CHAPTER 1
SILVICULTURE AND ITS PLACE IN FORESTRY
Silviculture has been variously defined as the art of producing and tending a forest; the application of knowledge of silvics in the treatment of a forest; or the theory and practice of controlling forest establishment, composition, structure, and growth. Since silvicultural practice is applied forest ecology, it is also a major part of the biological technology that carries ecosystem management into action. This chapter provides a preliminary review of all of silviculture and an account of how it relates to the rest of forestry.
Silvicultural practice consists of the various treatments applied to forests to maintain and enhance their utility for any purpose. The duties of the forester are to analyze the natural and social factors bearing on each stand and then to devise and conduct the treat​ments most appropriate to the objective of management.
Silviculture is to forestry as agronomy is to agriculture in that it is concerned with the technology of growing vegetation. Like the rest of forestry itself, silviculture is an applied science that rests on the more fundamental natural and social sciences. The immediate foundation of silviculture in the natural sciences is silvics, which deals with the growth and development of single trees and other forest biota as well as of whole forest ecosystems. Among the sources of information about silvics are books by Packham, et ai. (1992); Kozlowski, Kramer, and Pallardy (1991); Lassoie and Hinckley (1991); Oldeman (1990); Burns and Honkala (1990); Whitmore (1990); Kimmins (1987); Spurr and Barnes (1980); and Daniel, Helms, and Baker (1979).
The competent practice of silviculture, whether it be crude or elaborate, demands as much knowledge of such fields as ecology, plant physiology, entomology, and soil science as a forester can acquire. It is through silviculture that a major part of the growing store of knowledge about trees and forests is applied. This knowledge is not learned once for a lifetime. The forestry practitioner must keep abreast of new information and ideas through communication with other members of the profession and familiarity with the results of formal research. Although formal research is indispensable, it does not lead to total knowledge, nor does it relieve the forester of responsibility for additional thought and continual observations in the forest. In applied science, in the absence of total knowledge we are always condemned to act on the basis of thoughtful judgment. Skillful practice itself is a continuing, informal kind of research in which understanding is sought, new ideas are applied, and old ideas are tested for validity. The observant forester, who is wise to seek to explain what is observed, will find answers too many silvicultural questions in the woods by examining the results of accidents of nature and earlier treatments of the forest.

The Purpose of Silviculture

Silviculture is designed to create and maintain the kind of forest that will best fulfill the objectives of the owner and the governing society. The production of timber, though the most common objective, is neither the only nor necessarily the dominant one. It is a mistake for foresters to assume that timber production is or should be the sole objective of silviculture. Frequently, especially with public forests, such benefits as water, wildlife, grazing, recreation, or aesthetics may be more important; water and wildlife always have to be taken into account.

Most silvicultural practices are applied in the course of timber harvesting if only because the value of the products removed greatly reduces the cost of the operations; this is true even if timber production is only a secondary or tertiary objective of management. Silviculture for timber production is also the most intricate kind because the species and quality of trees are of greater concern than they would be with other forest uses. Designing Silviculture for wildlife management is also complicated, but mainly because of the difficulty of determining the kinds of vegetation that mobile and elusive animal populations require. Once the kind of habitat required is known, the Silviculture is not difficult to design. If one understands Silviculture for timber production, that for other uses is comparatively easy to formulate.

Some of the biggest problems in Silviculture are getting owners and society to define their management objectives and, especially, the degree of priority attached to various uses. Foresters can determine how much of what uses are feasible, but the owners determine actual policies about allocations. It is the responsibility of foresters to work out the details, which include the design and conduct of silvicultural treatments. Management is hamstrung if owners, particularly legislative bodies, fail to provide for the making of hard choices about allocations of forest uses and leave them to be fought over by single-minded user groups. Even worse problems can be caused by amateur prescription of silvicultural practice through simplistic rules ordained by legislatures, courts, or accountants.

Improving on Nature Through Silviculture
The most magnificent forests that are ever likely to develop were present before the dawn of civilization and grew without human assistance. Furthermore, under reasonably favor-able conditions, forests may remain productive even after long periods of mistreatment. Therefore, it is logical to consider why foresters should attempt to direct any of the powerful natural forces at work in the forest.

The purely natural forest is governed by no purpose unless it be the unceasing struggle of all the component plant and animal species to perpetuate themselves. Human purpose is introduced by preference for certain tree species, stand structures, or processes of stand development that have desirable characteristics. Where fine forests have developed in nature, they are usually found to have been the result of fortuitous disturbances followed by long periods of growth. In silviculture, natural processes are deliberately guided to produce forests that are more useful than those of nature, and to do so in less time.

The productivity of the managed forest is improved through attainment of the objec¬tives listed in the following sections.

