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CHAPTER 1. INTRODUCTION

1.1 General. Silviculture is that segment of the Forestry program that addresses the art and science of
controlling the establishment, growth, composition, health, and quality of forests and woodlands to meet the
diverse needs and values on Indian trust lands on a sustainable basis. Silviculture encompasses planning and
investing in future resources by manipulating existing stands, which either intentionally or unintentionally
have become established in a given species composition and spacing because of historical reasons, in order to
meet some future objective (Oliver, 1996, p 7).

1.2 Purpose. This Handbook Volume is designed to provide procedural guidance and minimal
standards relevant to the application of sound silvicultural practices to manipulate stands as efficiently and
effectively as possible across lands in trust or restricted status under the jurisdiction of the Bureau of Indian
Affairs (BIA). Hereafter, all mention of Indian forest lands implies forest lands that are either held in trust or
restricted from alienation by the United States. See the Glossary of Terms, List of Acronyms, 25 CFR Part
163.1 definitions, and 53 IAM 5-H for additional assistance. The 25 CFR Part 163.11 states “The harvest of
forest products from Indian forest land will be accomplished under the principles of sustained yield
management and will not be authorized until practical methods of harvest based on sound economic and
silvicultural and other forest management principles have been prescribed.” In recent years the focus of
silvicultural practices has moved from sustainability of timber harvest to the sustainability of all resources
and their ecosystems. For additional guidance on statutory, regulatory, and policy requirements, the user
should refer to 25 CFR Part 163, General Forestry Regulations; and 53 IAM Chapter 9, Silviculture.
Additional guidance on silvicultural practices and procedures may be available from Regional handbooks
and policy memoranda for Regional guidelines as well as agency/tribal specific guidelines.

There are several good books on the practice and science of silviculture which should be part of every
silviculturist’s library. This handbook should not be considered a substitute for those books that focus on the
stand-development processes which are the results and objectives of silvicultural treatments. Some of the
older books have been revised to incorporate current research and the evolution in the science of silviculture
that has taken place during the past 30 years. A fair number of these textbooks are listed in Chapter 3 as part
of the bibliography.

Although this handbook addresses silviculture and silvicultural systems, it is very important to keep in mind
that tribal goals, objectives, preferences and possibly feelings play a primary role in the practice of
silviculture on Indian lands and essentially are the starting point for all forest management. Tribal direction
tells us whether they want employment and /or income from the forest and may impose definite constraints
on the options and tools a silviculturist may use. Prescriptions should be based first on what the tribal public
is asking of their lands and secondly on forest condition in order to determine how silvicultural practices can
meet those goals.

1.3 Policy. Itis the policy of the BIA that all Indian forest lands shall have effective management and
protection through the application of sound silvicultural principles. These management actions should
maintain or improve the genetic qualities of forest stands. All Forest Management Plans (FMP) will include
silvicultural guidelines and all forest treatments that affect the present and/or long-term character of a forest
stand (including woodlands) will be guided by a silvicultural prescription (Rx). Forest vegetation treatments
may include harvest of forest products, hazardous fuels reduction projects (including prescribed fire), forest
development projects, watershed restoration projects, insect and disease prevention or rehabilitation projects,
and all other projects that will impact forest vegetation within the forest land base. If a forested area is being
converted to a non-forest land use (e.g. housing, range, agriculture, etc.) an Rx is not required.
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Prescriptions will be developed that identify and quantify existing stand conditions, including stand structure
and composition; provide a basis about how the Rx will change those conditions; and provide guidelines to
implement the proposed treatment. Include appropriate monitoring plans as part of the Rx.

1.4 Scope. This Handbook VVolume deals with the principles and procedures of sound forest vegetation
management prescribed in silvicultural prescriptions on Indian lands. It is meant to give the user a broad
national perspective concerning the development, implementation and documentation of silvicultural and
forest vegetation altering treatments on Indian forest land. More site specific guidance may be available
from regional, agency, and/or tribal offices. Regardless of the means of program execution, the appropriate
Line Officer shall assure that the practices and procedures prescribed herein are followed. Compact tribes
may not be required (refer to the Tribe’s Compact Agreement) to abide by the practices and procedures
contained in this handbook VVolume, but may find it useful as a guiding document.

15 List of Acronyms The following list of acronyms and terms are not all used in this handbook.
Several acronyms commonly used in forestry are included.

B/C Benefit/Cost tpa Trees per Acre
BIA Bureau of Indian Affairs UEA  Uneven-aged
CFI Continuous Forest Inventory WUI  Wildland Urban Interface

CFR  Code of Federal Regulations

CFSI  Commercial Forest Stand
Improvement

CRR  Composite Rate of Return

DC Desired Condition

DBH  Diameter (at) Breast Height

EA Even-aged

ESA  Endangered Species Act

FD Forest Development

FHP  Forest Health Protection

FMD  Forest Management Deduction

FMP  Forest Management Plan

FRCC Fire Regime Condition Class

FS Forest Service

FVS  Forest Vegetation Simulator

GS Group Selection

GPS  Global Positioning System

HFR  Hazardous Fuel Reduction

IAM  Indian Affairs Manual

IRMP Integrated Resource Management Plan

IRR Internal Rate of Return

NEPA National Environmental Policy Act

NPV  Net Present Value

PCT  Precommercial Thinning

QMD Quadratic Mean Diameter

Rx Silvicultural Prescription

SDI Stand Density Index

SEV  Soil Expectation Value

ST Seed Tree

STS Single-Tree Selection

SW Shelterwood

TPA  Tribal Priority Allocation
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1.6 Frequently Asked Questions (FAQs). The most commonly asked questions include:

A. Why do we need a Silviculture Handbook? Forest management treatments have the potential
to affect the condition of Indian lands for decades or even centuries. Therefore it is imperative that
any forest management treatments be implemented using sound and state-of-the-art scientific and
ecological principles. The direction for implementation of forest treatments are contained in what the
professional forestry community calls a silvicultural prescription. The silvicultural prescription is the
site or stand specific document that prescribes vegetation altering treatments to modify existing
vegetation to meet current and future targeted/desired conditions as outlined in supporting planning
documents such as FMPs and project environmental assessments. Individual prescriptions, at a
minimum, will address the current stand diagnosis, prescribed treatments, implementation guides,
and monitoring requirements. The development of individual prescriptions must take ecological,
economic, and societal constraints into consideration. During the development and implementation
of silvicultural prescriptions, vegetation altering decisions and actions are proposed and taken on
individual stands to pursue tribal objectives as identified in supporting planning documents. In order
to do this effectively, a systematic professional methodology that addresses all components of the
silvicultural process is recommended. This handbook has been developed to give a national
perspective on how to best meet this need while integrating Bureau policy, Tribal policy, and science
in the decision-making process. Consider this a 3-legged stool consisting of science, tribal policy,
and federal laws. This handbook provides procedures and protocols for the development,
implementation, documentation and monitoring of silvicultural prescriptions. It addresses training
opportunities, personnel requirements and the option of silviculturist certification. It informs
decision makers, provides consistency and accountability, and documents the reasoning behind
specific treatments for the benefit of Indian land owners and the historical record.

