing than are pure stands of pine. 
Although the forester is proud of a well-established, 
rapidly growing pine plantation regenerated with 
genetically improved stock, most non-foresters look 
on such stands as they do agricultural fields--as 
uninteresting, intensive uses of land for production 
purposes. They do not view plantations as forests. 
A pine-hardwood mixture, with its towering old 
pines and its ragged, multispecies hardwood under- 
story, is much more a "forest" to the non-forester. 
In addition, older stands of mixed-pine and 
hardwoods, usually with no effort from the 
manager, develop significant populations of the 
rarer forest wildflowers and invertebrates that many 
forest lovers regard as the major benefit of forest 
management. With just a few exceptions, such as 
the pink ladyslipper, few wildflowers occur in pine 
plantations. On the other hand, the major locations 
where we seek spring and summer wildflowers is in 
deciduous woodlands. Many members of the 
general public are reacting negatively to monocul- 
tural forestry. To the extent that we can move to 
management of mixtures, it seems we may well 
recapture some of our lost support among the 
general public. 

Management of mixed stands also presents an at- 
tractive financial alternative to private, non-in- 
dustrial landowners who have neither the money or 
the desire to manage intensively for pine. Many 
private landowners hold their land only incidentally 
for production of timber. They are more interested 

in the "other" benefits that can be derived from the 
woods they own. When approached with an inten- 
sive, monocultural management plan, such land- 
owners recoil and turn to no management at all as 
their only perceived alternative. If we present such 
owners with true alternative land management 
schemes that involve managing mixed stands, 
using cutting regimes that leave a substantial 
amount of the stand after each entry, promoting 
plant and animal diversity, providing for structural 
diversity by leaving dead standing timber and 
promote fallen dead wood, and maintaining the 
values of the forest on which the owner puts em- 
phasis, we run a much better chance of having our 
proposal accepted. In addition, under certain con- 
ditions management of mixed stands may actually 
be more attractive financially than plantations 
management. 

Presentation of genuine management alternatives to 
private owners may have the effect of bringing more 
land into production than might otherwise occur. 
Many and, perhaps, the majority of small land- 
owners, are simply not interested in intensive forest 
management. They can neither afford it nor can 
they accept its consequences in terms of perceived, 
or real, environmental damage. The net result is 
that the lands of such owners are effectively 
removed from those that might potentially be har- 
vested. We may well be able to accomplish the ob- 
jective of bringing more land into production to 
meet our timber goals by harvesting such lands 
more "lightly" and using practices which more close- 
ly approximate nature than by insisting on intensive 
forestry. 

PROBLEMS IN MANAGEMENT OF THE 
PINE-HARDWOOD TYPE 
It should be clear, however, that management of 
mixed stands is no panacea for the social and en- 
vironmental problems that now beset forestry. 
There are a number of problems that will arise from 
mixed stand management and we should consider 
these well in making our plans for furthering such 
management. 

First, it is likely that mixed stand management will 
require more silvicultural knowledge than we now 
have. More species are involved and we know very 
little about the silvics of some of these. For ex- 
ample, we are all well aware of the difficulty that we 
have encountered in regenerating oak on many 
lands that previously supported oak throughout the 
South. In a system stressing mixed composition in 
the managed stand, we well may not know enough 
about certain species to be able to manage them ef- 
fectively. Further, we may not yet have the silvicul- 
tural skills - systems -to promote certain types of 
management. This is certainly true when our con- 
cern is lesser plant species or invertebrates. We 



simply have too little experience with their manage- 
ment to be sure we can meet public demands for 
their production. 

It is a certainty that we wilt need more and better in- 
formation on growth and yield. Fortunately, a num- 
ber of researchers are now beginning the 
development of growlh and yield projections for 
mixed stands. A number of these are featured at 
this symposium. It is clear that we will need this in- 
formation in order to make informed decisions 
about management alternatives and to develop a 
sound base on which to project the economics of 
mixed stand management. 

Mixed stand management will require more sen- 
sitivity of the foresters making management recom- 
mendations than we have probably seen in the 
past. The usual posture of the forester when con- 
fronted with someone who criticizes professionally- 
accepted forest management practices is to regard 
the person as poorly informed. The forester as- 
sumes that if the person were "educated" to under- 
stand the forester's viewpoint, then the 
disagreement would go away. As Magill (1 988) 
points out, professionals seem unable to accept the 
opinions of the public as sound, because they have 
not been scientifically reached, but rat her regard 
them as "uninformed, emotional, and unimportant." 
As a consequence, professionals believe that in in- 
teracting with the public they must shape public 
opinion rather than incorporate it into their manage- 
ment policies (Mag ill 1 988). This unwillingness to lis- 
ten to the public and accept its views as valid lies at 
the base of many of today's resource disputes. How 
many times has each of us said, "If we could just 
educate the public about clearcutting, they would 
understand the practice and accept it." My guess is 
that we could spend the rest of our lives explaining 
clearcutting and our opponents will never accept it. 
in short, there is a clear distinction between forcing 
our views on the public and incorporating their 
views into our management programs. 

CONCLUSIONS 
Mixed stand management affords us an opportunity 
to incorporate many values about which the public 
feels strongly into forest management and, by so 
doing, making allies of persons who are now our bit- 
ter foes. in managing mixed stands, we will not 
have ts  emphasize controversial practices such as 
intensive site preparation and clearcutting. We can 
manage for timber production, albeit at a lower 
level of intensity, while at the same time managing 
For larger populations of the wildlife and lesser plant 
and animal species that members of the public 
value highly. We can also manage for aesthetics 
and emphasize practices that are likely to bring into 
product ion acres that othewise might be unproduc- 
tive from the perspective of timber production. 

In a way, mixed stand management may well offer 
us an opportunity to regain some of our natural con- 
stituency in the public that we now seem to an- 
tagonize by viPtually everything we do. Let us hope 
I am right and, if I am, that we as a profession are 
wise enough to take advantage of the opportunity. 
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THE PINE-WAR D RESOURCE IN THE EASTERN 
UNITED STATES 

Raymond M. Sheffield, Thomas W. Birch, Earl C. Leatherberry, and 
William H. ~ c ~ i l l i a m s '  

. - In the Eastern Un~ted States, 31 million acres of timberland are classrf~ed as pine- 
hardwood. Many additional stands classified as pine or hardwood types are also diverse mgx- 
tures of s o h o o d  and hardwood species. The pine-hardwood resource 1s c~ncentraaed in the 
South, Natural forces and human activity cause these mixed stands to be transitory and dynamic. 

INTRODUCTION 
Mixtures of pine and hardwood are an inevitable 
component of the landscape wherever pines and 
other sofiwood species exist. Pine-hardwood 
stands form one of the major Eastern United States 
ecosystems (Garrison and others 1977). Once 
viewed as an end result to be avoided from a timber 
management perspective, mixed stands of pine and 
hardwood are now recognized as a viable, manage- 
able forest resource (Phillips and Abercrombie 
1987). Mixed stands supply significant quantities of 
timber, diverse habitats for wildlife, and large 
acreages for recreation. Perhaps the most impor- 
tant benefit Is the diversity, both biological and es- 

This paper summarizes existing data documenting 
the extent of the pine-hardwood resource in the 
Eastern United States. These data were collected 
during periodic inventories conducted in each State 
by the USDA Forest Service. Forest Inventory and 
Analysis (FIA) Research Work Units at the North 
Central, Northeastern, Southeastern, and Southern 
Forest Experiment Stations, which are responsible 
for these broad-scale inventories in their respective 
sections of the Eastern United States (figure I ) ,  
provided the data for this descriptive analysis. For 
reference purposes the data have been dated 1989, 
but the statistics are from the most recent inventory 

'Research Forester. Southeastern Forest Experiment 
Station, Asheville, NC; Forester, Northeastern Forest 
Experiment Station, Broomali, PA; Geographer, North 
Central Forest Experiment Station, St. Paul, MN; and 
Research Forester, Southern Forest Experiment Sta- 
tion, Starkville, MS. 

Figure 1 .--Delineations of the Eastern United States, 
by regions of inventory responsibility. 



of each State and have not been updated to a com- 
mon date. Inventory dates for individual States 
range from 1972 to 1 988; inventories have been 
completed in most of the States involved since 
1980. Most of the data presented are totals for the 
entire Eastern United States. Additional data are 
presented for the North and South. The North is 
comprised of the North Central and Northeast 
regions as depicted in figure 1; the South is made 
up of the South Central and Southeast regions. 

DEFINlNG THE rVPE 
Any estimate of mixed pine-hardwood acreage 
must be related to a definition of what constitutes a 
mixed stand. Standards used by FIA in classifying 
forest types are based on the stocking of softvvoods 
present in a stand relative to the total stocking of all 
species. A softwood forest type is assigned to all 
stands in which softwoods (excluding cypress) con- 
stitute 50 percent or more of the total stocking. 
Hardwood types are assigned when the softwood 
propofiion is less than 25 percent (more than 75 
percent hardwoods). All stands with between 25 
and 50 percent softwood stocking are assigned an 
oak-pine type (referred to as pine-hardwood 
throughout the paper). The totals established for 
pine-hardwood stands in this paper are based on 
these forest type standards. 

We acknowledge that these forest type standards 
exclude a poflion of the forest resource that could 
be described as mixed stands of pine and 
hardwood. An extreme interpretation of forest type 
guidelines could include as pine-hardwood every 
stand except those that are 100 percent softwood 
or 100 percent hardwood. Perhaps the most realis- 
tic way to portray the relative magnitude of mixed 
stands is to array all stands on a continuum be- 
tween 0 and 100 percent softwood stocking. Figure 
2 displays a frequency distribution for timberland in 

Percent of total 
60 j 1 I Hardwood Pine-hardwood Pine 

V 

0-30 11-20 21-30 31-40 41-50 5180 61-70 71-80 81-90 91-100 
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Figure 2.--Percentage distribution of timberland in 
the South, by softwood stocking proportion. 

the South by 10-percent softwood stocking 
categories. More than half of the South's timber- 
land is in the two lowest categories of softwood 
stocking. In other words, hardwoods make up 80 
percent or more of the stocking on more than half 
of the South's timberland. Except for the 91 -1 00 
percent class, the remaining timberland is dis- 
tributed almost equally among the remaining stock- 
ing categories. Stands classed as pine-hardwood 
are highlighted on the chart. The reader can ap- 
proximate the impact of classifying a wider range of 
softwood proportions on the estimates of mixed 
stand area. 