Control of Stand Structure and Process

Silviculture is a kind of process engineering or forest architecture aimed at creating structures or developmental sequences that will serve the intended purposes, be in harmony with the environment, and withstand the loads imposed by environmental influences. Because the stands grow and change with time, the designing is more sophisticated and difficult to envision than that of static buildings. Furthermore, the stands alter their own environment enough that the forester is partly creating a new ecosystem and partly adapting to the one that already exists.

As will be described in more detail in Chapter 2, the possible variations in stand Structure and process are almost infinite. The shapes and sizes of stands can be altered for many purposes. A few among these are expediting silvicultural treatments and harvesting, creating attractive scenery, governing animal or pest populations, trapping snow, and reducing wind damage. The shapes of stands should be fitted to the immutable patterns dictated by soils and terrain. While the arrangement of stands in checkerboard patterns has a certain administrative appeal, the natural characteristics of land are not arranged in such ways.

The internal Structure of a stand is determined by considerations such as variation in species and age classes (or lack of it), the arrangement of different layers or stories of vegetation (usually differing as to species), and the distribution of diameter classes. Much of this book is concerned with the purpose and means of achieving these kinds of variations in Structure and developmental process.

Control o f Composition

Undesirable species or inferior individuals of otherwise desirable species appear in almost any forest. One objective of silviculture is to restrict the composition of stands to that most suited to the location from economic and biological standpoints. This frequently means that the total number of species in a managed forest is less than that of the natural forest of the same locality. Unwanted plants commonly flourish at the expense of the desirable, so every reasonable effort is usually made to keep them in check.

Species composition is controlled basically through regulating the kind and degree of disturbance during periods when new stands are being established. In this way environmental conditions can be adjusted to favor desirable vegetation and exclude undesirable species. Regulation of the regeneration process by itself is not always enough to provide adequate control over stand composition. It is often necessary to supplement this approach by direct attack on the undesirable vegetation during or after periods of stand establishment. Cutting, poisoning, controlled burning, or regulated feeding by various forms of animal life may be used to restrict the competition and regeneration capacity of undesirable vegetation.

Desirable species and genotypes can be favored in a more positive fashion by planting or artificial seeding. By this means, it is also possible to improve on nature through the introduction of species that do not occur in the native vegetation, provided that they are adequately adapted to the environment and do not get out of control.
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Much of silviculture has always consisted of rehabilitation efforts and of
knowing what will happen as a result of treatments of the forest. This
quence of pictures from 1938, 1949, and 1969 shows a planted stand, at a
National Forest in northern Idaho, in thr ages of development. The tract
had been logged over from a logging railroad in 1930-1931 and both burned
and acquired just before the first picture was taken. Planting of western white
pine and Engelmann spruce was done in 1939 and 1940. The subsequent
pictures show the development, to age 30, of the mixture of planted tr
and other conifers that seeded-in naturally. (Photographs by U. . Forest
Service.)





 The goal of controlling stand composition is to achieve the best fit between the purposes of management and the natural constraints imposed by the site.

Control o f Stand Density

Inadequately managed forests are often too densely or too sparsely stocked with trees. If stand density is too low, the trees may be too branchy or otherwise malformed, and the unoccupied spaces are likely to be filled with unwanted vegetation. This condition arises from inadequate provision for regeneration; it is most common in the early life of a stand but its consequences may linger after the trees have grown to occupy all of the space available. Excessively high stand density causes the production to be distributed over so many individual trees that none can grow at an optimum rate and too many may decline in vigor. Unless stand density is controlled at the time a stand is established or during its development, it is almost sure to depart from optimum density at some stage of its life.

Restocking o f Unproductive Areas

Without proper management many areas of land potentially suited to growth of forests tend to remain unstocked with trees (Fig. 1.1). Fires, destructive logging, grazing, agricultural clearances, and other kinds of forest devastation have already created many large, open areas that can be reforested only by planting.

Protection and Reduction of Losses

In unmanaged stands, severe losses are commonly caused by damaging agencies such as insects, fungi, fire, and wind, as well as by the loss of merchantable trees through com petition. Substantial increases in production may be achieved merely by salvaging material that might otherwise be lost. Proper control of damaging agencies can result in further increases in production. Forest protection often involves modification of silvicultural tech-niques. Adequate protection should be extended to ali forests, even the poorest, because fire and pest outbreaks developing in stands where they may be of little concern can sometimes spread to those deemed worthy of protecting. Those áreas set aside for wilder-ness, scenery, or scientific study require some protection; sound policies about their care and use inevitably involve something other than leaving them absolutely alone.

Control of Rotation Length
Stands of trees are not immortal. In most situations, there is an optimum size or age to which trees should be grown. The period of years required to grow a stand to this specified condition of either economic or natural maturity is known as the rotation. Controlled reductions of stand density or such measures as fertilization and drainage can shorten rotations by making the final-harvest trees grow to the desired sizes at earlier ages. Pre-mature cutting is a common type of mismanagement. Trees allowed to grow beyond the optimum do not continue to increase in value at rates sufficient to provide an acceptable return on either the costs of growing them or the investment represented by their own value. The risk of decay or other damage may increase the possibility that they will decline in value, be lost, or become a hazard. However, the reservation of overmature trees or even of dead trees may be necessary for some wildlife species or simply for scenery.