B. What is the difference between the silvicultural process and the silvicultural prescription?
The silvicultural process is a loosely defined term used to describe all steps involved in the forest
vegetation treatment strategy and decision making. At the reservation or program level the
silvicultural process entails and documents such activities as assignment of silvicultural duties;
silvicultural input into FMPs and IRMPs; assessments of overall forest health; methods of
communicating forest conditions and treatment needs to the tribal leaderships and publics; training of
staff; storage of records; quality control guidelines; the participatory role of the silviculturist in the
project National Environmental Policy Act (NEPA) process; monitoring requirements, etc. The
silvicultural process, in effect, is a silvicultural program outline. Specifics would vary considerably
by agency or tribe.

The silvicultural prescription is the site or stand specific document that prescribes vegetation altering
treatments to modify existing vegetation to meet current and future targeted/desired conditions as
outlined in supporting planning documents such as FMPs and project environmental assessments.
Individual prescriptions, at a minimum, will address the current stand diagnosis, prescribed
treatments, implementation guides, and monitoring requirements. The development of individual
prescriptions must take ecological, economic, and societal constraints into consideration. In effect,
the silvicultural prescription is a part of the silvicultural process.

C. What does this Handbook replace? This is the first such national handbook for the BIA, it
complies with current statutes, regulations, and policy, and is to be used as a guide. It provides
minimal standards for a process of decision making and silviculturist qualifications. Many regions,
agencies and tribes have developed and utilized various forms of silvicultural handbooks for many
years. This practice is strongly commended and needs to continue. Localized handbooks attain
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more site and issue specific detail not appropriate in a national level handbook.

D. What is a Silviculturist? The silviculturist is a forester with detailed knowledge of silviculture
and related sciences. At the same time, the silviculturist is a generalist with a working knowledge of
a wide range of virtually all other components of natural resources management, including
ecological, social, and economic issues. Framed within management direction, the silviculturist
needs to be able to analyze site, vegetation and other variables, and develop action plans in the form
of treatment prescriptions.

E. How do you become a Silviculturist? To become a silviculturist, one first needs a degree in
forestry followed by a mixture of continuing advanced education, and practical on-the-ground
experience in diagnosing forest conditions and implementing forest treatments. A forester does not
need to attend any special silvicultural educational programs to be considered a silviculturist. Rather
he/she must have demonstrated the ability to convert academic knowledge and practical experience
into ecologicially sound forest treatments.

F. What is Silviculturist Certification? Silvicultural Certification is a program that a forester may
elect to undertake. It has historically consisted of attending several weeks of specific graduate level
education, and then, preparing a silvicultural prescription which must be presented and defended
before a certification panel. If the forester adequately defends the prescription, he/she is considered
a certified silviculturist. The certification process is an exercise that requires aspiring silviculturists
to thoroughly demonstrate and defend their understanding of complex land management issues and
technologies.

G. How and why did the Silviculturist Certification process get started? The Silviculturist
Certification process as implemented in some BIA regions today was largely developed by the
USDA Forest Service (FS). It was initiated after reviews of commercial timber harvest prescriptions
on FS lands in the 1970s showed a lack of consistency and at times environmentally damaging
practices. Debate ensued between FS leadership and academia as to the cause of the inconsistency
among practices implemented by professional foresters. The FS felt academic preparation of
forestry graduates was not adequate. Academia felt the federal foresters were working
independently without sufficient professional guidelines, they did not have adequate access to
continuing education, and that they needed more professional interaction. As a result, it was
determined that silvicultural prescriptions should be prepared by experienced individuals with
advanced training that had been reviewed by their peers. Regional training programs were
developed specifically for advanced silviculture studies and a certification program was
implemented. All along, the intent of silviculturist certification was to develop and maintain a
professional staff capable of making the best possible decisions concerning the management of forest
vegetation.

H. Is Silviculturist Certification required in the BIA? Silviculturist certification is encouraged
and recommended but not required in the BIA. See the training chapter of this handbook for more
information.

I. How does the sustained yield concept compare to the broader characterization of ecosystem
sustainability? Sustained yield emphasizes wood and fiber production in providing an income for
the tribe. The concept of sustained yield management was required by law and has been
implemented on Indian forest land for many decades. It emphasizes the production of a consistent
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supply of forest products from Indian lands for extended periods of time, and originated from the
concern that over-harvesting the forest would damage long-term forest volume production, with dire
repercussions to both the environment and local communities or economies. Sustained vyield
management requires considerable monitoring of forest growth and yield, and extensive knowledge
of harvest scheduling techniques.

The broader term “ecosystem sustainability” incorporates sustaining the whole ecosystem including
the components we don’t fully understand. Tribes have always had this holistic ecosystem
sustainability view of the land. Sustainable forest management links environmental protection,
economic prosperity, and social well-being in the forest management planning and decision-making
process.

J. Do hazardous fuel reduction projects (HFR) require silvicultural prescriptions? Yes. HFR
projects in forest land need to be included as part of the general prescription for the stand. Stand-
alone prescribed fire projects also need to go through the silvicultural process and an Rx developed,
which must be reviewed and signed by the silviculturist. Fuels staffs need to coordinate closely with
the silviculturist, the timber sale section, and the interdisciplinary community to minimize conflict
with other resource objectives and optimize the outcome of the hazard reduction work.

K. How do the Silvicultural Guidelines in the FMP/IRMP differ from the treatment Rx?
Silvicultural guidelines in the IRMP or FMP address broad landscape conditions, objectives and
future desired conditions. Treatment-level prescriptions are specific to a particular stand or groups
of stands. Stand-level treatment Rxs describe the pathway of the stand towards a desired future
condition and must be consistent with and support the broader landscape goals identified in the FMP
or IRMP.

L. Is there special funding for silviculture? No, there is no funding appropriation specific to
silviculture. The application of sound silvicultural treatments is not optional and is regarded as a
mandatory task that must be included in the planning and implementation of virtually all types of
forest management activities. Work must therefore be funded dependent upon the type of project
such as a combination of: tribal priority allocation funds (TPA); Forestry Project funds, such as
forest development, timber harvest initiative, woodland, forest management inventory & planning,
and IRMP; fuels project dollars (HFR/WUI); Forest Health Protection (FHP) a.k.a. insect and
disease funding; along with all other potential sources. With limited funding it is critical that
projects be prioritized, program efficiencies regularly reviewed, and that every source of funding
and/or treatment is pursued. For this to be possible Reservation timber programs need strong
leadership, clear direction, and good cooperation among all involved.

M. Does the harvest of other (special or traditional) forest products require a silvicultural Rx?
Yes, if the forest treatment/harvest affects the present and/or long-term character of a forest stand
(including woodlands). If this is not the case, then an Rx in not necessary. In either case, harvest of
special and/or traditional forest products will usually be addressed in some form of a local forest
products use policy statement. The silviculturist should be consulted during the development of this
policy statement to determine if conflicts with other resources objectives will occur and to assess if
the practice is sustainable.

N. Does the Silviculturist have a role in community education and outreach concerning land
management issues? The implementation of sound resources management requires the integration
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of environmental, social, and economic principles and sciences. Land management conflicts are
usually the result of different perspectives and objectives of stakeholder groups. The silviculturist
has a role in providing sound information on the past, current and predicted future conditions and
processes in the landscape to as broad an audience as possible. Armed with better knowledge it is
hoped that conflict would be reduced and commitment to sound decisions would improve. With the
ongoing shortage of trained natural resource specialists it is especially critical to participate in
outreach to tribal youth in hope that more will pursue continuing education in natural resource fields.
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CHAPTER 2. SILVICULTURAL ROLES, RESPONSIBILITIES, and INTERACTIONS

2.1 General. It is critical that particular individuals carry out their roles and responsibilities, and
interact with others in order to effectively manage and protect Indian forest land through the application of
sound silvicultural principles. This chapter describes those roles, responsibilities, and interactions.