AREA 
As defined, pine-hardwood stands currently occupy 
some 31.2 million acres throughout the East (table 
1). Across this region, pine-hardwood stands ac- 

count for 8.7 percent of all timberland. Mixed 
stands are concentrated in the South, where pines 
are more common. About 27.2 million acres, nearly 
15 percent of the timberland area, are classified as 

Tab le  1.--Area o f  pine-hardwood s tands i n  t h e  Eas te rn  U n i t e d  S ta tes ,  by 
d e t a i l e d  t ype  and r e g i o n  

D e t a i l e d  

M i l l i o n  ac res  

White pine-hardwood 
E ,  redcedar-hardwood 
Long lea f  pinewscrub oak 
S h o r t l e a f  pine-oak 
V i r g i n i a  pine-hardwood 
L s b l o l l y  pine-hardwood 
S lash  pine-hardwood 
Other pine-hardwood 

All pine-hardwood 31.2 4.0 



United States classified as pine-hardwood forest 
tY pe. 

pine-hardwood in the South. The remaining 4.0 mil- 
lion acres are in the North. 

Concentrations of pine-hardwood acreage are clear- 
ly indicated by mapping each county according to 
the proportion of timberland classed as pine- 
hardwood (figure 3). Most of the South's counties 
have more than 8 percent of their timberland clas- 
sified as pine-hardwood. A notable exception in- 
cludes counties along the Mississippi River that 
contain mostly boltomland hardwood forests. Fur- 
ther north, pine-hardwood stands occur less fre- 
quently but remain a common component of the 
landscape in much of Missouri. Kentucky. southern 
Illinois, Indiana, and Ohio, and northeastward to 
Maine. 

The primary softwood species that mix with 
hardwoods change dramatically with geography. 
Even within local areas, many different softwood 
species may form various mixtures with hardwood 
species. FIA recognizes seven different pine- 
hardwood detailed types plus an "other" category. 
These detailed types are named according to the 

primary softwood species present in combination 
with hardwoods, and their occurrence follows the 
range of each individual softwood species. These 
detailed types are listed and briefly described 
below. Scientific names of species are in table 2. 

(1 ) Slash pine-hardwood. Slash pine and 
hardwood mixtures are confined to the 
southernmost States, where the slash pine ecosys- 
tem is located (Sheflield and others 1983). Slash 
pine-hardwood stands total 1.7 million acres. They 
occur most commonly in Florida, Georgia, 
Alabama, and Mississippi. 

(2) Longleaf pine-scrub oak. This combination is 
more widely distributed than slash pine. but it is still 
generally confined to the southern areas2 Longleaf- 
scrub oak mixtures occupy 1.3 million acres and 
are common in ponions of Mississippi, Alabama, 
Florida, Georgia, and the Carolinas. 

 ell^, John F.; Bechtold, William A The longleaf pine 
resource. In: Longleaf pine management symposium 
proceedings; 1989 April 4-6; tong Beach, MS. (in process), 



Table 2,--Cornon and s c i e n t i f i c  names of referenced 
t r e e  spec i e s  

Contaaon n m e  S c i e n t i f i c  name 

Softwoods : 
Eastern hemlock 
Eastern redcedar 
Emte rn  white p ine  
F i r  
Loblolly p ine  
Longleaf p ine  
P i t ch  p ine  
Pond p ine  
Shor t leaf  p ine  
Slash p ine  
Spruce 
Table Mountain p ine  
Virg in ia  p ine  

Hardwoods: 
Blackgum/tupelo 
Chestnut oak 
Laurel oak 
Northern red  oak 
Wed maple 
S c a r l e t  oak 
Southern red  oak 
Swee tgum 
Water oak 
White oak 
Willow oak 
Yellow-poplar 

Tsuga canadensis  (L.)  Carr. 
Juniperus  v i rg in iana  L. 
Pinus s t robus  L. -- 
Abies SEE.  M i l l .  
P inus  taeda  L.  
P inus  p a l u s t r i s  M i l l .  
Pinus r i g i d a  M i l l .  
Pinus s e r o t i n a  Michx. 
P inus  ech ina t a  M i l l .  
Pinus e l l i o t t i i  Engelm. 
P i cea  a. A .  Dietr. 
Pinus pungens Lamb. 
Pinus v i rg in i ana  M i l l .  

Nyssa SEE. L. 
Quercus pr inus  L. 
Quercus l a u r i f o l i a  Michx. 
Quercus rubra  L. -- 
Acer rubrum L. -- 
Quercus coccinea Muenchh. 
Quercus f a l c a t a  Michx. -- 
Liquidambar s t y r a c i f l u a  L. 
Quercus nigra L. 
Quercus a l b a  L. -- 
Quercus ~ h e l l o s  L. 
Liriodendron t u l i p i f e r a  L. 

(3) Lobkolly pine-hardwood. This mixture is by far 
the most common, covering 14 million acres. 
Loblolly pine occurs across an extensive 
geographic area in association with a wide range of 
hardwood species on both upland and bottomland 
sites. The occurrence of this mixture follows the 
natural and introduced range of the species (Mc- 
Williams and Birdsey 1984; Sheffield and Knight 
1983). It is found throughout much of the South, ex- 
tending as far north as Arkansas, Kentucky, Vir- 
ginia, Maryland, and Delaware. 

(4) Shortleaf pine-oak. Shortleaf pine mixes with 
numerous upland oak species to form the second 
most prevalent pine-hardwood type (6.1 million 
acres). These mixtures occur throughout much of 
the South and extend into the North. The most sig- 
nificant concent rations exist from Arkansas, eastern 
Texas, eastward through Mississippi and Alabama, 
and then noeheastward through the Piedmont 
Plateau of the Southeast (McWilliams and others 
1986). The type is also common in Missouri, Ten- 
nessee, Kentucky, West Virginia, and New Jersey. 

(5) Virginia pine-hardwood. This type occupies 
some 2.7 million acres. It is not found in the ex- 
treme southern portion of the South, but occurs 
with high frequency in North Carolina, Virginia, Ten- 
nessee, West Virginia, and Kentucky. 

(6) Eastern redcedar-hardwood. This mixture, total- 
ing some 1.6 million acres, is the major non-pine as- 
sociation included in the pine-hardwood group. 
Redcedar-hardwood stands are especially 
prominent in Tennessee, Kentucky, and Missouri. 
They are less prominent but common over a much 
wider area. 

(7) White pine-hardwood. White pine-hardwood 
mixtures are the most prevalent pine-hardwood 
type in the North. The type occurs with regularity in 
the Appalachian Mountains as far south as northern 
Georgia. Eastern hemlock is included in this as- 
sociation. 

(8) Other pine- hardwood. This group includes all 
other pine species that occur in association with 
hardwoods. Pond, pitch, and Table Mountain pines 
are the major pine species comprising this group. 

The majority of the pine-hardwood resource is con- 
trolled by nonindustrial private landowners, as are 
most forest ecosystems in the Eastern United States 
(U.S. Department of Agriculture 1988a). These land- 
owners control 69 percent of the pine-hardwood 
resource (table 3)--66 percent in the South and 84 
percent in the North. More than 1 1 percent of pine- 
hardwood stands are on public land, whereas 20 
percent, or 6.3 million acres, are controlled by 
forest industry. 

Across all ownerships and regions, significant por- 
tions of the pine-hardwood resource are found in 
each of three stand-size classes--sap1 ing-seedling, 
poletimber, and sawtimber (figure 4). A fourth 
category, nonstocked, includes stands so poorly 
stocked that a stand-size classification is not mean- 
ingful. Excluding these nonstocked stands, 43 per- 
cent of the pine-hardwood stands are dominated by 
sawtimber-size trees, 28 percent have a 
predominance of poletimber-size trees, and 29 per- 
cent are primarily stocked with trees in the sapling- 

Million acres 
14 1 

" 
Sapling-Seedling Poletimber Sawtimber Nonstocked 

Stand-size class 

Figure 4.--Area of pine-hardwood forest type in the 
Eastern United States, by stand-size class and 
reg ion. 



Tab le  3.--Area o f  pine-hardwood s tands i n  t h e  Eas te rn  U n i t e d  S ta tes ,  b y  s tand  
s i z e ,  s tand  o r i g i n ,  and ownership c l a s s  

Stand s i z e  A l l  F o r e s t  Other  
P u b l i c  and o r i g i n  ownerships i n d u s t r y  p r i v a t e  

M i l l i o n  acres 

Sap l ing-seed l ing :  
P l a n t e d  2.5 
N a t u r a l  

T o t  a 1  

Po le t imber :  
P l a n t e d  
N a t u r a l  

T o t a l  

Sawtimber: 
P lan ted  
N a t u r a l  

T o t a l  

Nonstocked ( n a t u r a l )  0.3 0 0 .1  0.2 

A l l  s i zes :  
P l a n t e d  
N a t u r a l  

T o t  a1  3 1 2  3.5 6.3 21.4 

seedling size group (less than 5.0 inches d. b. h.). 
Concentration in the sawtimber group is evident in 
both major regions. Sapling-seedling stands are 
more common in the South than the North, reflect- 
ing the higher rates of timber harvest in the South. 
New stands of pine and hardwood often develop 
after timber harvests. 

Almost 11 percent of all pine-hardwood stands, or 
3.4 million acres, are planted (table 3). In these 
stands, the pine component has been planted but 
the hardwood stocking exceeds that of the pine. 
Planting efforts contribute 28 percent of the current 
sapling-seedl ing stands, but are relatively minor 
component of the more mature stands. Planted 
sapling-seedling stands are concentrated on forest 
industry land; nearly three-fifths of these young 
pine-hardwood stands on forest industry are 
planted. Sawtimber stands dominate the pine- 
hardwood resource on public and other private 
ownerships, whereas sapling-seedling stands 
dominate the type on forest industry land. 

