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This appendix describes the silvicultural systems available, the key site and stand
conditions found on the Tongass National Forest.  This appendix provides a
comparison of systems and anticipated results of each; then identifies the most
appropriate systems for given combinations of the above factors.  While the
indicated systems should be those most often used, it is not intended that other
systems should not be used when site conditions warrant or to test alternative
systems.

No single silvicultural system can produce all desired combinations of products and
amenities from a particular stand, or from a National Forest.  A good silvicultural
system is a solution to a specific set of circumstances; and it should fit logically into
the overall management plan for the forest.  The system must provide for the
control of damaging agents and provide adequate resistance to the same.  A
silvicultural system is developed from a stand-specific analyses.  The prescription is
designed to meet desired conditions and considers such issues as worker safety,
logging systems layout, pathogen and insect effects, animal populations, costs,
stand development and yield, fuels management, and so forth.

Each of the described systems has a sound scientific basis when applied
appropriately and matched to the management objectives and site conditions.
Factors other than the silvical or ecological limitations of the species weigh heavily
in the choice between even-aged, two-aged and uneven-aged management, and
the various regeneration methods or variations within each system; these may
include:

♦ Other resource values
♦ Management objectives
♦ Terrain considerations with its limitations on logging systems
♦ Presence or absence of dwarf-mistletoe
♦ Susceptibility to windthrow
♦ Susceptibility to logging damage
♦ Policy constraints.
♦ Socio-economic considerations

All silvicultural systems are available for site-specific project level design and
analysis.  Certified silviculturists usually make the site-specific project level
selection of silvicultural systems, which are evaluated through the NEPA process.
The choices are dependent on matching the attributes of the silvicultural systems
with specific management objectives, the ecological characteristics for specific
stands and species, and policy direction.

The Forest Plan provides direction on the appropriateness of some of the
silvicultural systems for specific Land Use Designations or provides standards or
guidelines modifying size, location and so forth of harvest units.  The selection of an
appropriate method depends on a number of factors, which may include:  1) the
physical limitations of the sites, 2) the species involved, and 3) other resource
considerations.
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Criteria for the selection of regeneration methods to be used on National Forests in
Alaska are in 36 CFR 219.27(b) and the Alaska Regional Guide (November 1983).
The selected method must meet all the criteria, which are:

♦ Be capable of meeting special management and multiple-use objectives
(36  CFR: Criteria 1 and 6; Regional Guide: Standard 2);

 
♦ Permit control of vegetation to establish desired species composition,

density, and rates of growth (36  CFR: Criteria 4 and 6);
 
♦ Promote a stand structure and species composition that minimize risks from

solar radiation, disease, and windthrow (36  CFR: Criterion 4, Regional
Guide: Standard 2);

 
♦ Use available and acceptable logging methods (36  CFR: Criterion 4,

Regional Guide: Standard 2);
 
♦ Assure that lands can be adequately restocked within 5 years(36  CFR:

Criterion 2);
 
♦ Be practical and economical in terms of transportation, harvesting,

preparation, and administration of timber sales (36 CFR: Criterion 7,
Regional Guide: Standard 2); and

 
♦ Not be selected solely on the basis of greatest dollar return or highest

output of timber, and not permanently reduce site productivity or impair
conservation of water and soil resources (36  CFR: Criteria 3 and 5).

This section describes the major silvicultural systems considered in land
management planning for the Tongass National Forest.  The discussion includes
the biological and managerial factors and the advantages and disadvantages of
various systems.  Much of the information also applies to selecting an appropriate
silvicultural system for a particular stand.

Silviculture is the art and science of manipulating forest vegetation to meet various
resource management objectives and desired future conditions.  Silviculture is
applied forest ecology.  Manipulating forest vegetation may consist of controlling its
establishment, composition, and growth.  Objectives may include aesthetics, water,
timber, wildlife, fish and recreation.  Wood production may or may not be a primary
objective.  For example, the vegetative manipulation methods used to improve
wildlife habitats in the forest are silvicultural.