2.2 Regional Director. As per 53 IAM 9, the Regional Director, is responsible for: developing
regional policies, standards and silvicultural guidelines for program implementation; assuring that
silvicultural standards and policies are met; and providing assistance in the implementation of Reservation
silvicultural program direction, oversight and guidance.

2.3 Agency Superintendent. The Agency Superintendent will: plan and budget for silvicultural
program needs; prepare, organize and conduct silvicultural activities; assure silvicultural quality control; and
maintain silvicultural data and document archive for all Indian forest lands.

24 Silviculturist. A silviculturist will:  prepare prescription (Rx) documents and review RX
documents prepared by others; help ensure that the Rx documents properly diagnose stand and forest-level
conditions and generate cost effective and practical management prescriptions; ensure that other resource
specialists are involved during the Rx development as intended by guidelines set within the FMP and/or
IRMP; ensure that the Rx document contains all of the elements described in Chapter 4 of this handbook;
ensure that Rx documents are filed and maintained in accordance with the current Bureau of Indian Affairs
(BIA) filing system; take appropriate measures to ensure Rx documents are readily retrievable for future
reference.

2.5 Interactions. In order to have an effective silvicultural program, silviculturists need to carry out
methodical communication and professional interaction with other resource specialists. The silviculture
program has two levels of planning: strategic and operational; and the interactions needed for these planning
levels are described below.

A. Strategic Planning. An FMP or IRMP provides tribal forest-wide goals and objectives and
often describes the desired future condition for the entire forest. These goals, objectives, and desired
conditions frame the development of project or stand-level Rxs that the silviculturist must address. A
silviculturist will be involved with the development of any IRMP, FMP, or other Bureau approved
strategic-level plan on reservations that includes trust forest land. The silviculturist will prepare or
review the silvicultural guidelines (general strata-level prescriptions) required during the planning
process (see Forest Management Planning handbook Volume 2).

B. Operational: Project or Stand Level Planning. Resource Specialists that propose any forest
vegetation treatment (timber sale, fuels reduction, forest development, water resource projects, etc.)
need to involve a silviculturist early in the project planning stages. During the NEPA process,
through interdisciplinary discussions, the silviculturist will need to incorporate other Resource
Specialists’ views in the development of stand-level silvicultural prescriptions. Project-level
planning will vary depending on scale and regional methods.
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CHAPTER 3. SILVICULTURAL SYSTEMS AND THEIR APPLICATION

3.1 General. A silvicultural system is a planned series of treatments for tending, harvesting, and re-
establishing a stand to meet management objectives. These treatments are applied throughout the life of the
stand and are combinations of regeneration methods and stand tending, called intermediate treatments. The
terminology herein is consistent with that in The Dictionary of Forestry by Helms, 1998, as well as
Silviculture Terminology prepared by the Silviculture Instructors Subgroup of the Silviculture Working
Group (D2), Society of American Foresters, September 1994. Writers of silvicultural prescriptions and other
documents should use these consistent terms to avoid confusion of intent and to adhere to the
professionalism of the craft.

3.2 Policy. Sound silvicultural treatments must be biologically feasible, socially acceptable and
economically possible. Numerous items such as tribal goals and objectives, past disturbance patterns, forest
health, site attributes, stand attributes, plant communities, economics, and the desired resource(s) emphasis
should be considered. Determination of the best silvicultural system must first rely upon sound ecological
principles. Since it is not within the scope of this document to include all of the principles of applied
silviculture, it is incumbent upon the silviculturist to provide additional detail and variation to these
guidelines from other sources when writing a specific prescription.

Forest Practlces Code nf British Columbia, Sivicultural S 2ms Gunebook 2003

3.3 Silvicultural Systems Overview. All silvicultural systems include three basic component
treatments or functions: timely regeneration, tending and harvest in a stand (Nyland 2002, p. 19). The
system, with its attendant regeneration methods, distinctively shapes the structure, either uniform or variable;
tending requirements; and yield schedule of the future stand. Because of the decisive imprint of the initial
regeneration method, silvicultural systems are named after the regeneration method, e.g. the shelterwood
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system. A systematic approach to silviculture should:

harmonize with the goals and specific objectives of the tribe;

provide for timely regeneration of the desired species;

effectively and efficiently use growing space and site productivity, making wise use of forest capital,
manage forest pathogens and damaging agents within acceptable limits;

protect soil and water resources;

produce predictable harvests over the long term (sustained yield); and

balance ecological and economic concerns to ensure a sustainable ecosystem.

Areas considered for treatment must fall within the above-listed guidelines and follow Forest Management
Plan (FMP) criteria. Once a decision is made that treatment is desirable, the first question should be: “What
system is appropriate here, and why?” The Forest Management Plan (FMP) should offer clear criteria to
answer these questions, based upon ecological and administrative policy. The second question then is “What
is the appropriate treatment(s)?” Finally, “Can the present stand be manipulated to meet stated FMP goals?”
If so, either an intermediate treatment of some kind or deferred treatment is required. If not, then a
regeneration method will be called for. See section 3.4 for some discussion and guidance on what system
may be appropriate.

A. Even-aged (EA) Systems. These result from regeneration methods designed to regenerate a
stand with relatively uniform sizes in a single primary age class (See Figure 3.0). The range of tree
ages is usually less than 20% of the rotation. Methods that produce even-aged structures include
clearcutting, seed tree, shelterwood, and coppice.

Figure 3.0. An illustration of the structure of an even-aged stand (Baker, 1950).

Regeneration Methods

1. Clearcutting (CC) is a method of regenerating an even-aged stand in which a cohort, or new age
class of seedlings, develops in a fully-exposed microenvironment after removal, in a single cutting,
of all trees in the previous stand. Regeneration is from natural seeding, direct seeding, planted
seedlings, and/or advance regeneration. Cutting may be done in groups or patches (group or patch
clearcutting), or in strips (strip clearcutting). In the clearcutting system, the management unit in
which regeneration, growth, and yield are regulated consists of the individual clearcut stand. When
the primary source of reproduction is advance regeneration, the preferred term is “overstory
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removal” (SAF, 1994).

Pre-Harvest After Regeneration

After Clearcut

2. The seed-tree method (ST) is an even-aged regeneration method in which a new age class
develops from seeds that germinate in virtually a fully-exposed microenvironment after removal of
the entire stand except for a small number of widely dispersed trees (~ 10 tpa) retained for seed
production. Seed trees are usually removed after regeneration is established.

After Regeneration

Pre-Harvest Seed Tree Cut

3. The shelterwood (SW) is a method of regenerating an even-aged stand in which a new cohort, or
age class of seedlings, develops in a moderated microenvironment beneath the residual trees. The
sequence of treatments can include three distinct types of cuttings:

a. an optional preparatory cut to set the stage for regeneration and accomplish one or more
of the following:

o Enhance conditions for seed production by releasing future seed trees.

o Develop wind-firmness of future seed and shelter trees.

¢ Provide for the efficient removal of merchantable suppressed and intermediate trees
thereby reducing breakage during the establishment cut. This would be a goal in
high-volume old-growth stands.