Pine-hardwood stands are found mainly on sites 
with average or better productive potential (figure 
5). FIA measures of site quality are based on poten- 
tial yields in cubic feet per acre of mean annual 
growth at the culmination of increment in fully stock- 
ed natural stands. Average sites (50-84 cubic feet 

per acre per year) make up 39 percent of the pine- 
hardwood acreage. Poor sites (20-49 cubic feet 
per year) account for only 13 percent, and good 
sites (more than 85 cubic feet per acre per year) 
make up the remaining 48 percent. 

These potential yields usually are not realized 
across large areas like entire States. This observa- 
tion appears to be especially true for pine- 
hardwood stands. Throughout the five 

Million acres 

- 
20-49 50-84 85-1161 120* 
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Figure 5.--Area of pine-hardwood forest type in the 
Eastern United States, by productivity class. 



Southeastern States, net annual growth in pine- 
hardwood stands currently averages only 50 cubic 
feet per acre. Pine ecosystems tend to be more 
productive, averaging more than 70 cubic feet per 
acre annually. Part of the reason for low produc- 
tivity of pine-hardwood stands is that conditions are 
less than desirable in these stands. Partial harvests 
(otten high-grading) created many of the pine- 
hardwood stands that now exist. The cutting often 
left a poorly stocked residual stand that hampers 
the establishment and vigorous development of 
reproduction. Common treatment needs are dis- 
played in figure 6. About 18 percent of all pine- 
hardwood stands in the East are so poorly stocked 
that a manageable stand does not exist. A new 
stand should be established through an appropriate 
stand regeneration method. Another 19 percent 
need intermediate treatments such as release cut- 
tings to permit crop trees to develop unhampered 
by older residuals and culls. 

INVENTORY VOLUME 
The 31 '2 million acres classed as pine-hardwood 
contain 33.7 billion cubic feet of growing stock 
(table 4). About 55 percent of this standing inven- 
tory is softwood and 45 percent is hardwood. This 
total inventory is equivalent to 1,080 cubic feet per 
acre. Consistent with the acreage distribution, 
about 55 percent sf the volume is in the South. 

The amount pine-hardwood stands contribute to 
total inventory volumes varies by region. Pine- 
hardwood stands contain 16 percent of the South's 

Harvest 
- 2  

None 
54% 

Figure 6.--Percentage distribution of pine- hardwood 
acreage in the Eastern United States, by treatment 
opportunity. 

softwood inventory and 10 percent of the 
hardwood. In the North, these proportions stand at 
4 percent for softwood and only 2 percent for 
hardwood. Under a more encompassing definition 
of pine-hardwood type, the contributions of these 
stands to regional invent~fy totals would increase. 

Pine-hardwood stands are diverse in species corn- 
position. A complete listing of species is too long 
for this discussion, but major species and species 
groups are listed, along with associated inventory 
volumes for the two major regions (table 5) .  In the 
North, white pine is the dominant softwood in pine- 
hardwood stands with 0.9 billion cubic feet of 

Tab le  4.--volume o f  growing s t o c k  on  t imbe r l and  i n  t h e  Eas te rn  U n i t e d  S ta tes ,  
b y  reg ion ,  spec ies group, and s tand  t ype  

Region and A l l  Pine-hardwood Other 
spec ies group types t y p e  types 

B i l l i o n  c u b i c  f e e t  

N o r t h  : 
Softwood 
Hardwood 

T o t a l  

South: 
Softwood 
Hardwood 

T o t a l  

Eastern U n i t e d  S ta tes :  
Softwood 151.7 18.6 133.1 
Hardwood 273.8 15.1 258.7 

T o t a l  425 5 33.7 391 . 8 



Tab le  5.--Volume of growing s tock  i n  pine-hardwood s tands i n  t h e  Eas te rn  
U n i t e d  S ta tes ,  by spec ies and r e g i o n  

Species T o t a l  N o r t h  South 

B i l l i o n  c u b i c  f e e t  

Softwood : 
Long lea f -s lash  p i n e  1.8 0 1.8 
L o b l o l l y - s h o r t l e a f  p i n e  12.5 0.4 12.1 
Other  y e l l o w  p i n e  2.0 0.4 1.6 
Whi te- red p i n e  1.3 0 3  0.4 
Other  sof twood 1.0 0.4 0.6 

T o t a l  18.6 2.1 16.5 

Hardwood : 
S e l e c t  oak 3.0 1.0 2.0 
Other  oak 5 0  0.5 4 5 
H i cko ry  1.0 0.3 0.7 
S o f t  maple 0.8 0.3 0.5 
Swee t g u m  2 .1  0 .1  2.0 
Tupelo-blackgum 0.7 0 0 7 
Yel low-poplar  1.1 0 .1  1.0 
Other  hardwood 1.4 0.5 0.9 

T o t a l  15.1 2.8 12.3 

A l l  spec ies 33.7 4. 9 28.8 

volume, or 44 percent of all softwood inventory in in the North. Soft maples (primarily red maple) are 
these stands. The remainder is equally divided be- the most common soft textured hardwood species. 
tween the loblolly-shortleaf group, other yellow 
pines (primarily Virginia and pitch pine), and a 
group of other softwoods (primarily eastern red- 
cedar, hemlock, spruce, and fir). In the South, the 
loblolly-shortleaf group accounts for nearly three- 
fourths of the softwood total. 

Oak species tend to dominate the hardwood com- 
ponent of the pine-hardwood resource throughout 
the Eastern United States. In the South, "other oak 
species" account for 4.5 billion cubic feet, or 37 per- 
cent of the hardwood total. This group includes 
laurel, witlow, water, southern red, scarlet, chestnut 
oak, and numerous less common oak species. 
Select oaks, primarily white oak and northern red 
oak, account for 2.0 billion cubic feet, or 16 percent 
of the hardwood total in the South. Significant 
volumes of sweetgum, blackgum/tupelo, and yellow- 
poplar also exist in pine-hardwood stands in the 
South. 

In the North, hardwood volume includes a noticeab- 
ly higher proportion of select oaks. Select oaks ac- 
count for 36 percent of the hardwood inventory in 
pine-hardwood stands in this region. The sweet- 
gumiblackgum/yellow-poplar component is minor 

In the South, the softwood component in pine- 
hardwood stands tends to be larger than the 
hardwoods (figure 7a). A higher proportion of the 
softwood volume exists in the 12-inch and larger 
d. b. h. classes than does the hardwood component. 
Hardwoods are more concentrated in the 6-, 8-, 
and 1 0-inch diameter classes. Softwood and 
hardwood distributions across all forest types in the 
South show just the opposite picture (figure 7b). 
Generally, the softwoods are smaller than the 
hardwoods. The concentration of hardwoods in the 
smaller diameter classes reflects the manner in 
which many of the current pine-hardwood stands 
were created. Partial harvesting in pine stands 
during previous decades has promoted the growth 
and development of understory and midstory 
hardwoods. Even though the hardwood com- 
ponent of these disturbed stands has thrived, the 
stems are smaller than those of most residual pines. 
From a timber supply standpoint, the larger pines 
in pine-hardwood stands will become a more and 
more attractive source of large diameter sawtim ber 
as pine plantations account for more of regional 
pine inventories (US. Department of Agriculture 
1 988 b) . 
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Figure ?.--Percentage distribution of growing-stock 
volume in the South, by species group and d.b.h. 
class. 

FUTURE DIRECTIONS 
What changes in the pine-hardwood resource can 
be expected in the future? Will there be more 
mixed conditions or fewer? Will mixed stands be 
older or younger? Will they contain high-quality tim- 
ber needed to help meet future demands? We do 
not have a crystal ball to provide the answers. We 
can, however, develop likely scenarios from what 
we know about the present resource, how it came 
into existence, and how it has been changing. 

During the past two decades, acreage of pine- 
hardwood forest type in the Eastern United States 
has declined by 1 1 percent, dropping from 35 mil- 
lion acres in 1990 to the present 31 million acres 
(figure 8). In the Noflh, acreage has remained at a 
constant 4 million acres, All of the decline has oc- 
curred in the South, especially in the latest decade. 

Southern pine plantation acreage has increased 
during the past two decades, while the extent of 
both natural pine and pine-hardwood types has 
dropped (US. Department of Agriculture 1988b). 
Losses to nonforest land uses also have been a 
major contributing factor in these reductions. 

A recent regional and national assessment of forest 
resources provided projections of timberland area 
for each of the major forest types3 (U.S. Depattment 
of Agriculture 1 988 b) . These project ions suggest 
that the recent trends in pine-hardwood acreage in 
the Eastern United States will continue, at least for 
the near future. By the year 2000, pine-hardwood 
acreage is projected to drop another 4 million 
acres, with the bulk of the loss occurring in the 
South. Much of the reduction is projected for forest 
industry land. Thereafter, small declines are 
projected to 2040. 

Driving Forces 

The model used to estimate prospective change in 
area by forest type is based on a wealth of 
economic inputs, plus data on stand treatment and 
disturbance rates (Alig 1984). The rates of treat- 
ment by type are linked to probabilities that the 
treated stands will shift to another type or remain in 
the original type. Treatment and disturbance data, 
and resulting shift rates, were developed from FIA 
broad-scale inventory data. The repetitive nature of 
these forest inventories makes them a unique data 
source to quantify regional change in forest types. 
These inventories also help identify treatments and 
disturbances that play major roles in creating and 
diverting pine-hardwood stands. We should ex- 
amine these forces since they will probably shape 
tomorrow's pine-hardwood resource unless we alter 
and control them in a positive manner. 

