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ABSTRACT. The Dawinian concept of evolution provides a useful theoretical construct to
consgder the ongoing development of forest management and forest operations. For example,
changing environments, “surviva of the fittes”, and random mutation are processes, which have
andogs within the foredry arena The success and surviva of any forest operations technology
is determined by how wel it meets the demands of its operaing environment. Examples of
evolutionary processes in forest operations are presented. Selection pressures on forestry
opeadions ae not entirdy derived from dglviculturd needs. This presents the possbility of
divergent development. In order to influence the evolution of forest operations, slviculture must
define future operational condraints and support the surviva of technology, which exhibits vaue
for foret management practices of the future.
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INTRODUCTION

Forestry is changing. New scientific knowledge emerges, socia vaues change, and globd
market shifts affect supply and demand for forest products. Non-consumptive uses of forests are
becoming more important. Responding to these changing demands and using new knowledge,
Slviculture is changing. Modem prescriptions call for trestments such as naturd regenerdtion,
partia cutting, stewardship treatments, and restoration. While prescriptions have evolved, will
the tools available to managers be capable of achieving the desred outcomes?

Manipulating the resource to develop desired future conditions and produce vaue for society
requires effective tools. Forest operations are the tools to “do” forest management. Current
forest operations employ computerized technology, incorporate safety festures to protect
operators, and can operate with minima dte impacts. These operations are certainly different
than their predecessors, but what forces have shaped their development? This is not an idle
question. The better we understand the processes that have shaped the world we live in, the
better we can anticipate the environment of the future. If we can understand the forces that have

shaped forest technology to the present day, we may be able to predict whether forest operations
and dlviculture are converging or diverging.

Charles Darwin was a student of change. He examined change in the naturd world and sought to
understand the processes that promoted or impeded the development of biological diversity. The
field of evolutionary biology builds on the work of Darwin and others to explain change in the
natura world. Badc principles of evolutionary biology provide an informative congtruct used to
examine change over time in many applications unrelated to biology. Evolution can even be
goplied to the development of forest technology.
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EVOLUTION OF TECHNOLOGY

Evolution is a change in the relaive aundance of genetic types in a population over time. A
classic example is the devdopment of the English moth from light to dark coloring associated
with the impact of the indudtrid revolution. Both light and dark colorings were inherent in the
origind population. In response to the selection pressures of predation, the dark coloring became
more common as the environment was darkened by soot.

We can view forest operations technology as the population of interest. This population contains
a wide diversity of traits, ranging from manua technologies (pruning. planting, chainsaw work)
to high-technology systems such as helicopters and computerized harvesting machines. The
relative abundance of technology types within this population has changed over time. Inthe U.S.
South, for example, the most common forest operation in the 1960's was the shortwood system
of pulpwood production with manual felling, processing, and loading. In the last 40 years,
responding to the sdlection pressures of cog, labor availability, and markets, and the

development of new technology, shortwood systems have become practicaly extinct (Greene et
a 200 1). Forest operations technology evolves.

Evolutionary biology posits severd processes that add variation to the genetic pool of a
population. Mutation is a change in a genetic type. Mutations occur as a Sngle instance of a
random variation that may or may not offer some advantage. In forest technology, mutation
occurs as innovators congder, “What if . .. ?” These trids lead to never-seen-before methods or
equipment. Early developments of forest mechanization were clear examples of trying new
configurations of functions. Feler-bunchers, fdler-buncher-processors, feller-buncher-
processor-forwarders were al developed and tested. Many of these equipment innovations were
discarded, however some ideas were found to be effective and have led to modern equipment
designs.

Recombination of genes takes exising traits and creates new variations of the organism.
Genadly, in forest operations, this takes the form of new combinations of functional operations.
Wetland loggers in the southeastern U.S,, for example, combined shove logging pre-bunching
with multi-gpan cable systems. Toms (1999) reports on animd logging systems in Alabama that
combined traditiond animd logging with forwarder extraction.

Another process that adds variaion to the gene poal is gene flow from digunct populations of
closdly related species. Colby (1996) cites an example of two species of fruit fly sharing genetic
materid through a common contact. There are many examples of technology interaction among
forestry and other sectors. Agriculturd equipment has been commonly adapted for forest
operations. Congruction machines, particularly tracked excavators, have been modified to
perform a variety of forest tasks. Land clearing equipment designed for right-of-way
maintenance is being used for mechanicd mid-story reduction. Gene flow aso occurs among
digunct populations of forestry operators. Cut-to-length technology, highly developed in
Scandinavia, is being examined in other parts of the world.
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While some processes add genetic diversity, naturd sdlection reduces genetic diversty.