Care should be taken to keep crown closure high enough to discourage expansion of grass,
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shrub or forb competition.

b. an establishment cut or shelterwood seed cut to
prepare the seed bed and to create the new stand; and

c. the final removal cut to release the established
regeneration from competition with the seed and shelter And LS8 I |
trees. Pre-Harvest
Cutting may be done uniformly throughout the stand (uniform
shelterwood); in groups or patches (group shelterwood); or in
strips (strip shelterwood). Alternately, the final removal cut may
be deferred, creating an irregular shelterwood, where
regeneration occurs over a considerably longer period than a
traditional shelterwood.

=

Preparatory Cut

4. Coppice is a method of regenerating a stand in which all trees
in the previous stand are cut, knocked over, or injured at the root
and the majority of regeneration is from stump sprouts or root
suckers. This is primarily used in hardwood stands; however,
coastal redwoods may also be regenerated using this method.

s B

Shelterwood Seed Cut

Principles of Application. Regeneration is a critical and often
costly phase of the prescriptive cycle. The Code of Federal
Regulations, CFR § 163.12 (a) states:

“Harvesting timber on commercial forest land will not
be permitted unless provisions for natural and/or =
artificial reforestation of acceptable tree species is Final Removal Cut (optional)
included in harvest plans.”

Choosing the right reproductive method is the first step toward
assuring adequate regeneration. Also note that the regeneration
is the desirable species.

1. Considerations for choice of regeneration method: The choice of regeneration method (CC,
ST, SW or Coppice) is dependent upon a potential host of silvical, ecological, and administrative
factors:

a. Artificial or natural means of regeneration. Generally, natural regeneration should be
considered first if it can effectively meet stocking objectives of the desired species in a
timely and cost-effective manner. This method will also assure that native genetic stock and
site-adapted seedlings become established. Reasons to consider artificial reforestation
methods include:

¢ investment analysis indicates that the net present value (NPV) (or other measure) of
planting or seeding is significantly greater than the natural regeneration option. This
might occur due to site severity factors, infrequent cone crops, stiff vegetative
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competition to seedlings, or the development of vegetative competition in stands
where site preparation will likely be administratively delayed (e.g., while waiting for

e burning windows, etc.);

o there is a need to upgrade genetic potential of the new stand;

e the vigor, health or age of the existing stand may not afford natural regeneration of
the desired species; or

e there is a need to restore species diversity or ensure full stocking of desired species.

b. Size and shape of harvest unit as related to the effective seed dispersal distance of desired
species.

c. The need for site amelioration on hot, droughty or cold-air “ponding” sites, etc. On
droughty sites, shelter trees may be used in conjunction with planting, in lieu of natural
regeneration, or supplemental to natural regeneration.

d. Silvical characteristics of seed trees such as the periodicity, reproductive method (coppice
or seed producer or both), method of seed dispersal, fire resistance, wind-firmness, etc.

e. Slope steepness; site preparation methods; and cost, including the capability to protect
reserve trees, especially from fire, as well as the economic removal of seed or shelter trees.

f. Aspect effects on burning windows and the probability of timely site preparation. Aspect
also affects wind-throw, depending upon the prevailing direction of storm tracks.

g. Elevation and its effect on springtime survival of the developing (primordial) cone.

h. Topographic position, elevation, and soil as they affect the probability of windthrow of
seed or shelter trees.

i. Topographic position, adjacent terrain and prevailing wind direction during seed dispersal
period as they affect the direction of seed dispersal.

2. Components of a successful regeneration system. While seedling production or procurement
and reforestation is usually carried out by a Forest Development Section at most locations, it is
important that the prescription writer have a good understanding of the reforestation strategy and
how it will relate to the larger context of the silvicultural prescription.

It is equally important that the forestry program provide evaluation or monitoring of prescriptions as
written. Silvicultural prescriptions should be treated as a contract, binding upon all departments of
the agency who have a hand in carrying it out. This may include presale staff, sale administrators,
forest development staff or others. Unless the organization is very small, a prescription database
accessible to all key staff should be established.

The regeneration phase, because of a host of necessary considerations, often requires a “prescription
within a prescription” that addresses details such as planting method, stock type, stock transport and
storage, stock size, seedling protection, planting method, or season of planting. For a detailed
discussion of reforestation techniques, refer to 53 1AM 5-H, Forest Development. The goal of the
prescription is to provide a fully stocked stand with established seedlings of the desired species;
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however, a prescription should not be implemented without careful consideration of these important

items:

Species selection: Consider existing insect or disease problems in the area such as root rot
or mistletoe to determine appropriate planting schemes.

Long-term site protection: Consider large woody debris retention, long-term nutrient capital,
soil compaction and displacement issues, and cultural resource protection.

Site preparation: Consider cost effectiveness; silvical needs of target tree species; protection
of seed or shelter trees; response of the tree, shrub, and grass community; and consistency
with historical disturbance patterns.

Hazardous fuel disposal or treatment: This is generally accomplished during the site
preparation process and those same items listed above should be considered. If prescribed
fire is the treatment of choice, early coordination between the silviculturist, forest
development forester, fuels forester, and implementation unit is critical.

Harvesting: Felling, skidding, and processing methods should be consistent with all of the
above important items. Mechanized harvesting provides numerous options and good
silvicultural planning will disallow the use of machinery and harvesting techniques that
might be counter-productive to the achievement of one or more of the above items.

Intermediate Treatments

Intermediate treatments include all cultural treatments occurring in stands that are between regeneration
periods. Intermediate treatments are performed in order to ensure the desired species composition; improve
stem quality; or adjust stand density (spacing) to regulate growth in a developing stand. These treatments
have the primary emphasis of correcting stand defects and increasing the volume and value of usable forest
products. There is no intention of establishing regeneration through the application of an intermediate
cut. Care must be taken during any intermediate cutting to protect the residual stand from injury.

A common classification of intermediate treatments is as follows:

1. Release Cuttings. These treatments are designed to free young, target trees from undesirable,
usually overtopping, competing vegetation. The emphasis is upon stand improvement and species
composition, rather than growth effects, although increased growth rates are an advantageous
outcome. The types of release treatments include:

a. Cleaning - A release treatment made in an age class not past the sapling stage in order to
free the favored trees from less desirable tree species of comparable age.

A cleaning might be applied to release young ponderosa pine stands from competing juniper
trees or oak sprouts in the southwest; or to free white pine from overtopping by inferior
hardwoods such as aspen, in eastern regions (Fig. 3.1).
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Figure 3.1. Cleaning treatment. (Graphic (modified) from Daniel, T. W.; Helms, J. A.; Baker, F. S. 1979).

b. Weeding - A release treatment made in stands not past the sapling stage that eliminates or
suppresses any undesirable vegetation regardless of crown position and may include grass,
vines, or shrubs. Undesirable competing vegetation in the southwest includes oak, grass, or
locust; and in the northwest may include mountain and vine maple. This term is typically
used to describe a more thorough removal of all plants competing with the crop species
regardless of whether their crowns are above, beside, or below the desired trees (Smith,
1997).

c. Liberation cutting - A release treatment made in a stand not past the sapling stage to free
the favored trees from competition with older, overtopping trees (Fig. 3.2). This treatment
differs from a cleaning in that the trees removed are from a much older age class. This
method may resemble the final removal cuttings of the seed-tree or shelterwood regeneration
methods. The difference however is that generally undesirable trees are removed, rather than
ones left intentionally for seed and or additional growth.

Liberation cuttings often yield low harvest volumes per acre, and may be passed over within
a treatment area for that reason. However, they may be one of the highest priorities for
treatment if the understory will not only be liberated, but protected from pathogens such as
dwarf mistletoes.
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Figure 3.2. Liberation Cut. (Graphic (modified) from Daniel, T. W.; Helms, J. A.; Baker, F. S. 1979).