Three major forces tend to create pine-hardwood 
stands: (1) partial harvests, (2) stand establishment 
or regeneration, and (3) successional change or 
stand development. Partial harvests include a num- 
ber of kinds of timber cuttings, but all too often the 
cutting is best described as hig h-grading. Partial 
harvests in pine stands create an instant pine- 
hardwood type when the softwood stocking is 
reduced below that of the hardwood component. 
After more complete harvests, the regeneration that 
develops, or is planted, often results in a mixed con- 
dition. Natural regeneration on former pine sites 
results in a pine-hardwood condition more often 
than after planting. The third factor, natural succes- 
sion, reflects the natural course of stand develop- 
ment. In established pine stands, natural 

3 ~ l i g ,  Ralph J.; Murray, Brian; Hohenstein, William [and 
others]. Changes in timberland area in the United States 
by state and ownership, 1952-1987, with projections to 
2040. Gen. Tech. Rep, WO- . Washington, DC: U S .  
Department of Agriculture, Forest Service (in process). 
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Figure 8.--Area of pine-hardwood forest type in the 
Eastern United States, by region, 1970-89. 

succession moves stands from pine to hardwood. 
As pine stands mature, the hardwood component 
assumes greater dominance and a pine-hardwood 
type eventually results. In very young stands with 
less than 25 percent pine, succession can favor the 
pines and move stands from a hardwood to a pine- 
hardwood type. 

Three major factors divert acres from pine- 
hardwood: (1) stand harvests, (2) successional 
change or stand development, and (3) timberland 
clearing. When a pine-hardwood stand is complete- 
l y or partially harvested, conversion to another type 
usual1 y results. Sometimes the conversion is 
planned, such as when a pine plantation is estab- 
lished after a harvest. In many cases, however, the 
natural course of events is accepted. Successional 
change or stand development also plays an impor- 
tant role in losses of pine-hardwood in both young 
and older stands. In the more mature pine- 
hardwood stands, the successional forces continue 
until the hardwood stocking is high enough to move 

the stand to a hardwood type. In young stands, 
changes can occur more rapidly. Newly estab- 
lished stands often begin as pine-hardwood mix- 
tures. As these young stands develop, the pines 
often assume dominance and the stand takes on a 
pine type. Such changes during the early years of' 
stand development are more common in planted 
mixed stands than in natural mixed stands4. The 
clearing of pine-hardwood stands is also an ob- 
vious and major factor in losses of mixed acreage. 

Obviously, human activity and naturai Forces cause 
both gains and losses to the pins-hardwood 
resource over time. Figure 9 shows the net: effect of 
final harvest, partial harvest, and '"0 cu8iatgi"on the 
annual change in pine-hardwood acreage in the 
South. The "no cming'kategory inc!udes all areas 
where no activity was recorded plus all forms of 
minor human adivity and natural changes. The net 
eBect of timber cming (final and parlial harvests) is 
to maintain the base acreage in pine-hardwmd 
stands--annual additions to pine-hardwood offset 

48ata on fils at the S~uthclastern Forest hperiment Station, 
Forest Inventory and Analysis, 
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Figure 9.--Annual gains and losses of pine- 
hardwood acreage in the South, by type of treat- 
ment. Data developed from all States in the South 
except Tennessee. Most recent remeasurement 
period used--length ranges from 8 to 10 years. 

annual diversions to other types. Additions that CONCLUSIONS 
result from timber cutting come largely from natural Three conclusions about the pine-hardwood 
pine stands. On the loss side, harvested pine- resource can be drawn: 
hardwood stands usually shift to hardwood types. 
Almost 28 percent of pine-hardwood stands moving 
to another type after a final harvest were converted 
to pine plantations. The "no cutting" category ac- 
counts for higher annual gains and losses; the net 
result is a 173,000 acre loss of pine-hardwood type 
annually. A surprisingly high proportion of the 
gains to pine-hardwood in this group were formerly 
hardwood types, suggesting that young hardwood 
stands often develop into mixed stands. For losses, 
most pine-hardwood stands that move to other 
types in the absence of cutting go to a pine designa- 
tion, either natural or planted. 

Regionally, pine-hardwood mixtures can be viewed 
as dynamic and transitory. With time, stands move 
into and out of the pine-hardwood classification 
very easily and often. In part, the high rate of 
change for this resource can be attributed to the 
range of softwood stocking used in defining it. The 
real driving force, however, is the human activity 
that has altered and speeded the natural tendency 
of these stands to change. 

(1) Recent changes in the resource and the factors 
causing these changes suggest further short-term 
reductions in pine-hardwood acreage in the South. 
Two major factors influencing the prospective drop 
include continued favoring of pine plantations over 
natural stands and the clearing of pine-hardwood 
stands for nonforest uses. Mixed stands of pine 
and hardwood will continue to be a major com- 
ponent of forests in the Eastern United States be- 
cause human activities and nature create mixed 
stands. 

(2) The pine-hardwood resource will probably be- 
come younger. High harvest rates in the South will 
continue to create mixed sapling-seedling stands. 

Younger stands could result in a pine-hardwood 
resource that is even more transitory than in the 
past. 

(3) The quality of tomorrow's pine-hardwood 
resource will be determined by the collective ac- 
tions of all of us. The resource we have today has 
been shaped profoundly by human intervention 
and activities. Some human influences have been 
positive, but all too often pine-hardwood stands are 
the product of poor pine management. The quality 
of tomorrow's resource is something we all have the 
opportunity to impact in a positive way. The grow- 
ing awareness that pine-hardwood stands can be 
managed to maximize the benefits they offer is an 
encouraging step in that direction. 
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ARE OUR TRADITIONAL ATTITUDES RESTRICTING 
FORESTRY MANAGEMENT OPTIONS? 

Robert J. ~entz, '  Daniel H. ~irns, '  and Peter J. lnce3 

. - f nvironmental influences and marketiprocessing trends are changing the 
future of forestry in the South. Forest management options must be broadened beyond 
the current mindset to achieve future environmental and economic goals. 
Pineihardwood mixtures on appropriate sites is a positive response to future tiends. 

INTRODUCTION 
Is it reasonable to grow, harvest, and regenerate 
pine and hardwoods in mixtures? For centuries, 
trees have grown this way without any manage- 
ment. The question is, "Can these mixtures be 
managed to meet the challenging environmental 
and economic needs of tomorrow's markets and 
society?" 

Will foresters have time to study, debate, and test 
options or wili the pineihardwood mixtures or other 
systems be forced upon us without solid research? 
The answer isn't clear but let's explore some pos- 
sibilities facing us today and tomorrow. Two major 
trends are shaping this management scheme: en- 
vironmental influences and changing 
mar kets/processes. 

ENVIRONMENTAL INFLUENCES 
Southern forest managers' attention is being slightly 
diverted to address foreign or less popular con- 
cerns such as biological diversity, uneven-aged 
management and pine/hardwood mixtures. Public 
attitudes and special interests are raising this aware- 
ness. Some examples are public land pressures, 
environmental organization influx, hunting leases, 
nongame wildlife uses, landowner objectives and 
public opinion. 

PUBLIC LAND PRESSURES 
Environmental concerns dominated the national 
forest land management planning efforts in the 
South. In January 1988, 95 percent of the active is- 
sues under negotiation involved environmental is- 
sues. Interest was keen on the impact of timber 
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management on wildlife (about 50 percent). Many 
of these interests prefer eliminating intensive planta- 
tion management. They would increase the 
hardwood component to avoid a perceived pine 
monoculture. Comments imply a reduced harvest 
on public lands, with the private lands to pick up 
the shift in supply. 

HUNTING LEASES AND WILDLIFE INTEREST. 
Hunting leases are increasing on private lands in 
the South (1 981). Smith reports that 26 percent of 
all nonindustrial private forest lands are leased to 
hunting clubs or require a fee to hunt. Similarly, 29 
percent of industry lands are leased. Those percent- 
ages increased to 33 percent by 1985, as land- 
owners gained higher fees and achieved other 
benefits such as road maintenance from such con- 
tracts (Marion and others, 1988). 

Hunting rates can run $90 per day for deer hunting 
or $400 per day for quail. Best habitat, with high 
numbers of animals and demand near populated 
areas yield higher prices. Leases are expected to 
increase for hunting and nonconsumptive uses 
such as birdwatching, camping, and hiking. 
Hardwoods can enhance habitat diversity for both 
game and nongame species, and potentially yield 
higher lease fees. 

NONGAME WlLDLlF E USES 
Birdwatching is another factor shaping public 
opinion. In 1987, Americans spent $1 . l  billion on 
bird feed, according to Harmon (1 988). In 1985, 
82.5 million people--slightly more than one-t hird of 
our population fed birds. They spent $239 million 
on feeders, nest boxes and birdbaths. Nearly $375 
million went for binoculars and spotting scopes. 
The trend for this activity is dramatically upward. 
Let these people (many urbanites) "perceive" that 
forest management has done anything to adversely 
affect their feathered friends and watch what hap- 
pens! 



LANDOWNER OBJECTIVES 
Landowner studies show that timber for profit is not 
the only motivator for landowners. Royer (1987) 
asked landowners to rate several factors on a scale 
of 1 -1 0 (1 0 = high) Forty-nine percent rated 7 i- 
for timber growing as a source of income. Similar- 
ly, 44 percent rated 7 + for recreational opportunity 
and hunting. 

Fecso and others (1982) asked landowners who har- 
vested timber, "Why do you own the land?'' The 
results were: growing wood for sale (78 percent), 
recreation and hunting (30 percent), esthetics (1 9 
percent), inherited the land (51 percent), and plan 
to pass land on to heirs (53 percent). Over one-half 
of the owners inherited the land and plan to pass it 
on to their heirs. 

Haymond (1988) surveyed NIPF opinion leaders to 
determine the primary source of satisfaction in 
owning forest land in South Carolina. The primary 
reasons included pride of ownership and personal 
satisfaction, stewardship, best land use and conser- 
vation, privacy, recreation, pleasure and family. 
Lifestyle enhancement was primary to 52 percent of 
the respondents. Forty-eight percent chose 
economics and timber as the primary reason. 