Silvicultural systems refer to a complete set of treatments used to manage forest
stands1 and forest landscapes over long periods of time.  The systems used will
strongly influence forest conditions and the ability to provide the outputs society
desires.  A silvicultural system is the process of growing a stand for a specific
purpose; and it is the means of reaching a desired future condition.  This process
includes the harvest or regeneration of the stand, intermediate cuttings, and other
cultural treatments necessary for the development and replacement of the forest
stand.

                                                  
1A stand is a forest community possessing sufficient uniformity in composition, age, spatial
arrangement or condition, to be distinguishable from adjacent communities.
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Silvicultural systems are applied through prescriptions; which are written records of
the examination, diagnosis, and treatment regimes prescribed for the stand.  The
Forest Service, as documented in the Forest Service Manual, requires that all
silvicultural prescriptions be approved by a certified silviculturist.

Silvicultural systems are adaptations of natural occurrences.  Nature makes
"regeneration cuttings" by means of fire, insects, disease, wind, and other
phenomena; by removing a single tree, a small group of trees, a stand, or
sometimes a whole forest.  Diversity in landscapes is usually the result of
disturbance.  Disturbance descriptors are frequency, intensity, size, and type of
action.  Through the imitation of natural disturbance regimes, land managers can
achieve many ecosystem objectives, since many organisms and processes are
adapted to such regimes.

The regeneration methods or stand replacement method defines the name of the
silvicultural system.  There are four broad classes of regeneration cuttings, and they
are:  selection (single tree and group), seed tree, shelterwood, and clearcut. These
classes include a number of variations within each class.  A complete definition list
is at the end of this chapter.

The Forest Service currently groups regeneration methods into even-aged, two-
aged, and uneven-aged systems.  Clearcutting, shelterwood, and seed tree
regeneration methods create even-aged stands; selection and group-selection
create uneven-aged stands; and clearcutting with reserves, seedtree with reserves,
and shelterwoods with reserves will create two-aged stands.

Even-aged systems produce stands that consist of trees of the same or nearly the
same age.  A stand is even-aged if the range in tree ages normally does not exceed
20 percent of the rotation age--the age at which the stand is harvested.  Even-aged
stands have a beginning and an end in time.  Seed-tree cutting, shelterwood
cutting, and clearcutting will produce even-aged stands.  Some features of even-
aged systems are:  simplicity of harvesting, favorable economics, the removal of
great volumes per entry, the control of disease-such as hemlock dwarf mistletoe,
and the creation of conditions favorable for regeneration of Sitka spruce.

Stands regenerated by even-aged systems develop through distinct succession
stages.  There are even-aged stands of various ages and sizes distributed
throughout the managed forest. The system produces a stand-developmental
sequence much like that which follows stand replacement events such as
catastrophic windthrow. Landslides or avalanches.  The sequence may include
dense seedlings and saplings, thinned saplings, poles, small diameter trees,
medium diameter trees, and large diameter trees.  Consequently, even-aged forests
have relatively low vertical diversity (variety within a site); but they have a high
degree of horizontal diversity (variety across the landscape) and edge effect
diversity.  The forest is a mosaic of patches of trees and openings.  The low vertical
diversity is a result of the comparatively simple structure of the even-aged stand.
Vertical diversity can be developed with time-lengthened rotations or modifications
of standard even-aged harvest practices.  Ecosystem management does not mean
that even-aged systems are not appropriate methods.  The traditional use of the
practice may require some modification to incorporate some of the ecosystem
concepts.

Even-aged Systems
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Clearcutting method.   The clearcut method is the removal of all or most of the
stand in one cutting.  Clearcuts may be in the form of patches, strips, or stands2.
Natural seeding from adjacent stands or planting provides the necessary forest
reproduction.  With careful harvest techniques, much of the advanced regeneration
can survive the logging operation. The clearcut method mimics large-scale
disturbances such as windstorms or other stand replacement events.

A variation of the method is the retention of reserve trees which are left to meet
specified management objectives.

Much like the natural disturbance of windthrow, clearcutting re-initiates the process
of plant succession.  Invasions of forage plants and browse plants occur, followed
by the establishment of trees. Usually, the prime objective of this method is to re-
establish an even-aged stand by removing the mature or overmature one.