2. Improvement Cutting. This is a cutting made in a stand beyond the sapling stage for the
primary purpose of improving composition and quality. Trees of undesirable species, form or
condition are removed from the main canopy. The need for improvement cutting often results from a
lack of an earlier application of a needed release cutting.

Such cuttings are extremely important, and utmost care should be taken to mark the very best leave
trees. Little effort is needed to make dysgenic selections and degrade the stand genetics while a
great deal of effort is required to increase genetic potential (Howe, 1989).

3. Thinning. Thinnings are cuttings made in a stand between regeneration and final harvest to
reduce stand density for the purpose of stimulating the growth of remaining trees to increase the
yield of desired products, enhance forest health, or recover potential mortality. Its primary focus is
on growth redistribution on the selected leave trees. Traditional emphasis has been on release, but a
silviculturist needs to be forward looking and specify a thinning to maintain already good growth as
well. Thinning may not increase total stand yield, and in fact may reduce it if treatments are severe,
but it will increase certain merchantable products and thus total stand value. Unlike site quality or
precipitation, density can be controlled easily and profitably (Zeide, 2008 Web Site).

a. Stocking and Stand Density. These two terms are sometimes used interchangeably, but
each has a distinct meaning necessary to convey particular silvicultural concepts. Density is
guantitative, such as the number of trees per acre, basal area per acre, or volume per acre.
Stocking is a relative term comparing what is there (density) with an optimum that is set by
management objectives and usually expressed as a percentage. Assuming that full stocking
has been determined for a given site, 325 two-inch trees per acre might represent full
stocking on one site and 80% stocking on a better site. Stocking also considers distribution
or tree placement within a stand.

Typically, in natural stands, high stocking percentages imply very high densities.
Conversely, low stocking figures generally, but not always, imply lower average stand
densities. A low stocking percent with a high average tree/acre count would imply that the
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stand has a large amount of unstocked area with clumps of very high density.

b. Methods of Thinning. Historically, foresters have recognized four distinct methods of
thinning to determine which trees to favor and which to remove. A fifth method, free
thinning, can be any combination of the other four methods applied simultaneously in a
single operation, usually in stands of irregular structure (Smith et al. 1997, pg. 99). For the
first three, foresters select trees to cut or leave based largely on crown position (Nyland,
2002, p. 409). While each method is briefly mentioned below, it is recommended that that a
silviculture text be consulted for further information on the intricacies how each method
influences natural patterns of growth, development, structure, and yield.

(1) Crown Thinning - The removal of trees from the dominant and co-dominant crown
classes in order to open the canopy to favor the best trees of those same classes (Fig.
3.3). This is usually applied where intermediate and suppressed classes are minimal or
their removal would provide little benefit to the upper crown classes. Remove
dominants with poor crowns or stem form to prevent dysgenic effects. In any crown
thinning, it is usually best to identify the final-crop trees and then eliminate the most
vigorous competitors of each (Smith, 1997) to prevent dysgenic effects.

Before Crown Thinning After Crown Thinning

Figure 3.3. Crown Thinning — favors the best within the same canopy class.

(2) Low thinning - The removal of trees from the lower crown classes in order to favor
those in the upper crown classes. Figure 3.4 depicts a light thinning from below. This
method simulates mortality by cutting the weakest, overtopped trees which would die
first. The focus is on the trees that have the greatest potential for growth. A heavy low
thinning simplifies the stand structure of even-aged forests by removing the smallest
trees. Low thinning has application in areas prone to drought in that it protects some of
the larger trees which might otherwise succumb to drought-induced mortality due to
competition.
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Before low thinning
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After low thinning
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Figure 3.4. Thinning from below favors the upper canopy classes. (Graphic (modified) from Baker,

1950).

(3) Selection Thinning. Selection thinning, or thinning of dominants, is a treatment
designed to carefully and thoughtfully remove selected dominant trees in order to
stimulate the growth of desirable trees in the lower crown classes (Fig. 3.5). Selection
thinning differs from and has no relationship to the selection method of regeneration
applied to uneven-aged stands and the silviculturist must be familiar with the different
objectives of both to avoid semantic confusion. Selection thinning, if not used with
great care, can very easily lead to the destructive practice of high-grading by releasing
trees with less than optimum vigor or poor-quality stems by removing the best. Many
current texts on silviculture address this method of thinning and of the problems and
concerns one should astutely be aware if choosing to implement this method.

Selection thinnings are best implemented as early as possible in the life of the stand and
replaced by other thinning methods as soon as the crop trees approach the dominant
position (Smith, 1997). In the most common use, low-value species or poorly formed
dominants (wolf trees), are removed to favor quality crop trees chosen from the highest
possible level in the stand. This type of thinning will have the most application in
hardwood forests where species grown for furniture-grade clear wood is desired and
where the codominants and the intermediates have grown tall yet have fewer branches
than the dominants. Codominants with a higher first fork would be favored in the
thinning.

In stands of shade-tolerant species with strong epinastic control such as spruce and true
firs, dominants are removed to favor codominants with enough live-crown (at least 30 —
40 percent) to respond. Epinastic control is the control exhibited by a trees terminal bud
over the length and orientation of lateral branches. When the terminal bud of many
conifers (including Douglas-fir) is lost, the uppermost lateral branches grow upward and
reassert epinastic control. Stands of intolerant species cannot withstand more than one
or two selection thinnings before most of the trees capable of useful response are gone
(Smith, 1997). In shade-tolerant plantations, selection thinning followed by artificial
regeneration may occasionally be part of a long-term approach to minimize any
unintentional dysgenic effects (Nyland, 2002, p. 418).
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Caution is again emphasized if selection thinning is being considered. This kind of
cutting can lead to a stand of poor trees that cannot be harvested economically (Smith,
1997).

An example of selection thinning taken from Smith, 1997. (-) indicates cut tree.
Rouah.

Figure 3.5. Selection thinning.

(4) Geometric (Proportional) Thinning - This type of thinning removes trees in rows,
strips, or with fixed-spacing intervals with no regard for their species, position in the
canopy, vigor, or form. This is the least desirable type of thinning because form,
phenotypic quality, and species composition are at best neutral after treatment. It may be
justified in uniform, healthy plantations or in previously unthinned, extremely dense
stands where other thinning methods are cost-prohibitive; there is little or no product
recovery; and the work can be accomplished by using machinery at a reasonable cost.

E:
SN i

Row Thinning Fixed Spacing Thinning

Figure 3.6. Two examples of geometric thinning.
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Fixed-spacing thinning is generally applied only to overcrowded, young stands that have
developed from dense natural regeneration or artificial broadcast seeding. Ordinarily
geometric thinning is done only in the first thinning of the stand and sets the stage for
subsequent selective thinnings, especially where machines can maneuver in less dense
stands. Figure 3.6 shows examples of geometric thinning.