These studies show a preference for land 
stewardship, hunting, wildlife, and esthetics, as well 
as timber, in NIPF forest management options. 
These are the landowners who control 72 percent of 
our forest land base in the South. Pine/hardwoods 
in mixtures could enhance these values. Are we 
giving them that option on appropriate sites? 

PUBLIC OPINION 
An industry public opinion survey by the American 
Forest Institute (1 986) and southern forestry as- 
sociat ions surfaces conflicting messages. Sixty- 
seven percent agree that industry does a good job 
of conserving natural resources. Seventy one per- 
cent agree that industry grows and harvests trees in 
ways that are environmentally sound. Yet, only 29 
percent agree that owners of forest land can be 
trusted to protect the beauty of forest lands and the 
quality of the environment without regulation. 

ENVIRONMENTAL INFLUENCES SUMMARY 
Environmental concerns are increasing in impor- 
tance to land managers, private landowners, or- 
ganized groups and the general public. Wildlife, 
esthetics and stewardship are key public and land- 
owner concerns. These concerns can be turned 
into assets through increased diversity. 

Environmental pressure is currently directed to 
public lands, but private land challenges are not far 
behind. We walk a fine line of public support. 

Forest managers must improve the balance be- 
tween environmental quality and economic develop- 
ment or the public will call our hand and make 
changes we don't need or want. 

Much of our research. education and day-to-day 
operations emphasize maximum wood production 
(generally pine production). While we try to grow 
every cubic foot or ton of wcod we can out of the 
landscape, landowners are saying stewardship and 
other resource values are equally or more impor- 
tant. Are our attitudes blinding us to other forest 
management options? 

CHANGING MARKETS AND PROCESSES 
Change in wood products and markets is the 
second major influence affecting pinei hardwood 
management options. Improved processing and 
wood for energy, and resultant hardwood stumpage 
prices will have the greatest impact on 
pine/hardwood use in the South. 

IMPROVED PROCESSING 
In the pulp and paper industry, improved pressing 
technology, including wide nip and high impact 
presszs, are being installed. Many milis in the 
South have installed this processing improvement 
since 1980. The result is that some kraft linerboard 
mills have been able to shift from less than 10 per- 
cent hardwood to 30 percent or more hardwood in 
fiber furnish. 

Press drying or impulse drying in the future means 
even more hardwood in linerboard and newsprint. 
The press-dried paperma king process developed 
by USDA1s Forest Products Laboratory can use up 
to 100 percent hardwoods to produce linerboard 
with improved strength. Here is a process using 
hardwoods, when compared to existing technology, 
can save on capital costs, energy, raw materials (by 
using hardwoods with lower current stumpage 
value) and at the same time increase yields from 
raw materials and reduce effluent (Ince 1983). 

The rising demand for other paper and board 
products will involve the use of higher percentages 
of hardwoods. Substantial increases in demand 
are expected for printing and writing paper, tissue, 
and semichemical board (Ince and others, "1987 j. 

See figures 1, 2, 3, 4 and 5. Greater demand for 
these products means more use of hardwood since 
hardwoods are already heavily used in these 
materials. 

Based upon a consensus of pulp and paper in- 
dustry experts, the study projects major trends that. 
will positively impact the use of hardwoods. For ex- 
ample: 



Figure I.-Praductlon of Prlntlng & Wrntlng Paper 
Trend & Brojsctlon, 1960-2640 

Figure 3.--Semichemical Board - Production 
South 

Figures 2.--Printing & Writing Paper 
Hardwood Use in the South 

9 1 .More hardwood fiber will be used in printing 
and writing paper, as demand is expected to 
rise substantially. 

e 2 .  More use of short-fiber furnish in linerboard: 
New product market demands for stronger 
boxes with compression strength and prin- 
tability is achievable with more hardwood fiber. 

1980 1990 2000 2010 2020 2030 2040 

Yea: 

FIgurs 4.-Production of TIssus 
Trend and Projection, 1960.2040 

Better sheet additives, particularly strength-irn- 
proving additives, and improved pressing tech- 
nology, translates into general prospects for 
more use of hardwoods in kraft linerboard. 

03.Further replacement of groundwood pulp by 
modern mechanical pulping methods such as 
thermomechanical  and chemithermo- 
mechanical pulping is anticipated. 



Figure 5.--Southern Pulpwood Prices 
Proj., 1987-2035 Sfwd. & Hdwd. 

a- Hardwoods 

--+- Softwoods 

Other research is underway to shape and mold 
paper and wood fiber. This opens the door for a 
whole new generation of wood products. An ex- 
ample is Temple Inland, Inc., moulded microwave 
dishes. The Forest Products Laboratory is ex- 
perimenting with a new molded fiber product called 
spaceboard. 

WOOD FOR ENERGY 
Each day we hear of new mills being constructed to 
produce oriented strand board or flakeboard, which 
use a component of hardwoods. In addition, 
markets for quality hardwoods seems unlimited. 
Together, these processes and markets add up to 
increased use of hardwoods. 

Wood for energy has potential. Technology for 
wood combustion and feeder systems is on the 
shelf and could easily be adopted if fossil fuel prices 
rise slightly. Any interruption of our oil imports, 
(which have gradually increased) will cause 
shortages, increased prices, and the use of more 
wood for fuel. Even with a lagging wood-energy 
market, more wood is consumed as fuel in the 
United States today than for all other uses com- 
bined. 

HARDWOOD STUMPAGE 
Pulp and paper processing along the southern 
coasts has shifted from mostly pine to a higher per- 
centage of hardwoods, some as much as 80 per- 
cent hardwood. Two reasons for this are cheaper 
stumpage price for hardwoods and an increasing 
market for high quality white paper (printing and 
writing paper). lndustry is adjusting their machines 
to accommodate hardwoods rather than adjusting 
the iandscape to pine. Some localized shortages of 
hardwoods have occurred and have brought 
hardwood pulpwood stumpage prices within $2 of, 
or even exceeded, pine prices. 

The question behind most management options is, 
"How can the forest or landowner achieve the 
greatest benefit in the future?" This is usually 
judged by foresters to mean maximum timber 
values. The timber prices are measured by current 
and projected timber prices. These prices project a 
pine increase of 4 percent per year while hardwood 
stumpage remain static or a smaller increase than 
pine. Yet, with trends before us, hardwood prices 
are expected to increase at a faster rate than the 
price of pine. Accordingly, a leveling eFfect is 
forecast by 2010 (figure 5 ) .  Perhaps we need to 
rethink our economics and the advice given based 
upon past assumptions. This trend of increased 
hardwood use with resultant higher hardwood 
prices is expected to continue through 2035 when 
hardwood prices could exceed those for pine 
pulpwood. 

MARKET INFLUENCE SUMMARY 
These marketing and processing trends strong1 y 
suggest that industries and landowners will diversify 
their markets. Industry will diversify their raw 
materials and product mix as landowners diversify 
their management and production of raw materials. 
The increased use of hardwoods and a gradual 
leveling trend between pine and hardwood 
stumpage prices will stimulate this diversification, 
as well as economic development. Are our 
southern pine attitudes restricting forest manage- 
ment options? 

3-8 TEST 
Based upon the trends we just discussed, it ap- 
pears that every option for a pine/hardwsod mix- 
ture site should be given the "3-B Teest." This 
3-dimensional test will review the management op- 
tions for future environmental 

Environmental is a test For a variety of 
plants and ani g and growing together to 
satisfy wildlife, esthetics and stewardship concerns. 
Market product "iests the raw 
materials produced against current and future 



markets, keeping an eye on new products and 
processes looming on the horizon. 

Overall economic tests for jobs, in- 
come and new business stimulated through forest 
management options. Major options are not just for 
timber, but also for hunting, bird-watching and 
other primary and secondary spinoffs from future 
forests. 

Pineihardwood mixtures on appropriate sites 
should certainly be a viable option against these 
tests. The test would also have to be within the 
framework of the landowners' objectives. 

This 3-0 Test will show that all our pine decisions in 
the past are not bad and that softwood manage- 
ment is not on the way out. Our past decisions 
have sewed us well. Basically, our southern pine at- 
titudes are not bad, but perhaps they need some 
fine tuning. The questions we must ask is: "Will 
today's decisions serve us well in the future?" Are 
we ready ts  risk opening new frontiers in pins 
hardwood management that are less costly, work 
with nature to provide many environmental spinoffs 
yet potentially produce a little less wood. 

UNLOCK OUR MINDS 
How do we change thinking to broaden forest 
management options? First, reach landowners 

I before the timber harvest decision is made. Then 
you should have options available. 

Second, seek landowner objectives and don't listen 
selectively for a pine option or maximum timber 
production option. This means top level officials in 
your organization must have more than maximum 
timber profit on their agenda. The pine/hardwood 
option could mean a higher rate of return because 
of lower front-end costs and other resource 
economic benefits. 

Third, remember the 3-D test--options for increased 
ecological diversity, product diversification, and 
overall economic development. Where it blends 
with landowner objectives and site conditions, try 
options other than pure pine. 

Other thoughts are: 

-Consider the hardwood component first because 
it will usually be regenerated naturally. Then con- 
sider supplemental planting or natural regeneration 
with pine. 

-On regeneration cuts get total utilization to 
reduce regeneration costs and eliminate highgrad- 
ing once and for all. 

-Stimulate new or change existing incentives, 
programs, pilot projects and demonstrations to en- 
hance pine/hardwsod miaures on proper sites. 

-Accelerate research and technology transfer that 
improves our knowledge and management of 
pineihardwood mixtures and creates new proces- 
ses and markets for pineihardwood use. 