Facilitating Harvesting

In the unmanaged forest, timber, like gold in the hills, is where one finds it: the greater the amount extracted, the more difficult and expensive it becomes to find and extract more. In the managed forest, the growth of stands can be planned so that any use of them is on a more efficient, economical, and predictable basis. It helps to create good stands that are so located that the cost of transporting timber from them is kept under control. Planned reductions in the number of trees on an area not only makes them reach merchantable size more quickly but also leaves more space between trees for extraction of logs during partial cutting.

Conservation o f Site Productivity

Paramount among the objectives of forestry in general and of silviculture in particular is the maintenance of the productivity of the living forest. The site is the total combination of the factors, living and inanimate, of a place that determine this productivity. The site factors that are most subject to long-lasting harm are those of the soil, which is the most nearly nonrenewable of the resources used in silviculture. The basic supply of solar energy, the most vital site factor, is beyond silvicultural control. Silviculture rests heavily on manipulation of the microclimate of a site, but its effects on the macroclimate are limited to those caused by photosynthetic removal of carbon dioxide from the atmosphere. Forests are the result rather than the cause of geographical precipitation patterns.

The living organisms of a place are site factors themselves; however, they can repro-duce themselves and are thus the epitome of the renewable resource. If none are rendered extinct, damage to these living components of the site is not likely to be permanent, even though it can be serious and long-lasting. There are always uncertainties over the extent to which silviculture should discriminate against "undesirable" forms of life.

The most obvious and least reparable kind of damage to the soil is physical erosion. Careless treatment, especially that associated with roads and trails used for timber extraction, can cause several years of accelerated erosion that may negate the soil formation processes of a thousand years. A more subtle kind of chemical erosion can result if the remarkable capacity of forest vegetation to recycle nutrients in place is so impaired that large amounts of vital chemicals are irretrievably lost to surface runoff or leaching. These two kinds of erosion cause harm twice because they reduce not only the productivity of the soil but also the quality of the water that flows from it. Soil damage impairs the capacity of the site to yield all of the primary tangible benefits of the forests—vegetation, animals feeding on plants, and good water.

It is entirely within the realm of possibility to conduct forestry permanently without the degradation that is almost inevitable in most agriculture and in other "higher" uses of land. However, realization of this potentiality is not automatic.

Silviculture as Applied Ecology

Silviculture is the oldest conscious application of the science of ecology and is a field that was recognized before the term ecology was coined. Many of the ways of governing the de velopment of forest stands rest heavily on cuttings and other treatments that alter or modify the factors of the stand environment that regulate the growth of the vegetation. The reliance on ecological knowledge is ali the firmer for resting on the virtue of necessity and not simply on philosophical principle. The economic returns from forestry are not high enough to make it feasible to shield forests from ali the vicissitudes of nature. There-fore, Silviculture is usually far more the imitation of the natural processes of forest growth and development than of substitution for them. These processes may be improved upon, channelized, and limited; however, excessive disruption leads to severe losses, high costs, and other unfortunate consequences, immediate or delayed.

The necessity that nature should be understood and emulated does not mean that silviculture should slavishly follow either the reality of natural processes or abstract theories about them. Most forests live longer than people. It is, therefore, not easy to recognize that the natural disturbances that renew forests, often after intervals of centuries, are usually catastrophes such as fires, windstorms, and insect outbreaks (Kimmins, 1987; Oliver, 1981). There are also forests that are slowly and continuously renewed by minor disturbances, but these are far from being any universal or typical form of nature. The various patterns i n the development of forest vegetation over time and after disturbance are discussed in Chapter 2 on stand dynamics.

Silviculture is concerned with the building and control of forest ecosystems. The continuity of life and the health of ecosystems ultimately depend on completion of ecological cycles of vital materials. Some are closed in seconds within the space of a few millimeters, whereas those that involve the natural loss of water and certain gases to the atmosphere will not be closed within a single continent or year. Some purely natural cycles are not completed, if ever, until nutrients lost to streams are heaved up from the ocean floor millions of years later.

It is desirable that these cycles be closed as nearly as possible within distances of time and space that are not needlessly large. However, this does not mean that they need to be closed and contained within single hectares on an annual basis; they were not in nature, and it is not feasible to do so in practice. In other words, the concept of the mixed, all-aged stand of stable climax vegetation with some ancient trees and no net gain or loss of materials is more of an abstraction than a reality. Diagrams depicting such forests are useful for conveying ideas succinctly, but the concept that they depict may be to forest ecology and silviculture what the perfect black body is to physics and engineering.
Ecological Technology

Silviculture is not conducted in a pure state of nature, and this state ceased to be puré when society advanced beyond the food-gathering stage. To the extent that civilization is partly artificial, it can be argued that forestry must also be partly artificial in ways calculated to keep the world ecosystem in healthy dynamic equilibrium. However, the farther that any artificially induced process departs from nature, the more perilous it is if only because it becomes harder to predict the results.