(5) Free Thinning. This method releases selected crop trees by using a combination of
the above thinning methods. The free thin, also known as the free selection method, is a
form of uneven-aged management that recognizes the forest and each stand as a mosaic
of conditions and tree groupings, and applies the desired forest treatment objectives
appropriately to each encountered condition and grouping. For example, over-mature
groups of trees may be removed as a group or thinned to a seed-tree configuration in
order to promote shade-intolerant regeneration. Adjacent to one or more of these groups
there may be maturing groups of trees in need of commercial thinning in order to
redistribute growth to the residual trees. Adjacent to the maturing groups there may be
juvenile components of trees that are in need of both overstory release and
precommercial thinning. The free thin method takes full advantage of the variability of
the forest, but requires a very well trained forester to apply the treatment on the ground.
This method is applicable in all situations where uneven-aged management is intended
and where a variety of stand conditions exist (e.g., stands that are irregular in age,
density or species composition) so that using only one method is not appropriate. Even
though “free thinning” may be the method, the silviculturist should use technical
terminology to convey as much of the thinning description as possible. “Modified
crown thinning,” “crown and selection thinning,” or “crop tree release” would be more
informative terms.

c¢. Thinning Regimes. This refers to the interaction among the post-treatment density; the
timing and interval between future treatments; and the type of thinning employed. Regimes
affect not only stand yield and value through time, but also individual tree architecture such
as taper, bole quality, and crown ratio.

(1) Density or Spacing. The objective of thinning is to keep the site as fully occupied
as possible through time while vigorously growing the desired product. The stand will
be kept in a density range by reducing tree numbers as trees grow in size. Foresters can
use available stocking or relative density guides to monitor when the stocking rises
above some predetermined threshold. Consideration of the desired average stand
diameter (quadratic mean diameter, not simple mathematical average) at the next entry
and the timing of that entry must be given when applying spacing guidelines.

In his ninth edition of The Practice of Silviculture, Smith (1997) describes some “rules
of thumb” regarding spacing of the trees left after thinning. According to the “D + x”
rule, the average square spacing in feet should equal the average stand diameter D in
inches plus a constant x. The values of x that are suggested for various situations range
from 1 to 8, with 6 being the most common. The rules of this form provide for steady
increases in basal area. The “Dx” rule provides for constant basal area; the values of the
factor x for basal areas of 90 and 120 square feet of basal area per acre are 1.61 and 1.4
respectively.
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Another way of regulating tree spacing described by Smith is to set the average spacing
equal to a constant fraction of the height of the dominant trees. It has been suggested
that the spacing for tolerant species such as spruce and fir be one-sixth of the height and
that for intolerants such as red and jack pine be one-fourth of the height (Smith, 1997).
Note that dominant height is an excellent indicator of stage of stand development and,
unlike DBH, is independent of the effects of thinning.

Detailed consideration of density, site utilization and density management is given in the
section entitled “Site, Site Utilization and Thinning Decisions” following this thinning
regime discussion.

(2) Timing Considerations. Thinning schedules are based partly on the best
biological, economic and mathematical analysis available and partly on intuitive art
designed to integrate these considerations (Smith, 1997). The following is a partial list
of items the forester must consider when formulating the timing of treatments, or the
“when to thin,” for the thinning regime.

(@) Merchantable threshold size and markets. The opportunity to remove smaller
roundwood products or hog fuel in a stand targeted primarily for sawlog production will
alter the timing and intensity of thinnings. The smaller the material that can be sold, the
earlier, more frequent and less intense thinning may be, while still being profitable.

(b) Vigor and health. Does the subject stand have enough vigor to respond to treatment?
While some low-vigor stands might be candidates only for a regeneration treatment,
others may be close enough to the merchantable threshold that a thinning will be cost
effective even though release may only be moderate to poor.

(c) Current stand density. This must be viewed in terms of where the stand should be at
the next entry, given the current and projected growth rate and time to next probable
treatment.

(d) Site class. High sites with faster growth may require more frequent stocking
adjustments than do poor sites.

(e) Onset of suppression. It is desirable that the first thinning occur prior to
suppression, unless some special bole quality objectives can be met by allowing stem
crowding. Very early, intense suppression can reduce visible differentiation (g), below.

() Administrative capability to revisit the site. If it is not practical to do stand tending
more often than every 25 years, current spacing should reflect that the stand not
approach suppression by the next entry.

(9) Differentiation. Several factors influence the competing process of differentiation
into crown classes.  Among these are silvical differences among species, genetic
variation, microsite variability, and average site quality. Some delay in initial thinning
might be considered appropriate if it will aid in spotting tree dominance by the marker or
thinner.
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(h) Species. Intolerant species will be less likely to withstand suppression or a delay in
treatment than would a mid-seral or climax species for the site.

(i) Commercial thinning costs. If costs of treatment are high due to terrain or other
limitations, wider spacing with longer time intervals between treatments may be the
most economical approach. Heavy, infrequent thinnings will tend to reduce total yield,
but may be the best financial choice.

(k) Windfirmness and breakage. If thinning is too severe in stands where suppression is
too advanced and the height-to-diameter ratio is high, there will be an increased
likelihood of stem breakage and windthrow. In such a stand, a closer spacing with a
return on a shorter time interval, if needed, is advised. Note: stands in this condition
typically release slowly (if at all) and tighter spacing along with a standard return
interval may work out fine.

(I) Operability. For commercial thinning, consider damage to the reserve stand. While
a 12’ by 12’ spacing may be ideal, mechanized equipment available may require a 16-
foot spacing to keep residual tree damage at acceptable levels.

(m) Other resource needs. The need to maintain big game hiding or thermal cover may
require density and timing adjustments.

(n) Relative financial returns. Prescriptions written for unmanaged stands typically
have a compelling forest health, vigor or related issue that dominates the decision
process. However, treatment decisions in semi-managed or fully managed stands often
present alternate and viable regimes that need to be analyzed and compared.

When comparing alternative regimes, an investment analysis is an essential tool. It levels
the “playing field” with regards to the timing, amount, and value of yield and costs so that
the ‘best’ regime is evident in terms of current dollars. When using financial tools, the
assumption is that ecological and social side boards have already been imbedded into the
decision matrix and yet there remains doubt that may be resolved in economic terms. While
foresters often talk of biological yield optimization, it is financial yield that is most relevant
where wood production is a commercial venture.

There are several decision tools available including Net Present Value (NPV or PNV =
present net value of benefits — present value of cost), Benefit/Cost Ratio (BCR = present
value of benefits + present value of costs), Internal Rate of Return (IRR = the discount rate
that sets the present value of the benefits equal to the present value of the costs), or
Composite Rate of Return (CRR). These tools/formulas are good for comparing options
for a single rotation of an even-aged system. Comparisons could be between natural
regeneration using a shelterwood versus a clearcut that must be planted, or might simply be a
comparison of two thinning intensities at the same point in time.

Soil Expectation Value (SEV) analysis is used to value land, but is essentially the net present
value of a particular treatment regime, start to finish, repeated into infinity.

(3) Type of Thinning. The thinning method prescribed at any point will be the most
intuitive of the three aspects of decision making. It will largely be a function of the
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structure and species composition of the stand, as one considers what to leave and what
to remove to promote the crop trees of choice.

d. Site, Site Utilization, and Thinning Decisions. “In spite of generations of attempts, it
is not possible to precisely define how dense any stand should be left after each of a series of
thinning (Smith, p. 100, 1962)”. This statement, made over 45 years ago, still stands today.
The problem in part stems from the great numbers of variables with which foresters must
contend. Site specific stocking and density data that are verified over long periods are rare
and often compromised by study design defects or unclear assumptions.