So now we stand on the threshold of continuing 
down the primarily pine management path or ex- 
ploring a new opportunity on appropriate sites and 
managing for pineihardwood mixtures. Will our 
traditional pine attitudes restrict forest management 
options? The answer is up to you. 
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EVOLUTION OF FOREST TYPES IN THE SOUTHEAST 

-Two separate factors are invoived rn triack~ng the evolution of forest types rn the 
Southeast - 1 )  the e\iolution of the species that comprise them and 2] t he  debeispment of the forest 
assoc~atrons that we ~dentify as cover types Oi the two taxoqornic that camprise 
Southeastern forests (gymnosperms and angiosperms) the gymnosperms are the more primitive 
datrng from the Palsozolc era (over 300 mlliions years ago) wh4e I b s  angiosperms date to the 
Ea~iy Ctetaeesus Period (120 rn~ilton years ago) ir; both grotips most of t he  species found in 
Southeastern forests today evolved during the Cenozoic Era the last 65 mrl'ion years) The 
present forest associattons (forest types: found in the sodtbeast developed since the last ice age 
largely during the Holocene Epoch (last 10,000 years) and they are stir/ changing Afitkroptagen~c 
influences were and st111 are important vectors In drrecrlng these char4ges 

INTRODUCTION 
Among the more intriguing puzzles that scientific in- 
quiry deals with is the question of how the "here 
and now' came to be. When the subject in question 
is the forest cover types of a region, ferreting out 
their origin and the evolutionary road to the present 
is of more than academic interest. 

Understanding these pathways and the vectors that 
drove the processes should be the base on which 
sound forest management strategies are developed. 
The numerous environmental groups who are today 
insisting that forest managers return our forests to 
their '"original" condition is further stimulus for gain- 
ing this understanding. 

Once the evolution of the present forest cover of a 
region is tracked, the opportunities for keeping it in 
(returning it to) its "original" condition can be 
evaluated. Apparent in this process will be the 
recognition that forests are dynamic - they are and 
always have been changing through time, a fact 
that man's short life span often conceals. 

The present forest types of Southeastern U.S. are 
composed of members of two taxonomic groups - 
gymnosperms (conifers) and angiosperms 
(hardwoods), mixtures of which are the primary 
focus of this symposium. The silvical characteristics 
sf the species that are broadly distributed over the 
Southeast (pines and hardwoods) are such that 
pines usually become established in pure stands fol- 
lowing major disturbances (pioneer species) white 
most hardwoods are later successional species that 
became established in various miMures. The pine- 
hardwood mixture is characteristically a mid-%era/ 
stage that is ephemeral on a given site. It is main- 
tained in a changing landscape mosaic where scar- 
tered disturbances re-initiate succession in a 
stochastic manner. 

' ~rofesssr ,  Department of Forestry, Wildlife & F~sher~es 
Unrversrty of Tennessee, Knoxv~lle, TN 37901 -1 071 

Two separate fadors are involved in gaining an un- 
derstanding of the origin sf these associations. First 
is the evolution of the species that comprise the 
forests, and second is "re ddevc?lhapmenr of the forest 
associations that are identified as cover types. 
These developments were largely independent of 
each ohher with most of the existing species having 
evolved earlier in the present geologic era 
(Cenozoic) while the present forest associations are 
more near1 y "current events. ' 

SPECIES EVOLUT193N 
Understanding the evsiutionary pathways to the 
species comprising the present forest types of the 
Southeast poses a basic question - where do we 
begin? Assuming that the usual answer "in the 
beginning" is wprepriate, scientists today are in 
general agreement that the seQing for the evstution- 
ary processes on Eafl-lch came into being some 4.6 
billion years ago (table 1 ) .  As early as 3.8 billion 
years ago fossil evidence confirms that primitive 
marine piants had evsived: bl @-green algae, bae- 
teria, fungus-like organisms and green algae, or 
Chlesrophyla, the probable precursors ts the 
Tracheopkyqes, the vascular plants that 'clot he" 
much of the land area of the Each today (Cooper 
and others 1986). 

More than 3 4 billion years was required for these 
original primitive life-forms to evolve into the vas- 
cular pfanis that could sui-dive on the drier upland 
regions 0%: the Earth, During t he  Silurian Period both 
plan& and animals moved from marine Po terrestrial 
environments By late Devonian vascular, seed-bear- 
ing plants had devei~ped,  including the gym- 
nosperms (Levin I 97%) 

During the Foliowing Mississippian and Pennsyl- 
vanian Periods (Carboniferous) broad areas of 
lowband forests (dominaNec8 by seed ferns) were 
buried under anaerobic csnditions lacking much sf 



Table 1. Geologic events  of s igni f igance  t o  the  evolut ion of f o r e s t  types 
i n  Southeastern U.S. 

Simple marine p lan t s  (blue-green a lgae ,  
PRECAMBRIAN TIME co lon ia l  b a c t e r i a ,  fungus-like p l a n t s  & 

green algae (=Chlorophyta).----------- 3,800 

' ~ i l l i o n  Years Before Present 

28 

Sign i f i can t  Geologic Events Time 
(MYBP) 1 

Development of man. 0.01 
Most recent  i c e  ages. 

2.5- 

Speciat ion with the  development 5 

of most of the  p l a n t  spec ies  23 

known today. 37 
55 

Epochs 

Holocene 
Ple is tocene  

Pliocene 
Miocene 
Oligocene 
Eocene 
Paleocene 

Eras 

C 
E 
N 
0 
Z 
0 
I 
C 

Periods 

Quaternary 

T e r t i a r y  

M 
E 
S 
0 
z 
0 
I 
C 

Extinct ion of dinosaurs.  65- 

Cretaceous Origin and rapid  development of 
the  ANGIOSPERMS along with i n s e c t s .  144- 

J u r a s s i c  Extinct ion of seed fe rns .  

208- 

T r i a s s i c  Origin of dinosaurs. 

245- 
Appalachian Revolution = U p l i f t  of SE & 

Permian formation of Appalachian Mountains. 

I Formation of Pangaea completed. 286- 

P 
A 
L 
E 
0 
Z 
0 
I 
C 

Pennsylvanian Vast f o r e s t s  ( l a r g e l y  sporophytes) .  
(Upper Carboniferous) 320- 

Major coal-forming swamps. 
Mississippian Origin of con i fe r s  ( inc luding GYMNOSPERMS). 
(Lower Carboniferous) 3 60---- 

Devonian Seed fe rns  ( f i r s t  seed-bearing p l a n t s ) .  
E a r l i e s t  f o r e s t s .  

408- 

S i l u r i a n  Development of vascular  p lan t s .  
E a r l i e s t  record of land p lan t s .  438- 

Ordovician 

505- 

Cambrian Non-vascular, marine p lan t  f o s s i l s  
(with reproductive s p o r e s ) .  

G7n- 



the atmospheric carbon (present as C02) into the 
extensive coal beds that are a primary energy 
source today. (Our current use of this stored energy 
is creating environmental probiems as this carbon 
is re-introduced into the atmosphere.) 

At the end of the Paleozoic Era (Permian Period) 
another geologic event of great significance to plant 
evolution in the Southeastern U.S. occurred - the 
Appalachian Revolution. This was the time when the 
Appalachian uplands were formed. Over the millen- 
nia these now old, deeply weathered uplands have 
been eroding, their sediments now form the broad, 
flat regions known as the Gulf and South Atlantic 
Coastal plains. Although the coastal regions have 
been alternately inundated and exposed during the 
several ice ages that have occurred since their for- 
mation, the higher uplands have been available for 
plant occupancy throughout the Mesozoic and 
Cenozoic eras - some 260 million years. 

During the middle of the Mesozoic Era (probably 
the Early Cretaceous Period - about 120 million 
years ago), angiosperms appeared in the 
landscape marking the next geologic event of sig- 
nifigance in the evolution of Southeastern forest 
cover types. Not only did these, the flowering 
plants, appear suddenly in the fossil record, they 
flourished. By the end of the Mesozoic Era they 
were the most abundant land plants. This rapid 
proliferation is generally attributed to the concurrent 
evolutionary burst in insects, which were the 
primary pollinating vectors for the early flowering 
plants (such as magnolias). Today in Southeastern 
North America angiosperms comprise 95 percent of 
all living, terrestrial plants numbering over 250,000 
species compared to only 675 gymnosperms, 525 
of which are conifers (Harlow and others 1979). 

During the millennia since their appearance, an- 
giosperms have vied with gymnosperms for 
dominance on the uplands of the Earth. While gym- 
nosperms first occupied good sites, the greater 
com petit ive ability of angiosperms has general1 y 
relegated gymnosperems to poorer, harsher sites. 
With only a few exceptions (e.g. Pacific coastal 
forests), they are now dominant only in boreal 
forests, on poor, xeric soils and following disturban- 
ces that remove the more aggressive angiosperms. 
Not only are the gymnosperms more restricted in 
distribution, their taxonomic diversity is greatly 
reduced from their "heyday" in the early Mesozoic 
Era. [The competitive positions of these two groups 
in today's landscapes are somewhat ironic as the 
gymnosperms are in much greater demand by in- 
dustry than are the angiosperms.] 

While the uplands of the Southeast were generally 
stable throughout the Mesozoic and Cenozoic Eras 
(in contrast to the general uplift and mountain build- 
ing in western North America that marked these 
eras), changing climates and sea level fluctuations 
in the Southeast forced plant migrations that 
resulted in continued speciation (Cooper and 
others 1986). Most of the species found in the 
Southeast today were present when the last series 
of events that significantly influenced the forest 
cover types of Southeast occurred - the Pleistocene 
glacial events. 

In the 2.5 million years since the Quaternary Period 
began there have been at least 20 major ice 
episodes with each glacialiinterglacial cycle typical- 
ly lasting 100,000 years. These advancing-retreating 
ice masses caused plant migrations that resulted in 
the extinction of over 50 percent of the pre-Pleis- 
tocene plant species found in Europe (Davis 1983). 
As a consequence of the essentially north-south 
orientation of the Appalachian Mountains migration 
corridors were open allowing plants to retreat 
before and advance after the various ice episodes 
(in contrast to the largely east-west orientation of 
mountains in Europe that forced plant extinctions 
rat her than allowing migration). The Wisconsinan 
Continental Glaciation, the last and largest ice 
episode of the Quaterrtary Period, peaked ap- 
proximately 18,000 years ago when the continental 
ice mass extended southward to approximately the 
present positions of the Missouri and Ohio rivers 
(Delcourt and Delcourt 1 987). 