The web of life is so intricate that it is easy to argue that one should do nothing to the forest for fear of doing something wrong. This is the indictment puré science contin-ually brings against the technology of applied science. The charge can never be entirely refuted, but society requires practitioners of applied science to act in the absence of full knowledge. The best that they can do is to proceed by adaptive management in which one takes action based on the most complete knowledge available. The results are monitored, and the management practices are changed or otherwise adapted as one learns from the results.

Silviculture is conducted on the basis of ecological principles and not in spite of them. There is virtually no way of using land resources so heavily with so little risk of depleting their productive capacity. The goods and benefits that flow from forests under sound, long-term management depend on living processes and are thus renewable to the extent that basic productive site factors are maintained; they can even be increased if these factors are permanently improved.

The wood produced by forests is, apart from concrete, the most important structural substance in human use. Unlike alternative mineral or agricultural materials, its production requires much less energy and does little that would damage or pollute. In fact, the growing of it increases the stock of resources even as it cleans both air and water. If forest vegetation were more efficient in yielding human food and in concentrating sources of fuel, the future of the world ecosystem would be much brighter for the human race. It is ecologically ignorant to assume that "saving forests" by substituting wood with substances produced with fossil fuel from mineral resources benefits any ecosystem that includes human civilization.

Economic and other social factors also affect the silvicultural policy for any given área; the objective is to operate so that the value of benefits derived from a forest should exceed the value of efforts expended. The most profitable forest type is not necessarily the one with the greatest potential growth or the one that can be used or harvested at lowest cost. One must also consider the silvicultural costs of growing the crop or maintaining the stand and the prospective losses to the damaging agencies. In fact, it is usually the inroads of insects, fungi, and atmospheric agencies that ultimately show where silvicultural choices have run afoul of the laws of nature. The majority of the best choices are imitations of those natural communities. These are not necessarily or even commonly old-growth climax communities.

It is not entirely safe to accept the success of modern agriculture as justification for highly artificial kinds of silviculture. The environment of a cultivated field is much more thoroughly modified and readily controlled than that of a forest stand. Furthermore, forest crops must survive winter and summer over a long period of years, whereas most agricultural crops need survive only through a single growing season. One disastrous year harms the production of just one year with an annual crop, but it can destroy the accumulated production of many years in a stand of trees. Neither economic nor ecological principles permit the forester to engage in the wholesale, routine use of pesticides and fertilizer on which intensive agriculture often rests. Any silvicultural application of refinements borrowed from agriculture must be combined with all the kinds of measures appropriate to the intensity of agriculture imitated. Forestry can profitably borrow much more than it ever has from the science on which modern agriculture is based, but there is little place for uncritical imitation.

Some silvicultural measures depart very far from natural precedent. These usually involve the introduction of exotic species or the creation of communities of native species unlike anything that might come into existence naturally. Departures of this sort cannot be thoughtlessly condemned but should be viewed with reservations until they have been tested over long periods. Otherwise, most of the choices can be thought of in terms of the degree to which natural processes are accepted or arrested, pursued or reversed. Any departure from nature that still looks good at the end of a rotation is probably sound.

Relationship with Forest Management and the Social Sciences

The decisions made in silvicultural practice are based fully as much on economic constraints and social objectives as on the natural factors that govern the forest. Recognition of objectives and limitations set by society in any given case reduces the silvicultural alternatives that need be considered. Even though intelligent application of silviculture can make a positive contribution to the tactics, the strategy for solving problems associated with social sciences is not academically part of silviculture. Those matters that involve economic considerations are dealt with in the field of forest management, which is concerned with forest planning, economic analysis, harvest scheduling, and the administrative aspects of forestry (Davis and Johnson, 1987; Leuschner, 1984). The field of forest policy deals more indirectly with the effects of sociological and political phenomena, as well as economics, on the use and treatment of forests.

Silviculture and forest management are interdependent, and not parallel, alternative approaches to the same problem. Because of its dominant concern for efficient application of the natural sciences, silviculture is no less "practical" than forest management, with its tendency toward preoccupation with economic considerations. No management plan is better than the silviculture it stipulates, nor is any silvicultural treatment better than the usefulness of the results it produces.

The Stand and the Forest

A stand is a contiguous group of trees sufficiently uniform in species composition, arrangement of age classes, site quality, and condition to be a distinguishable unit. The internal structure of stands varies mainly with respect to the degree that different species and age classes are intermingled. The simplest kind of structure and developmental pattern in that of the pure, even-aged plantation. The range of complexity can extend to a wide variety of combinations of age classes and species in various vertical and horizontal arrangements. The development of stands over time, or stand dynamics, is considered in Chapter 2.