Where timber production was the primary objective, the clearcut method with
natural regeneration and follow-up precommercial thinning has been the primary
regeneration method on the Tongass National Forest.  The system usually provides
abundant regeneration, effective disease tree control, viable harvest economics,
and compatibility with the use of standard logging systems.  The regeneration
comes from wind-dispersed seed and from advanced regeneration that has
survived the logging operation.

Some advantages of the clearcutting method are:

♦ It permits longer cable yarding distances than would be practical in partial
cutting--permitting wider road spacing, reduced road costs, and less soil
disturbance caused by road construction.  However, road construction in
Southeast Alaska is terrain limited.  Roads can only be put in certain
locations and the location is generally indifferent to the regeneration
method.

 
♦ Exposure to the sun raises soil temperatures, which speeds decomposition

of the organic forest floor, thereby improving the productivity of the forest
site.  Alaskan soils in old-growth stands generally have low soil
temperatures, poor aeration, excess water, and deep humus mats.
Decomposition is relatively slow and can be a limiting factor in soil
productivity.

 
♦ Clearcutting favors regeneration of Sitka spruce because it reduces the

competitive advantage of the hemlock.  Spruce is more competitive in an
open environment; the increased sunlight favors the spruce.  In addition,
the logging operation will destroy some of the advance hemlock
regeneration and thus take away its initial advantage.

 
♦ It provides the greatest potential for eliminating residual overstory trees

(Western hemlock) infected with dwarf-mistletoe, which prevents infection
of new western hemlock stands.

 
♦ It eliminates the risk of blowdown residual trees because there is no

residual overstory.

                                                  
2Patch Clearcutting:  the stand is removed in a series of cuttings made in patches.  Strip
clearcutting:  the stand is removed in a series of alternate or progressive strips.  Stand
clearcut:  the entire stand is removed in a single cut.
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♦ There is no logging damage to standing timber.
 
♦ Logging costs are lower than other systems.

Some disadvantages of clearcutting are:

♦ Seedling distribution may be uneven and parts of an area may become
understocked or overstocked.  Overstocking is common on the Tongass
National Forest.  A study of natural regeneration began in 1954 on the
Maybeso Experimental Forest near Hollis, Prince of Wales Island, Alaska.
One cutting unit, which was one mile square (700 acres), was studied by
Forest Service researchers to determine seed dispersal.  Eight growing
seasons after logging began, the cutting unit, as a whole was well stocked.
However, the stocking was not uniform (Harris, 1967).

 
♦ Control of species composition is poor but can be improved through

planting.
 
♦ The chance of blowdown along cutting boundaries is increased, but can be

reduced through proper design of cutting units.
 
♦ Clearcutting tends to reduce protection from landslides.  Extreme hazard

slopes have been deleted from the timber base in the land suitability
process, which is documented in Appendix A of the Plan.  Surface erosion
is usually not a problem in southeast Alaska.  The surface organic mats are
very permeable, and rill or gully development will not usually occur unless
the mat is severely disturbed.  Mat disturbance is more a function of the
logging system rather than the regeneration method or silvicultural system.

 
♦ Clearcutting is aesthetically undesirable to some people, because of the

appearance of recently-harvested areas.
 
♦ Poor seed years may delay regeneration and growth conditions may

deteriorate rapidly from brush re-establishment.  This is generally not true in
Southeast Alaska; seed is generally abundant every year.

 
♦ The method has generated considerable public controversy.
 
♦ It could lead to a high degree of old-growth habitat fragmentation for

wildlife, especially if a staggered setting approach (cut blocks are dispersed
throughout the forest) is used.

Clearcutting Issue

In recent years, the appropriateness of certain regeneration methods has received
considerable public attention.  Clearcutting and the application of even-aged
management continues to be a controversial issue surrounding National Forest
management; it is the basis for numerous appeals, legal actions, congressional
inquiries, letters, and press coverage.
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The issues concerning clearcutting appear to consist of:

♦ To some forest visitors timber harvest is ugly; and clearcutting is the ugliest
of all harvest methods.  Therefore, they perceive it to be bad because of
the intuitive opinion that if it looks ugly then it is bad.

 
♦ The larger the opening created by clearcutting, the more suspicion there is

about our ability to mitigate potential watershed and wildlife impacts.
 