At this time the zone just south of the glacial front 
was tundra as were the higher elevations of the 
Southern Appalachians (in contrast to the claims of 
Braun (1 950) who saw them as a refuge for many of 
the plants that migrated northward as the glaciers 
retreated). The Southeast was a refuge for boreal, 
temperate deciduous and southeast evergreen 
forests during this time (Delcourt and Delcourt 
1985). Northern pines, spruces, fir and larch com- 
prised the dominant forest cover as far south as the 
southern borders of Tennessee and North Carolina. 
Temperate deciduous and southeast evergreen 
species found refuge in the deeper South, pines 
and oak-hickory on the upper, dry sites, possibly as- 
sociated with fire regimes, while the mixed 
mesophytic species were on moister, more fertile 
bottomlands. 

Northward migrations occurred rapidly as the ice 
mass retreated. Present woody plant distributions 
were largely "in placei' by the beginning of the 
Holocene - some 10,000 years ago. Essentially con- 
comitant with this was the first evidence of human 
occupations in the region - approximately 1 2,000 



years ago (table 2). Thus "Man' (Horns 
was a part of the Southeastern environment during 
the time significant climatic changes \&ere driving 
major species migrations in the region. 

HUMAN IMPACTS ON FOREST EVOLUPlOH 
The extent of pre-Colurnbian human impacts on the 
landscapes of the Southeast has been largely sver- 
looked by both historians and ecologists 01: the 
many ways in which pre-historic man modified the 
forest, only through his use of fire &as his inftuence 
broad enough to srgnif~eantly affect the evolution of 
forest types. Fire has been used by mankind as a 
cultural tool for nearly 2 million years in Africa It 
was brought to America by the original settlers who 
crossed the land bridge (Beringla) that connected 
Alaska with Siberia during much of the Pleistocene. 
It wasiis a cultural tool that can quickly and easily 
modify large segments of the landscape, generally 
to the advantage of primitive human populations as 
it encouraged both the heiiophfles and herbivores 
that were primary food sources (Oakes 1939) 

The original human inhabitants sf the Southeast 
were the Paleo-Indians. Archeological evidence has 
established their presence in the region as early as 
12,000 years ago (Chapman i985j. At this time 
boreai and northern tree species were being dis- 
placed by southern taxa from that pofiisn of the 
Southeast north of 34' north latitude (approximately 
an east-west line through Atlanta, Georgia). The ear- 
liest of these inhabitants possibly contended with a 
periglacial climate (localized permafrost) as far 
south as an east-west line through Asheville, North 
Carolina (Keel 1 976). 

Paleo-Indians were largely hunter-gatherers whose 
use of fire to drive or trap large megafauna (large 
animals like buMalo and mastedon) is largely 
speculative. If, however, fire was used in this man- 
ner, subsistence needs would likely mean that fire 
was of frequent occurrence. Also, it is highly unlike- 
ly that their primitive tools enabled them "; contain 
their fires. Fuel loading and weather probably deter- 
mined their extent and intensity. 

During this cultural period very rapid species adjust- 
ments were occurring throug hout the Southeast in 
response to the rapid climate warming that followed 
the Wisconsinan glacial episode (Delcoufi and Del- 
e o u ~  1987) Jack pine ( L ) ,  cur- 
rently a native of Eastern Canada, was then 
widespread throughout Tennessee, the Carolinas 
and northern Georgia. By the end of the Paleo-in- 
dian period it was rapidly disappearing From the 
Southeast. Today jack pine has a highiy serotinous 
cone indicating that fire was a primary factor 
'fixing' this feature in its genetic makeup. 

The Archaic Period (8500 to 1000 B.C. or 10,500 to 
3000 Before Present (8.P.j) was a time of human 
population grovv"ih and concentration in villages. 

The stone hearlhs, pottery and middens found in ar- 
chaeological excavations indicate the evolution of a 
much more sophisticated lifestyle (Keel 1976). The 
widespread occurrence of sites of Archaic age 
throughout the Southeast and particularly in the 
Southern Appalachians suggest that these people 
were using the entire landscape, not just the fertile 
river bottsms (Keel 1976) They continued to be 
nomadic, however, which may account for the large 
number of sites identified. By the end of this period 
there are indications of a primative horticulture with 
squash and gourds as primary crops. Fire was the 
only feasible tool available to these people that 
could enable them to accomplish significant agricul- 
tural clearing. 

Archaeological findings from the Woodland Period 
(1000 B.C. to 880 A.D. or 3000 to 1200 B.P.) reflect 
the development of stronger agrarian societies with 
increased trade with other regions. Village sites 
were occupied throughout the year and, toward the 
end of this Period, the cultivation of corn ( 

was introduced from the Southwest. About 
this same time the development of the bow and 
arrow allowed for more efficient hunting. 

By this time the center of the oak populations had 
moved out of the deep South and were con- 
centrated in the central interior region, essentially 
their present positions. The southern yellow pines 
became the dominant species on uplands over 
much of the deep South, probably due to the ef- 
fects of widespread burning. 

The Mississippian Period (800 to 1540 A.D. or ap- 
prox. 1200 to 500 B. P.) is considered by many ar- 
cheologists to overlap with historic (Colonial) time 
in the Southeast. The Southeastern Indians were 
now highly dependent on agriculture with corn as 
their primary crop. Members of the various tribes 
were concentrated in villages located along the 
broad alluvial flood plains where shifting agriculture 
was their primary means of sustenance. 

These continusus shiFTs in land cultivation plus their 
continued use of fire for clearing land and opening 
the forest probably kept a mosaic of various stand 
ages and types in the landscape. It also maintained 
open corridors that favsred plant migration, espe- 
cially for intolerant species2. Since the implements 

'Personal cammuf;~catian w ~ t h  Dr Paul Deicourt and Dr 
Hazel Deicaurt 



Table 2. Late Ple is tocene  and Holocene events of s ign i f i cance  i n  the  
development of f o r e s t  types i n  Southeastern U.S. 

HISTORIC PERIOD: Modern times. 2000 
Settlement times. 

CULTURAL EVENTS calendar 

High Indian morta l i ty .  
America discovered. 1500 

years before CLIMATEfVEGETATIONAL 
~ r e s e n t  STAGES 

MISSISSIPPIAN PERIOD: 
Indian c u l t u r e s  l a rge ly  

agrar ian ,  l a r g e  pal i sades .  1000 
WOODLAND PERIOD: 

Po t t e ry  . 500 
Corn c u l t i v a t e d ;  bow & arrow. 

AD 
Bur ia l  mounds, ---- 0 

BC 

ARCHAIC PERIOD: 1000 
Marked increase  i n  Indian 

population; exchange with 
o the r  regions.  2000 

Beginnings of  c u l t i v a t i o n  with 
f i r e  a s  the  only f e a s i b l e  
t o o l  f o r  land c lea r ing .  3000 

Archeological evidence t h a t  4000 
Archaic Indians used t o t a l  
landscape of  So. Appalachians. 

5000 

8000 
PALEOINDIAN PERIOD: Largely 

hunting/gathering t r i b e s ;  
f i r e  was an ava i l ab le  9000 
too l .  

F i r s t  evidence of humans 10000 
i n  the  SE. 

0 Man-made f o r e s t s  widespread, 
Exploi ta t ion  of f o r e s t s  & s o i l .  

500 Indian impacts ( c u l t i v a t i o n  & 
f i r e )  mold f o r e s t  charac ter .  

Northern pines had moved i n t o  
2000 Canada while southern pines 

had moved i n t o  Tennessee - 
t h e i r  present  d i s t r i b u t i o n s .  

3000 

4000 Sea l e v e l  rises t o  modern 
pos i t ion .  

5000 "Southern p ine  rise" = marked 
inc rease  i n  dominance of 
southern pines i n  SE. 

6000 

7000 Increased summer warmth and 
drought . 

9000 Central  hardwood oak-hickory 
f o r e s t s  became es tabl i shed.  

10000 P e r i g l a c i a l  cl imate extended 
a s  f a r  south a s  an e a s t -  
west l i n e  th ru  Ashevil le ,  NC. 

11000 Temperate, deciduous f o r e s t s  
replace  Jack p ine l sp ruce l f i r .  

15000 Jack p ine ,  f i r  and spruce a r e  
the  primary f o r e s t  types a s  
f a r  south a s  Tennessee. 

18000 ~ u I . 1  g l a c i a l  maxima. 



of this time were still Stone Age-type tools, the wide 
range in tree sizes likely enabled them to utilize 
forests to a much greater degree than would other- 
wise have been possible (e.g., very targe numbers 
of pole-size, straight trees were needed to build the 
miles of pallisades constructed during this period; 
such trees are found only in young, evenaged 
stands). 

The open character of the forest when first viewed 
by EuroAmerican settlers is well documented in 
early descriptions of the landscape as is the 
widespread use of fire by the native Americans (Guf- 
fey, 1977). How the popular notion of a closed, high 
forest (variously described as virgin, climax, pris- 
tine) covering Eastern North America from the Atlan- 
tic to the Great Plains (Day 1953) became so firmly 
entrenched in American thought and popular litera- 
ture is difficult to explain. Fortunately, popular litera- 
ture is now recognizing that ". . . the wooded valleys 
and lowlands where Indians lived had been cycled 
and recycled by swidden farming; they weren't the 
'forest primeval' the 'discoverers' eulogizedi' (Billard 
1 989). 

A factor that may partially account for historians 
failure to recognize the open character of the 
"original" landscape is the very high Indian mortality 
throughout Eastern North America during the 16th 
and 17th centuries. European diseases decimated 
l ndian populations after their first white contact. 
DeSoto's large contingent of "explorers" roamed 
through much of the Southeast in 1539-40. Scat- 
tered accounts from various parts of Eastern North 
America claim that: 1) at least 80 percent of the In- 
dian population of the Central Mississippi Valley 
died during the 16th and 17th centuries (Phillips 
and others 1951 ; Dobyns 1983 reported by Delcourt 
& Delcourt 1987) and 2) entire villages in the Nor- 
theast were wiped out (Cronan, 1975). 