From the standpoint of forest management, the term forest has a special meaning and denotes a collection of stands administered as an integrated unit, usually under one ownership. Putting stands together into forests is especially important in regulating timber harvests as well as managing wildlife populations and large watersheds.

One objective of this type of planning for timber is usually the achievement of a sustained yield of products. The forest, and not the stand, is the unit from which this sustained yield is sought. Management studies of prospective growth and yield determine the volume of timber to be removed from the whole forest in a given period; silvicultural principles should govern the sequence and manner in which individual stands are cut to produce the required volume. The tendency to treat large groups of dissimilar stands as if they conformed to a uniform, hypothetical average should be studiously avoided. However, an arbitrary decision must always be made regarding the minimum size of stand that can be regarded as a separate entity.

The silviculture that is concerned with natural processes involving mobile animals, flowing water, and whole landscapes also involves the arrangement and juxtaposition of stands. Differences between adjacent stands and the distribution of stands across landscapes are taken into account as part of the management of forests or ecosystems.

The size and number of stands recognized depend on the intensity of practice, the value of the stands, the diversity of site conditions, and the ease of mapping. Where intensive forestry is feasible, stands as small as a quarter-hectare may be recognized; under crude, extensive practice, the same forest might be divided into units no smaller than several hundred hectares. The best policy is to recognize the smallest stands that can be conveniently delineated on the maps of forest types and age classes used in administration. Even after stand maps have been put on paper, the forester must still deal with variations that actually exist within each stand. From the technical standpoint, each portion is best treated separately, although acceptance of too many variations would eventually create a mosaic of conditions that would be awkward for most operations.

Scope and Terminology of Silvicultural Practice

Silvicultural practice encompasses all treatments applied to forest vegetation. Although there is much more to the understanding of these treatments than their definitions and nomenclature, the terminology must be understood and used carefully and precisely. Sloppy use of the terms causes all manner of misunderstanding within the forestry profession and in dealings with the general public. For example, some categorize all cutting as either "clearcutting" or "selective cutting." This not only stunts the development of their own understanding of forestry practice and causes blunders but also keeps everyone else confused. The terminology in this book generally adheres to that promulgated by the Society of American Foresters Silviculture Instructors Sub-Group (1994) and the Commonwealth Forestry Bureau (Ford-Robertson, 1978); it departs only where further improvement in clarity or precision seems imperative.

The act of replacing old trees, either naturally or artificially is called regeneration or reproduction; these two words, which are synonymous in this usage, also refer to the new growth that develops.
Kinds o f Stands

The production of benefits by forest stands is controlled by the developmental processes of those stands whether these benefits be wood, wildlife, water, forage, or scenery. The processes are all of those that start with the birth of the stands, continue with competition between trees, and end with the death of old trees and their replacement. The simplest kind of stand development process is that of the pure even-aged stand in which the trees are '”pure”,' that is, all of one species, and start together after the previous stand is removed; such stands are often ones that have been planted. Slightly more complicated are pure stands that start from so-called advance regeneration that is already in place before the old stand is removed. Uneven-aged stands have trees or, more commonly, groups of trees of different ages and much more complicated developmental patterns. Mixed stands have more than one tree species, and the interaction between them makes their development even more complicated, especially if they also have more than a single age-class of trees. The development of these different kinds of stands is discussed in Chapter 2 and Chapters 11-16.

Kinds of Silvicultural Treatments

There is also a terminology of silvicultural treatments, of which there are two categories. 111 Methods of reproduction refer to treatments of stand and site during the period of regeneration or establishment while (2) tending or intermediate cutting refers to treatments at other times during the rotation (Fig. 1.2).

Reproduction or regeneration cuttings are made with the twin purposes of removing the old trees and creating environments favorable for establishment of regeneration. The period over which such regeneration treatments extend is the reproduction or regeneration period. Regeneration cuttings range from one to several in number, and the regeneration period may extend from several years to several decades. In truly uneven-aged stands, regeneration is almost always under way in some part of the stand. The regeneration period begins when preparatory measures start, and it ends when young trees, free to grow, are dependably established in acceptable numbers. The rotation is the period during which a single crop or generation is allowed to grow. The act of replacing old trees, either naturally or artificially, is called regeneration or reproduction and these two words, which are synonymous in this usage, also refer to the new growth that develops.

The names of the various methods of regeneration (see Chapter 11) denote the patterns of cutting in time and space that determine the structure of the stands created or maintained by the process. They distinguish between reliance on reproduction from seeds or that from sprouts and may tell a little about the degree of shading of new seedlings. Later chapters describe how clearcutting is associated with pure, even-aged stands; shelterwood or the
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Figure 1.2 The relationship between the period of regeneration and the period of inter​mediate cuttings is shown for a sequence of even-aged stands managed on a 60-year rotation according to the shelterwood system. In this system the new stand is started before the older one is completely removed.
seed-tree method, with advance regeneration; the selection system, with uneven-aged stands; and coppice methods, with sprout regeneration. The names of the methods, systems, and kinds of stand usually only begin to describe the details of treatment programs.