Natura selection, one of Darwin’'s primary theoretical contributions, has dso been cdled
“survivd of the fittest.” Conceptudly, individuas who are best adgpted to their environment
have a compstitive edge for surviva. Through reproductive success, their gendtic traits are
promoted in the population. Obvioudy, successful forest operations contractors are more likely
to be imitated by their peers and by new entrepreneurs. An important distinction in natural
selection, however, is tha the critica factor is reproductive success, not just surviva. Animd
loggers, for example, are in high demand by NIPF landowners. Toms (1999) survey of animd
logging contractors in Alabama found that 82 percent had no lack of business in the previous
year. Yet, most aso expressed concern about whether their business would survive them. Only
one-third of the respondents had someone in line to perpetuate their business. The nature of the
work is very specidized and physicdly demanding. While animd loggers may be successful in
the economic surviva sense, they are not broadly successful in atracting new people to that line
of work.

If we condder naturd sdection to be the determination of whether a forest operations technology
is adopted by new contractors or not. there are many factors which affect the outcome. At a
basc leve, technicad feesbility is required. If an exiding technology is not capable of mesting
new performance requirements, it will not be copied. Similariy, socid license is a basc
requirement. If a technology is unacceptable to the public, it will not be promulgated. Economic
viability is another factor. Grester returns on investment will tend to be favored over lesser.
Labor requirements are dso important. The availability of skilled, reliable labor to fill forest
operations positions is a recurring concern of contractors. Market congtraints such as distance to
mills, product specifications. and pricing dl differentidly sdect among forest operations
technologies.

Current forest operations are changing in response to these selection pressures. The pressure for
economic viability. for example. is leading to the developtnent of larger machines. Large-
capacity skidders introduced in the last severd years offer the potentid of baancing a system
with fewer employees, reduced maintenance and moving costs, and reduced interference delays.
Increasing demand for products and the changing nature of the raw materia is encouraging forest
operations on more adverse Stes such as steep dopes and wet areas. More emphasis on
sugtainability and best management practices leads to training, light-on-the-land equipment, and
seasond redtrictions on operations.

Clearly, fores operations are changing. The centrd question of this session, however, is whether
forest operations and slviculture are evolving together or heading in different directions.
Silviculture, through the prescriptions developed by foresters, defines the operationd
requirements of forest technology. A prescription for a shelterwood, for example, establishes a
piece size for remova. resdua spacing, and extraction distance. Severd systems may be
equaly capable of peformirg this type of task. Suppose a manud feling/cable skidder system
is competing with a cut-to-length sysem. Each can meet the badsic Slvicultura requirements, but
they are dgnificantly different in features such as soil disturbance, resdud stand damage. capitd
invesment, and productivity. Congderations of factors such as tax effects, various government
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regulations. and intangible values determine the cost structure and perceived retun to the
operations contractor. Thus, there is no guarantee that dlviculturd condderations will naturaly
direct the development of forest operations technology.

In fact. some forces may preclude evolutionary development. For example. extirpation (the local
eimination of a population) puts an end to technology development. In areas where forest
products markets have been diminaed, foresters may have difficulty locating contractors to
peform stewardship treatments. The dimination of forest operations technology for timber
harvest in this case precluded its evolution into a technology for other Slvicultural trestments.
Wide variations in operating conditions can dso impede development of new technology. |f
avalable slviculturd work one season focuses on smdl trees (eg. thinnings), and the
subsequent season prescriptions cdl for overstory removas, it is unlikely that selection will lead
to condructive evolution. In fact, under such conditions, evolution likey favors generdist
sysems with low-capitd investment.

CONCLUSIONS

Evolutionary principles appear to provide a reasonable construct to consder the process of
change in the population of forest operations technology. Our currently available technology
represents a wide range of operations, each with its own set of capabilities, limitations. and codl
Sructures. We can aso be certain that new ideas and equipment configurations will develop.
Over time, as the needs of slviculture and forest products evolve. some of these technologies
will prove better adapted and will become more prevalent. Progress and technology march
onward.

Although change will happen, we should dso be avare of a fundamenta precept. evolution is
not progress. Natural sdlection may not lead to a population with an optimal set of traits.
Evolution doesn’t look into the future to postion a population for success. Instead, change
occurs in response to the sdlection pressures of the present. In addition, these sdlection pressures
operate on a current population that is a limited expresson of the possibilities of the past.
Conceivably, the requirements of slviculture could change radicdly and the forest operaions
systems of today may not be cagpable of evolving to meet the needs.

To insure that we have the tools we need tomorrow, foresters and engineers must work together
to define future operationd requirements. Basic research is needed to define the nature of
acceptable impacts, to develop new technologies for forest operations, and to forecast market and
sociad condraints. By aticulating future needs, we can guide the evolution of new technologies
in productive ways. Guiding the process of evolution may dso require intervening in the natura
section of systems, supporting the surviva of technology for the future when it may not be
competitive in the present.
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