In the various villages these epidemics preceded by 
decades either the arrival of the first settlers or 
those literate enough to provide good historical 
records of the landscape. "Pestilence spreading 
ahead of a wave of settlers is only one example of 
how the influence of a frontier travels in advance of 
that frontier" (Billard 1989). Billard also states that 
"When the Spanish left Florida in 1763, they took 
with them the 83 Christianized suwivors of a 
Timucua population that once had numbered 
15,000." 

By the time historical accounts were being written 
(1 8th century) former lndian old fields and fire-main- 
tained uplands were supporting 50 to 1 50-year-old 
forests that could easily be perceived as pristine 

and virgin. In the Deep South the forests described 
in these early accounts were commonly composed 
of yellow pines, which are pioneer species on dis- 
turbed sites. The magnitude of the effort required to 
keep pine on these sites rather than hardwoods, the 
species that comprise the later seral stages that 
replace pines, is well understood by industry today. 

PINE-HARDWOOD STANDS 
The natural and ant hropogenic forces that have 
been altering the Southeastern landscape for the 
past 1,000 to 2,000 years should have encouraged 
the widespread occurrence of pine-hardwood forest 
types. Indian old fields were probably "captured" by 
pure pine stands, as happened following wide- 
spread agricultural abandonment earlier in this cen- 
tury. If left undisturbed hardwood encroachment 
would result in a pine-hardwood mixture once the 
invading hardwoods filled the canopy openings that 
occur as pine stands mature and begin to break 
up. Left undisturbed long enough most sites in the 
Southeast will eventually become hardwood stands 
(Kuc hler 1 964). 

A second mechanism was provided where fires 
caused hardwood mortality on frequently burned 
uplands created openings allowing the estab- 
lishment and development of pines, resulting in a 
pine-hardwood mixture. The quality of hardwoods 
in these stands would be low as fire scars would en- 
courage the decay fungi that cause butt rot. 
However, these "den trees" provide good wildlife 
habitat. Both of these mechanisms through which 
pine-hardwood mixtures were perpetuated 
depended on repeated disturbance. 

In the pre-Columbian landscapes the pine- 
hardwood types were maintained as a mid-sera1 
successional stage that occurred as a shifting 
mosaic. Efforts to "fix" pine-hardwood stands on 
specific sites in perpetuity will be difficult and some- 
what "unnatural." 

IN CONCLUSION 
Over much of the Southeast disturbance-initiated 
species have been the dominant forest cover for as 
long as the extant species have been here. Further- 
more, for at least the past 10,000 years man has 
been the originator of many of the landscape distur- 
bances that have affected forest composition (ac- 
cording to some anthropologists, "man" is 
responsible for the serotinous-cone character of 
several pine populations). 

The notion that some "natural" forest condition ex- 
isted in 1492 in the sense of the broad landscape 
being composed of climax forest associations that 
formed independent of a human influence is a 
myth. Further, trying to devise management 



strategies today to try to recapture this "figment of 
our romantic nature and imagination'' is not a viable 
option. Any significant effort in that direction is 
counter productive. 

A serious concern, not only to forest resource 
managers, but the public in general, must be the 
guidelines used to manage the Southeastern 
landscape. It is proper and desirable that there be 
public input into this process, Too often, however, 
the voices heard are from those who have little 
biological training and even less understanding of 
the #'natural" condition that they want to "re-cap- 
ture. ' Of great concern to the resource managers 
responsible for the wise management of the 
Southeastern forest is the demand that it be 
returned to some "natural" or "original" (pre-Colum- 
bian?) condition which they preceive to have 
evolved without disturbance. This demand be- 
comes an anomaly when the evolutionary history of 
the Southeastern forest is understood. 

The hard fact must be established that conditions 
that the average forest user of today perceives as 
"ugly" (i.e., just after a stand-replacement fire) are 
essential to the healthy and "natural" function of 
many forest ecosystems. Such impacts maintain 
the biodiversity that accomodates the wide range of 
species and forest types that characterize the 
Southeastern landscape. The extent to which forest 
managers are allowed to manage the Southeastern 
forests in what they perceive to be a wise manner 
may largely depend on their ability to tell this story 
to a public who increasingly is "calling the plays." 
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THE DECLINE OF THE MISSOURI OZARK FOREST 
B M E E N  1880 AND 1920 

Robert J. Cunning ham and Carl ~auser '  

.-Missouri's presettlement pine and oak-pine forest once extended over six 
million acres. Today the pine and oak-pine cover types occur on less than 400,000 
acres. Between 1880 and 1920, some of the Nation's largest producing sawmills were 
operating in Missouri's Eastern Ozarks region. A historic review of this period's in- 
dustrial and social activities toward the Ozark forests illustrates how an area once 
dominated by pine was converted to hardwoods. 

INTRODUCTION 
Industrial and social activities occurring in the Mis- 
souri Ozarks between 1880 and 1920, dramatically 
changed the area's oak-pine forest cover. During 
this period, large-scale lumber companies and the 
workers they attracted, thoroughly exploited the vir- 
gin forest resources. The effects of this period re- 
late directly to the formation of the present forest 
cover type. 

PRE-INDUSTRIAL PERIOD 
Before 1880, Missouri's pine and oak-pine cover 
types were estimated at 6.6 million acres (Law 
1984; Liming 1946). The range primarily covered 
the southeast Ozark highland on a geographic unit 
known as the Courtois Hills (figure 1). Shortleaf 
pine (P inu  e m  Mill.) was the dominant 
species and was distributed unevenly across its 
natural range. Associated hardwoods included 
black oak (mrcuve lu t ina  Lam.), white oak (a 
ialkrar L.), scarlet oak (a coccinea Muenchh), and 
post oak (a stellata Wangenh.). Often, it formed 
pure stands; otherwise, it mixed with the 
hardwoods. Early lumber company records indi- 
cated that old-growt h pine volumes averaged 4,000 
board feet per acre (Hill 1949). Occasional stands 
containing 25,000 board feet per acre were also 
recorded (Brinkman and Smith 1968; Record 191 0). 
Individual trees with butt cuts nearly 4 feet in 
diameter at the small end of a 16 foot log were com- 
mon (Hill 1 949). 

Immediately following the Civil War, most of the 
Ozarks was still isolated from settlement and com- 
mercial resource exploitation. Its rugged terrain dis- 
couraged the only practical means for lumber 
transportation: railroads. Because the demand for 
forest products was concentrated in the more popu- 
lated eastern United States, Missouri's remote 
forests remained uncut. 

kssistant District Forester, Missouri Department of 
Conservation, West Plains, MO; Silviculture Specilist, 
Missouri Department of Conservation, Jefferson City, 

Figure 1 .--Natural range of shortleaf pine in Mis- 
souri. (From Brinkman and Smith 1968) 

By 1880, lumber output from the eastern forests 
had declined (Galloway 1961 ). The westward migra- 
tion of people through Missouri and on to the tree- 
less Great Plains greatly increased the demand for 
Ozark lumber. When railroad developers showed in- 
terest with line construction across southern Mis- 
souri, eastern timber speculators were attracted to 
the Ozark pineries. Uncut timberland was cheap 
and often sold for $1 .OO per acre (Hill 1949). Inves- 
tors pieced together major land holdings that 
formed the resource base for future lumber com- 
panies. 

THE LUMBER BOOM 
The Ozark's lumbering boom started in 1887 when 
the railroads began line construction (Hill 1949). By 
then, lumber companies were erecting enormous 
sawmills. Populations increased rapidly as loggers 
and their families were drawn to the new mill towns 
and logging camps. Large towns eventually 



developed at Grandin, Winona. Birch Tree. Leeper, 
Greenville, Doniphan, West Eminence, Midco and 
Bunker, MO (figure 2). Production peaked in 1899 
when Missouri sawmills turned out 724 million 
board feet of lumber (Steer 1948). The boom lasted 
until the early 1920%. 

Most of the large mills were engaged in the 
manufacture of pine lumber. The Missouri Lumber 
and Mining Company at Grandin, MO was the first 
mill to undertake large-scale lumbering in the 
Ozarks (Galloway 1961 ) .  Orterm referred to as the 
Grandin Mill, its practices and policies were 
developed under the leadership of General 
Manager John B. White and typified the activities of 
other regional sawmills. 

The operations at Grandin were enormous consider- 
ing current Missouri standards. The milling c m -  
plex comprised two large band miils, one circular 
sawmill, four planing mills, fourteen drying kilns and 
thirty warehouses, with an annual production 
capacity of 75 million board feet. Seventy-five acres 
of old-growth pine were cut daily to feed the mills. 
In 1894, the Grandin Mill was the largest of its kind 
in Missouri and reputed to be the largest operating 
sawmill in the United States (Wil l  1949). 

Activities away from Grandin centered around the 
togging camps. An eaensive network of company- 
owned railroads, or tram lines, connected the 
camps to the mill. Most sf the fogs were 
transpafled across these lines Others were floated 
down the Current River during enormous log drives 

Logging practices were best described as tut-and- 
get-atst operations. White had ordered all pine 
trees having a burr: diameter larger than 12 inches, 
or hollow ones containing at least 5 inches of sound 
wood, to be cut and hauled to the mill (Wil l  1949). 
Hardwoods were hewn into railroad ties and either 
used on the tram lines or sold to other railroads. 

Mid-Continent Iron Company's (BVsidco) operation at 
Midco, MO, is another example of an industry that 
totally exploited the forest. Original1 y, Midco was 
an iron smelting facility. Local timber sources were 
convefled into charcoal lor use in the furnaces. 
Daily wood canscamptian equaled 180 cords. 
During World War I, the United States government 
installed a chemical distillation pknt at Midco. 
Large quantities of wood alcohol, tar, calcium 
acetate and wood oils were recovered from the char- 

Figure 

B I R C H  TREE 

2.--Location of Missouri's large forest industry between 1880 and "192, 
































































































































































































































































































































































































































































