Silvicultural treatments are not limited to securing regeneration. Other treatments may be applied after the stand is established and during the long period that elapses while the crop grows through various stages until it is ready for replacement. Various intermediate cuttings or tending operations are conducted to improve the existing stand, regulate its growth, and provide for early financial returns, without any effort directed at regeneration. Sometimes these treatments are referred to as stand improvement operations or timber stand improvement (=TSI), when they yield no products.

Intermediate cuttings that are aimed primarily at controlling the growth of stands by adjusting stand density or species composition are called thinnings (Chapters 3-5). Treatments conducted to regulate species composition and improve very young stands are release operations (Chapter 6). Those that involve only the branches are pruning (in Chapter 3). Those tending operations that involve outright investment without any harvest of wood are sometimes referred to as stand improvement. Many kinds of intermediate cutting or tending can now be accomplished without actually cutting down trees. Therefore, usage of the word "cutting" is now often correct only if viewed in a traditional and figurative sense.

Protection against injury is as much a part of silviculture as harvesting, regenerating, and tending of forests. It is so important that it has led to fields of specialization in forestry such as entomology, pathology, and fire control and is no longer included as a separate section of this book, although Chapter 19 is devoted to the silvicultural aspects. The details of almost any successful silvicultural system include significant modifications designed to reduce injuries. Where such measures fail or are inadequate it is sometimes desirable to conduct salvage cuttings to recover the values represented by damaged trees or stands.

A program for the treatment of a stand during a whole rotation is called a silvicultural system. The silvicultural system is usually given the same name as the method of regeneration that is used at the stage of stand replacement. This is because these regeneration methods determine the kinds of stands and stand developmental processes that go on during a whole rotation.

Role of Cutting in Silviculture

The techniques of silviculture proceed on the basic assumption that the vegetation on any site tends to extend itself aggressively to occupy the available growing space. The limit on growing space is usually set by the availability of light, water, inorganic nutrients, or carbon dioxide. In a general way, the available amount of growing space is set by the most limiting of these factors, although an abundant supply of one factor can partially offset deficiency of another. If the vegetation nearly fills the growing space, the only way that the forest can be altered or controlled is by killing trees and other plants. In reproduction cutting, this is done to provide room for the establishment of new trees; in intermediate cutting, to promote the growth of desirable trees already in existence. Paradoxical as it may seem, useful forests are created and maintained chiefly by the destruction of judiciously chosen parts of them. One of the characteristics of life is death; if there were no death, there would be no space for new life.

The ax and other means of killing trees can, in other words, be used for the construction as well as the destruction of the forest. What is left or what replaces what is harvested is more important silviculturally than what is cut Unfortunately, much of the general public as well as some loggers nave eyes only for what is cut and regard the harvests as simply the mining of a nonrenewable resource.

Preoccupation with the trees should not cause foresters to overlook the lesser vegetation and the animals that are a part of the forest community. The animals ultimately depend on the vegetation for food and thus do not compete directly for the growing space. However, whether they be defoliating insects or carnivores that feed on herbivorous mammals, they exert major influence on the nature of the vegetation even as they are, in turn, controlled by it. The fauna and nonarborescent vegetation of the forest are as likely to respond to cutting as the trees.

Effect of Cutting on Growing Stock

Cutting controls not only the composition and form of forest stands but also the relationship between trees reserved for growth and the amount of growth available for cutting. It is important to understand the long-term, cumulative effect of cutting operations in building, or degrading, a forest.

The growing of timber and animals is one of the few kinds of creative processes in which both product and productive machinery are the same thing (Heiberg, 1945). The wood of the tree stem cannot be removed without destroying the machinery that produced it, and the same is true of the animals. A clear distinction must, therefore, be drawn between the individuals that must be left to produce more wood or animals and the surplus that can be regarded as product and harvested.

The trees that must be reserved somewhere in the forest to continue production are the growing stock or forest capital. The volume of wood that is grown in the future depends on the quantity and condition of growing stock that is maintained. Cuttings regulate the amount of this growing stock and its distribution within individual stands or among the various stands that comprise the forest. The regulation of growing stock is of most crucial importance in silviculture when partial cuttings are applied within stands.

Silviculture and the Long-Term Economic Viewpoint

It is said that money does not grow on trees; the bane of forestry is the popular view that trees exist but do not grow. The short-term outlook of conventional economic theory holds, in effect, that the silviculturist cannot win while certain naturalistic ecological theories warn against trying. The economic time scale of forestry is so vast and unique that to many investors and in terms of ordinary economic theory it really is not economic at all.