♦ Critics dispute the suitability and appropriateness of forest lands for timber

management.  To the critics, clearcutting is the visible means of intensive
forest management; and the issue of land allocation to timber management
is most likely to occur when clearcutting occurs on disputed land.

 
♦ The loss of old-growth and habitat fragmentation.

The controversy over the size of clearcut openings led to the National Forest
Management Act of 1976. The act established maximum size limits; and for the
hemlock-Sitka spruce type the limit is 100 acres (36 CFR 219.27(d)(2)).  However,
the Forest Supervisor may permit cut openings 50 percent larger than those
specified where larger units will produce a more desirable combination of net public
benefits (36 CFR 219.27(d)(2)(i) and Alaska Regional Guide, November, 1983).
Size limits exceeding 150 acres require 60 days' public notice and review by the
Regional Forester.  Congress expressed that:  1) even-aged systems are
appropriate only to meet the objectives and requirements of the Forest Plan; and 2)
clearcutting is appropriate when it is the optimum method(Public Law 94-588)

A significant concern about clearcutting continues to exist.  The language in the FY
1991 Appropriations Bill directs the Forest Service by 1995 to reduce the level of
clearcutting by at least 25 percent from FY 1989 levels.  The direction notes that
this reduction will occur according to Forest Land Management Plans, that this is an
overall national goal, and that it does not necessarily apply to a specific Forest.

On June 4, 1992, the Chief of the Forest Service issued a policy memo on
ecosystem management (Robertson, 1992).  In conjunction with the proposed
ecosystem policy announcement, the Chief stated that the Forest Service must
accelerate the reduction in clearcutting as a standard forest management practice
on the National Forests.  The reductions called for are national estimates of
implementing the policy, not  goals or objectives, and are not to be interpreted  as
applying to each Region or Forest.

The Chief stated in his policy letter that clearcutting is appropriate only where it is
essential to meet specific Forest Plan objectives and within the circumstances
outlined below:

1. To establish, enhance, or maintain habitat for threatened, endangered, or
sensitive species.

2. To enhance wildlife habitat or water yield values, or to provide for
recreation, scenic vistas, utility lines, road corridors, facility sites,
reservoirs, or similar development.

3. To rehabilitate lands adversely impacted by events such as fires,
windstorms, or insect or disease infestations.
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4. To preclude or minimize the occurrence of potentially adverse impacts of
insect or disease infestations, windthrow, logging damage, or other factors
affecting forest health.

5. To provide for the establishment and growth of desired trees or other
vegetative species that are shade intolerant.

6. To rehabilitate poorly stocked stands due to past management practices
or natural events.

7. To meet research needs.

The rationale for reduced clearcutting and the expected impacts are:

1. Public Attitudes.  There is a continuing and escalating public criticism of
clearcutting because of the public’s perception of the impacts of
clearcutting and its visual appearance.

2. Current scientific knowledge suggests that in many--but not all --
instances, substitute timber regeneration methods such as shelterwood,
seed tree, and individual tree selection are preferable to clearcutting in:

♦ Maintaining vertical structure of vegetation.
♦ Lessening degree of change in wildlife habitat conditions.
♦ Minimizing fragmentation.
♦ Retaining some attributes associated with old-growth forests.
♦ Minimizing risk of loss of soil productivity.
♦ Improving health and resilience of ecosystems and their basic

processes.

However, there are costs associated with reduced clearcutting that could
result in:

♦ More frequent entries into stands with attendant environmental
impacts.

♦ Reduction in optimum habitat for some wildlife species.
♦ Increased road construction and maintenance with associated

environmental impacts and increased costs.
♦ Reduction in the level of the timber sale program and reduced

revenues.
♦ Increased unit costs in timber sale preparation and administration,

which may exacerbate the below-cost timber sale issue.
♦ Increased investments for some timber companies for logging

equipment compatible with substitute harvest methods.