Determining desired site occupancy (number of trees, size, and species) at a particular point
in time assumes some prior knowledge of where full site occupancy begins, what constitutes
maximum site occupancy, and how both relate to growth and yield. Attempts to develop
stocking guides and thinning schedules without the ability to precisely define the optimal
relationship between stocking and growth can be frustrating. This coupled with varied site
guality and the variables mentioned above, means that guidance may be sketchy in some
locales. The lack of published stocking and growth data for an area should not be an excuse
to bypass a needed treatment. Following are a number of concepts and tools that will aid the
silviculturist in taking an analytical approach:

(1) Simple field measurements. Armed with some basic stand dynamic principles and
an increment borer, the silviculturist can go a long way towards stand improvement.
Field observations of radial growth and crown spacing will suggest the need for
treatment, if not the actual spacing. The relative pattern of radial growth (declining,
constant, or increasing), combined with the probable time until the next entry will also
help determine if a thinning is due now or could be postponed. Be careful that weather
data are included in the analysis; otherwise, weather patterns rather than density
influences might be measured.

(2) *“Langsaeter’s Plateau.” In 1941, Langsaeter proposed the generalized curve
shown in Figure 3.7 that shows the relationship between stocking density measured in
cubic volume (x axis), and growth in cubic volume (y axis). This curve suggests that
once a stand is beyond a certain density, the yield of the stand will not vary much and at
some point, typically 55% relative density, crowding causes significant density-induced
mortality. The actual quantitative curves will vary by site, species and age, but the form
of the curve is what is most useful. The combined use of “Langsaeter’s Plateau” and a
relative density formula can supply some helpful starting information.
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Volume increment

Growing stock

Figure 3.7. Langsaeter’s Plateau.

Relation between volume increment (growth cubic feet per acre per year) and
growing stock (volume per acre), as hypothesized by Langsaeter (adapted from

Braathe 1957). Roman numerals denote Langsaeter’s “density types.”

Recent work on extremely high sites in the Douglas-fir region of the northwest suggests
that gross and net growth may continue to increase in Zone 1ll, suggesting that on these
sites the ‘plateau’ may be a gently inclining slope and wider than originally thought,
with the beginning of the density-related Zone IV yet to be determined. However, on
more moisture-limiting sites, this relationship is deemed to be a valuable one.

(3) Stand Density Index (SDI). A density index such as the Stand Density Index
(Reinecke 1933) is a useful tool to help estimate a probable thinning level. In even-aged
stands, SDI can be calculated using the quadratic mean diameter and the number of trees
to find the stand density index of the stand:

SDI = TPA * (stand dbh / 10) A%

This equation calculates stand density with any combination of size and density and re-
expresses it as if the stand had an average diameter of 10 inches.

The highest possible relative density for a given species is termed Maximum SDI
(SDImax). Since the maximum SDI has been determined for numerous species, one can
calculate the current relative density (actual SDI / SDImax) and also estimate where the
stand will grow in average diameter, and thus basal area, in a fixed time period.
Researchers including Drew, Flewelling, Long, Reinecke, and others suggest specific
“zones” of density which will implicate the need for treatment (see Table 3.8). These
zones are not hard and fast but rather tend to be thought of as bands or ranges that allow
for some first approximations of treatment schedules.
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Zone

Relative Density

Description and Theory of Growth (Silvicultural Significance)

0-15%

Prior to crown
closure

Site not fully occupied - no competition

Individual tree growth near maximum and unaffected by stand
density (free growth period)

Stand volume growth (net and gross) increasing across range and
proportional to stand density (site potential underutilized)

16 - 30%

Crown closure and onset of inter-tree competition
Individual tree growth decreases with increasing stand density
Stand volume growth is increasing.
Stand growth increases at a decreasing rate
Crown closure starts: 25% SDImax

31 -55%

Site is fully occupied
Trends as in Zone |1 continue.
Reductions in tree growth are considerable as tree numbers
(stand density) increase.
Net and gross stand growth relatively constant and modest across
range.

Lower limit of full site occupancy: 35% SDImax

> 55%

Zone of Imminent
Mortality

Density-dependent mortality (self-thinning) is imminent
Reductions in tree growth are considerable.
Gross stand growth is high, but net growth declines with density-
related mortality. Mortality is from insects and disease as well as
suppression.

Lower limit of self-thinning: 60% SDImax

Table 3.1. Density zone descriptions.

The intent is to keep an even-aged stand within Zone 111 most of the time, dipping into
Zone Il right after thinning. It must be remembered that these are only rough ranges.
For example, Zone Il may range from approximately 16% to 35%, or to as low as 25%
on the upper end. Also refer to figure 3.8 where the letters A — D correspond to zones |
— 1V, respectively.

Note from the figure that as the density of a stand increases, individual tree growth
decreases rapidly while stand growth continues to increase until it reaches a plateau at
which time mortality increases, causing a fairly rapid decrease in stand net growth.
(Stand Gross Growth = Increment + Ingrowth; while Stand Net Growth = Increment +
Ingrowth — Mortality).
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Figure 3.8. Growth-growing stock relations (Long, 2003).

A key factor in any density management regime is deciding upon the appropriate upper
and lower limits. These choices are directly dependent upon management objectives.
For example, if you want to delay self-pruning, you would set the upper boundary at less
than 25% SDImax. If you wanted to maintain vigor and avoid self-thinning, you would
keep the stand at less than 60% SDImax.

Density Management Diagrams (DMD) are simple graphical models of even-aged stand
dynamics (Long and Shaw, 2005) developed for mostly western species that can also be
used for designing a density management regime. An example is shown in Figure 3.9.
The most common application of DMDs is in determining what post-thinning density
will result in the type of stand desired at the next entry (Long and Shaw, 2005).

There are many measures of relative density and one should be familiar with what is
most commonly used in their area. For example, Drew and Flewelling (1979) have
included height as a way of incorporating the relationship between tree volume and
numbers of trees per unit at maximum density for Douglas-fir in the Pacific Northwest.
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Figure 3.9. Density Management Diagram for even-aged ponderosa pine stands (Long and Shaw, 2005).
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4. Sanitation and Salvage Cutting. These two treatments are
often applied in conjunction with each other; the combined
treatment is referred to as a Sanitation-Salvage cutting.

a. Sanitation. Sanitation consists of the removal of

(4) Regional Stocking guides created by other Agencies or private industry. These
guides, such as Buckman’s red pine bulletin (Buckman, 1962 and 2006), give yield
information for a variety of spacing regimes. Stocking guides have been developed for
most of the major forest cover types and species in North America. Virtually all of these
guides use number of trees or basal area per unit area as expressions of stand density
along with quadratic mean diameter as an index of stand development. Contact your
regional office or search the internet if you need assistance in acquiring these guides.

(5) CFI data. Analysis of this data may provide some preliminary clues as to the
relationship between growth and densities, as well as the upper levels of site occupancy.

(6) Uneven-aged Stocking Plots. These occur primarily in the western regions. Many
of them are currently more even-aged, or irregular, yet may be helpful in the interim in
the in the absence of any other data for even-aged stands. One study in the southeast is
the “Good Forty-Bad Forty” on the Crosset Experimental Forest in Arkansas. It has
nearly 70 years of yield information for uneven-aged stands of loblolly pine.

(7) Modeling. Both stand and individual tree models, especially if based on local or
regional growth measurements, will be helpful in establishing thinning regimes. Models
that accommodate a range of silvicultural treatments will allow the user to tie together
both stocking and timing of treatments, creating managed yield tables. The most widely
used model in the United States is the Forest Vegetation Simulator (FVS), supported at
the national level by the US Forest Service. Long term projection models should be
used with skepticism; their strength is in short projections and comparison of
alternatives.

trees to reduce the actual or anticipated spread of insects
or disease. In many cases economic return from the
harvest is not a high priority. An example might be the
removal of bark beetle brood trees before they affect
more trees or the removal of all visible and suspected
latent dwarf mistletoe in a stand.

b. Salvage. This method is used to harvest dead, dying,
or deteriorating trees to recover their value that would
otherwise be lost. Economic return is a main objective
of this treatment.