There is scarcely any part of forestry in which this issue must be faced more squarely man in silviculture, especially when investments in establishing or treating young stands are considered. It takes a certain kind of ambivalence to keep the economics of forestry in perspective. The decision to practice forestry is usually a matter of ethics, politics, and social concern for posterity but not basically one of conventional economics. However, once the decision is made, it becomes logical to apply economic analysis to determine bow best to execute the details. Any conflict is not between "silviculture" and "economics" but between the long-term economic viewpoint of forestry itself and customary shorterm outlooks on financial matters. In the long run, short-sighted silviculture and poor environmental management become uneconomic.

The bolding of land for future production of wood or other benefits involves silviculture, even if nothing more is done than to let nature take its course and to harvest trees ocasionally. Ownership incurs costs, and these constitute investments in the future even if nothing is invested in treatments to increase future production. The question is not whether owners are investing in silviculture because they are already doing so, even if unintentionally; it is whether the capacity for long-term investments in silviculture and other parts of the forest enterprise is being used to optimum advantage.

Funds are rarely available for all the silvicultural work likely to prove profitable; thus the forester must ensure that those that are invested are expended on the most remunerative Unes of work possible. In any situation, it is logical to apply first those treatments that will yield the greatest increase in value of benefits per dollar of investment.

The first stage in the evolution of silvicultural practice is that in which continued production is actively sought but without any cash investments in it (Spurr, 1979). This “no-investment'” silviculture places emphasis on treatments that can be accomplished by removing merchantable timber without significant increase in harvesting costs. The removals cannot exceed the productive capacity of the forest. Some forests are sufficiently easy to control that treatments made on this basis give reasonably good results. This kind of silviculture is practiced over wide areas and will doubtless continue to be for a long time. The idea of taking values out of the forest without really reinvesting anything in future production has a powerful appeal. It almost completely dominated American silviculture for decades, and there are still many instances in which it is consciously or unconsciousiy regarded as the only economically feasible alternative.

Orderly policies of long-term investment in silviculture emerge if economic conditions and natural productivity are favorable, provided that adequate experience has accumulated. The kind and amount of investment are limited only by the economic law of diminishing returns. The actual amount expended on this kind of silviculture varies widely but is not likely to be trivial.

Variations in Intensity of Practice

The amount of effort expended on the treatment and care of stands—that is, the intensity of silviculture—varies widely, depending chiefly on economic circumstances. The converse of intensive silviculture is extensive silviculture. The degree of intensity is usually estimated in terms of such things as the amount of money invested in cultural treatment, the frequency and severity of cuttings during the rotation, and the amount of concern accorded to future returns relative to immediate returns.

The appropriate intensity of silviculture varies with accessibility, markets, site quality, management objective, and nature of ownership. The proper level often must be chosen for each stand because the application of a single degree of intensity will not give optimum results throughout a given forest, unless it is exceedingly small and uniform. The more favorable the combined economic effect of all factors, the higher the appropriate level of intensity of silviculture. The place for extensive silviculture is found in remote areas, on poor sites, or where owners are not willing or able to make more than minimum investments. It often plays a role where timber production is secondary to other purposes of forest management.
In the past, American forests have been exploited in such a manner that the poorest and most ill-treated stands are often found on the best sites and in the most accessible areas, such as those along permanent roads. This situation arises because the best and most conveniently located stands have been exploited first, most heavily, and most frequently. Ultimately, silviculture of the highest intensity should be practiced in many of these situations rather than in the remote areas where the best forests are now often found. Permanent roads and good markets for a diversity of forest products do not automatically ensure optimum practice, but they are essential to intensive management.
The intensity of timber-production silviculture depends in large measure on the nature and objectives of ownership. Variations in the species and sizes of trees desired may necessitate different procedures on adjoining lands that are fundamentally similar. Stability or longevity of ownership also controls intensity of silviculture. Large corporations and public agencies, which are relatively immortal, are in a far better position to practice intensive silviculture than individuals or small corporations of uncertain Stability.

The intensity of silviculture often depends on the extent to which the owner processes the wood grown in his forest. The closer the product is carried to the ultimate consumer, the greater is the ability to capture the values added by increases in intensity of practice in the woods. Prices for stumpage, that is, standing trees, do not necessarily reflect all the values added to the product by silvicultural measures to improve the quality of wood. Therefore, the owner who is not in a position to do more than sell stumpage may not be able to practice silviculture as intensive as that suitable for owners who also harvest, manufacture, or sell the final product. This relationship is modified, however, by the ability and willingness to make long-term investments. For example, public forestry agencies usually confine their operations to producing stumpage; they may, however, practice intensive silviculture without concern for profit on their investments in order to discharge their long-term responsibilities to the national economy.

Silviculture in Application

The practice of silviculture does not consist of rigid adherence to any set of simple or detailed rules of procedure. For example, no part of this book can be wisely used as a manual of operations. Many of the techniques of cutting are described in simplified form shorn of the myriad of refinements and modifications necessary to accommodate the special circumstances and local variations encountered in practice. Each procedure described is merely an illustration intended to demonstrate the application of a set of treatments de-signed to meet a uniform set of circumstances. Even though uniform stands have important advantages that make them worthy of creation, the stands encountered in the field may lack uniformity and thus call for variation in treatment.

Any consideration of silviculture covers a variety of treatments wider than is likely to be practiced in any locality at a particular time. In times when all the forests of a locality are immature, silvicultural practice may be limited to intermediate cuttings, and anything connected with regeneration may be limited to the reforestation of vacant areas. In localities where it is customary to secure regeneration by planting, the forester may regard methods of natural regeneration only as matters of intellectual exercise. Conversely, where planted stands are an anathema or owners are not ready to invest in them, only natural regeneration may seem important. Where attention is for the time being concentrated on replacing old-growth forests with regeneration, consideration of intermediate cuttings may seem quite unessential. At times and places where economic conditions support only the crudest kind of extensive silviculture, intensive treatments may seem visionary indeed.

The subject matter of this book reflects a wide variation in intensity of silvicultural practice because an attempt is made to describe all known techniques that seem applicable in any significant forest area, especially of North America, within the foreseeable future. The procedures characteristic of the more intensive kinds of silviculture cannot be described as briefly as those associated with extensive silviculture and so get more attention. This does not mean that a management program must include a long series of different treatments to be silviculture. Some of the most astute silviculture is the kind conducted at low intensity in which much is accomplished with a limited amount of treatment.
The student forester interested in only one particular region cannot safely restrict attention to the kind of silviculture currently practiced there. Foresters move, times change, and ideas from other places are often as fruitful as the indigenous ones. Scientific knowledge and technology also grow at an accelerating pace. The demands that society places on forests continually increase even as that same society places increasing restrictions on the ways of meeting the demands.

In many places today, the impractical or impossible of 20 years ago is now the routine—yet may prove to be the naive, illegal, or inadequate of a decade hence. Because of cutting and growth, the forests of a locality often change, and this calls forth new methods of treatment. This is especially true in North America, where the forests of many localities tend to be in uniform condition either because they nave been scarcely touched or because they were ali cut over in a short space of time. This book may seem to contain more techniques and ideas than a forester might need in a professional lifetime. Although some may go unused or go quickly out of date, there are really only enough to provide a start.

It is not enough for the forester to know what to do and how to do it. The important questions in silviculture, whether they involve matters of natural or social science, start with the word "why." As in other applied sciences, action proceeds from the knowledge represented by the answer, or sometimes the merest inkling of an answer. The forester can find as many solutions in the woods as in the printed word. However, it is necessary to ask oneself the questions that generate the solutions and also to be ready to take the time to observe how the flora and fauna of the forest develop. Growing knowledge calls for those changes in procedure that are part of adaptive management.

Silvicultural Lilerature

Each chapter of this book ends with a listing not only of the references cited in that chapter but also of others chosen to lead the way to as much literature as possible on topics covered in the chapter. It often helps to find a recent article on the chosen topic and then follow it backward in time through use of the references in that article. Any sort of literature review is useful.

Abstracting journals can be very valuable, especially Forestry Abstracts, a British publication that covers significant forestry literature on a worldwide basis. The professional and scientific journals of forestry of one's locality can also be helpful, especially if they have annual or cumulative indexes that are used with appropriate imagination. The use of computerized information retrieval systems is growing rapidly. More detailed information and many additional literature references about silviculture in the United States can be obtained from at least three consolidated publications. In Regional Silviculture in the United States (Barrett, 1994), various silviculture professors have written about their localities. Research scientists of the U.S. Forest Service (Burns and Honkala, 1990; Burns, 1983) have summarized information about the ecological characteristics of tree species and about the silviculture of the important forest types. One advantage of these three sources is that they will help locate many of the large numbers of publications issued by research and extension agencies of governments and universities.

The Forestry Handbook of the Society of American Foresters (Wenger, 1984) presents much information about silviculture and closely associated topics, as do similar compendia designed to help the practicing foresters of a locality. The written word can bring the forester ideas from distant places. Not ali of the problems of growing loblolly or ponderosa pine have to be solved exclusively by study of these individual species. Much has also been learned about the silviculture of pines in Finland and Australia; knowing about teak in Asia may also help. In fact, new and useful insights often come faster from distant sources. Most of the world literature of forestry is in English, although English-speaking forestry students should be more ambitious about mastering other languages.

A forester should not read about silviculture just to absorb information. Reading should be a stimulus to thought, a way of synthesizing new patterns of understanding, and of both expanding and testing ideas. It can make comprehension of processes seen in the woods surer and more serviceable.
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