High Risk Trees Suitable
for Salvage

When prescribing an intermediate treatment, name the treatment after the primary effect
desired. It is obvious that a commercial crown thinning will have aspects of an improvement
cut, as the best phenotypes will be left, and may accomplish some sanitation objectives.
However, if the prime purpose of the treatment is to redistribute growth, it should be termed

a thinning.
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5. Other Intermediate Treatments. These are treatments other than cuttings that may take place
between the establishment of regeneration and the regeneration cutting.

a. Pruning. Artificial forest pruning is a silvicultural operation, distinct from ornamental
pruning, fruit tree pruning, and Christmas tree pruning, performed to improve wood quality
or to remove dead or diseased limbs. It is labor intensive, costly, and requires a certain
degree of judgment and skill. Pruning may be used to remove mistletoe infections from
young trees. Pruning is sometimes applied to increase the wood quality and value by
promoting the growth of clearwood on the lower boles of crop trees, particularly in short
rotation crops.

There are many additional benefits that are related to the changes in stand structure that
result from forest pruning. Pruning, in conjunction with thinning, can be prescribed to
perpetuate the growth of understory vegetation and thereby enhance wildlife habitat. The
growth of some food and medicinal plants may be improved as a result of increased light
reaching the understory following pruning. Pruning may be prescribed to control white pine
blister rust infections and alter microclimate in five-needle pine stands. Pruning can be done
to remove dwarf mistletoe infections from young trees. In addition, hazardous fuel reduction
prescriptions often include pruning to remove ladder fuels.

Acrtificial pruning is expensive enough that is must be limited to a small number of trees per
acre and there must be a substantial premium for knot-free wood. This usually exists with
species that have wood suitable for cabinet work, interior finish, furniture, or high-grade
surface veneer. Ordinarily, the premium has been regarded as insufficient in the case of
species that are used primarily for framing timbers and building construction (Smith, 1997).

Commercial pruning has been demonstrated to be economically viable on conifers such as
white pine, red pine, loblolly pine and Douglas-fir. Other species such as ponderosa pine
may also be likely candidates. Interest in pruning has been cyclical over the years and
successful pruning requires a number of items to be in place, such as:

the ability to make substantial initial investments

o the ability to track stands through time based upon good record keeping
good sites - accrual of clear wood must be substantial enough to offset the capital
carrying costs of pruning. (i.e., costs may have to be carried 30 to 50 years)

o uniform stands or plantations of conifers with ample selection of ‘crop’ trees to
prune

e commitment to perpetual intensive management to support the pruning investment

o labor pool - hand labor has been shown to be more effective than mechanical means
substantial clear wood premium for future markets

The literature includes ample information on the technical aspects of pruning. Pruning in
conjunction with fuels treatments to reduce fire hazard is becoming a more common
treatment on trust lands.

b. Fertilization. The application of fertilizer in forests is usually done: (a) to maintain or
improve soil properties such as organic matter and the ability to supply nutrients, and (b) to
improve tree growth and yield. Remember that it is more effective to preserve soil
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productivity by careful implementation of silvicultural practices than to try to restore soils
damaged by intensive site preparation or severe fires, for example (Tappeiner et al, 2007).
Of all nutrient elements, nitrogen (N) is by far the primary growth-limiting nutrient in North
America. Fertilization is not a common practice on Indian lands, especially large-scale
commercial applications. Fertilization is expensive and because of this, the net gain from
treatment must be recovered and capitalized relatively quickly. It is typically applied within
5-7 years of a final harvest. Other considerations are:

Stands should be even-aged.

Stands should be uniform, without large holes.

Stands should be moderate to high in vigor.

Sites should be moderate to high in yield.

Local experts should be consulted to determine what types of geomorphology and

soil types will best respond to specific nutrient mixes. While nitrogen is usually the

limiting factor, this is not always the case. If water or phosphorous is the limiting

factor, adding N may not cause trees to grow. Additionally, adding N may actually

increase mortality due to Armillaria (Tappeiner et al, 2007).

e Good silvicultural practices should first be in place before fertilization is
contemplated.

e Stands selected for fertilization should be committed to future intensive practices.

In general, forest fertilization will not be practical on most trust lands. Regional experts
should be consulted for detailed recommendations when the silviculturist sees an
opportunity. Fertilization will more often be used as a spot treatment to repair, protect, and
enhance vegetative cover, such as on exposed soil, burned or degraded sites, or heavily used
areas.

While fertilization may not often be attempted on a commercial scale, tree and forest
nutrition should be on the mind of every practitioner. The type of silvicultural system or
intermediate treatment used and how it is implemented will affect both short and long-term
site productivity. Slash treatment or disposal method after a regeneration harvest or
intermediate cut will affect short-term nutrient capital, as the fine material captures the
greater part of those nutrients.

The relative nutritional effect of any treatment on future stand growth will be due to a great
number of factors including such things as soil depth, soil type, fertility, severity of
treatment (clearcut vs. low thinning), treatment type (burning, slash trampling, removal, etc)
rainfall, site severity, etc.

c. Prescribed Burning. Prescribed burning is a silvicultural technique or tool used to
accomplish some aspect of a regeneration or intermediate treatment, and as such, is an
integral part of the silvicultural prescription. The agency needs to work hard at coordinating
burning projects rather than separating forest management from fire management planning
and execution.

To maintain the control and ensure positive effects, foresters must plan why and how to
burn. The detailed prescription, based upon analysis of the site and its needs, should have
clearly stated objectives when fire is prescribed in forest stands. These might include: fuels
reduction; site preparation; or the reduction of an undesirable tree species or an over-
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abundant species.

If site preparation for seedling survival or seed germination is the objective, thought should
be given to the grass, forb and shrub species present, as well as the tree species to be
managed. Seasonal timing and the intensity of the burn will affect both, with possible
unintended consequences. The site: www.fs.fed.us/database/feis/plants, provides valuable
insight into plant response to fire.

d. Application of Pesticides. Broad scale application of pesticides occasionally occurs,
generally in conjunction with spraying for defoliators such as spruce budworm or tussock
moth. These projects typically cover large areas, are costly and affect numerous other forest
resources.

Because the need is created by catastrophic outbreaks, there will not be an environmental
document to tier from, and thus will require their own stand alone analysis. Input of a
number of specialists including entomologists, foresters, hydrologists, public, etc. will be
required. In some cases, inter-agency efforts should be considered.

Smaller scale operations may include brood tree or trap tree treatments, or the use of
pheromones to manipulate insect populations. These intense measures are only cost effective
if considered “holding actions” and are associated with near-term silvicultural treatments to
remedy the situation that caused the problem in the first place. For example, pheromone
trapping may be used in some instances as a stand-alone treatment designed to get
plantations to an age of resistance without excessive damage from pine shoot borer. If the
root cause(s) of the stand condition is not being addressed, then these types of treatments
should not be attempted.

e. Other Chemical Applications. Use of herbicides for site preparation and conifer release
may be the most cost-effective solutions for some sites; however, public perception of their
safety has generally limited that use on public and Indian forest lands. Chapter 5 (Forest
Development) covers this topic in more detail.

B. Two-aged Systems. Two-aged systems are relatively new additions to silvicultural terminology,
born out of