The rationale, as they relate to the criteria, for continued clearcutting on the
Tongass National Forest are:

1. Forest Health Reasons  (Chief's criterion No. 3)

♦ It is the most effective means of controlling hemlock dwarf-mistletoe.
Most old-growth stands at the lower elevations are infected with
mistletoe (Forest Service, 1991).  The removal of infected trees
interrupts the life cycle of dwarf-mistletoe and reduces the chance for
infestation of the future stand.  Leaving infected overstories will infect
regeneration in the understory.  Chemical and other natural means of
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control are still in the research stage.  Planting entirely to spruce would
not be desirable from a species diversity view point--see item 4.(36 
CFR: Criterion 4, Regional Guide: Standard 2)

 
♦ It eliminates the risk of blowdown as compared to methods that leave

standing trees.  However, the potential for windthrow increases along
cutting boundaries but can be reduced through proper design of cutting
units. (36  CFR: Criterion 4, Regional Guide: Standard 2). A survey of
blowdown on Prince of Wales Island indicated that of the 18,000 acres
of blowdown greater than 2 acres and occurring over a 15 year period,
only a little over 12 percent occurred accompanying clearcutting
(Harris, 1989).

 
♦ It eliminates the risk of stand damage.  The spruce-hemlock stands

consist of large trees that requires large size logging equipment.  The
large logs and large equipment can cause significant damage to a
residual stand. Spruce and hemlock tend to be shallow-rooted and
have thin bark and,  therefore, susceptible to damage (soil compaction
and tree bole damage) from ground-based systems.  Damage will
increase the incidence of wood decay and can lead to subsequent
losses due to windthrow and decay.  Clearcutting reduces these risks.
(36  CFR: Criterion 4, Regional Guide: Standard 2)

 
♦ It can improve productivity.  Alaskan soils in old-growth usually have

low soil temperatures, poor soil aeration, excess water, and deep
humus mats.  Decomposition is a limiting factor in autotrophic
productivity and soil disturbances from logging may improve
productivity (Spies et al, 1991).  The cold air temperatures and cold
soil temperatures do not favor decomposition of the organic forest
floor.  Exposing the site by clearcutting raises temperatures, which
subsequently speeds the decomposition of raw humus. In addition, the
deposits of broad-leaved leaf litter may help lessen acidity and aid
speedy decomposition, soil aeration, and fertility (Taylor, 1933).
Observations made near Hollis on Prince of Wales Island showed
summer air temperatures 2-9 degrees higher and soil temperatures 3-
13 degrees (F) higher in clearcuts (Gregory and James, 1955).
Decomposition will release nitrogen which is an important nutrient
usually lacking because of soil acidity and lack of decomposition.  The
conditions for spruce survival increase as the soils become less acid
(Taylor, 1933).  Western hemlock can tolerate acid conditions much
better than spruce and will out-compete spruce in shaded
environments.  (36  CFR: Criterion 5)

2. It favors spruce.   Spruce is more competitive in an open environment.
The logging operation will destroy some of the advance hemlock
regeneration and thus take away its initial advantage.  The increased
sunlight also favors the spruce. Spruce is desirable from a diversity
standpoint; and mixed stands of spruce and hemlock have higher yields
than pure stands of either species (Taylor, 1935).  (36  CFR: Criteria 4
and 6)

3. It requires less road development.   There is a need for less road
construction to remove a given amount of timber.  Clearcuts favor longer
spans that also allow for increased spacing between roads.  Stream
sedimentation from timber harvesting is largely a function of disturbance
from logging rather than the silvicultural system.  A major disturbance of
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timber harvesting is road construction.  A study in southwestern Oregon
indicated that erosion rates on roads were 14 times greater than those on
harvest areas.  In addition, various inventories have shown that roads
have been the major activity associated with accelerated shallow
landsliding.  However, proper forestry practices addressing drainage,
location, construction, and maintenance can minimize this risk.
Silvicultural systems that require increased roading can increase the
erosion hazard.  As roads are pushed into steep terrain, the construction
difficulty and hazard increase as the roads cut into erosive soils or
unstable slopes or encroach on stream channels (Burns, 1983).  (36  CFR:
Criterion 5)

4. It provides viable harvest economics.   The problems of steep terrain
will not go away.  Roading costs are high in Alaska, and there is a need
for moving heavy quasi-stationary machinery.  The high fixed costs
involved are chargeable to the acre that is logged and are difficult to meet
without spreading the cost over the largest volume of timber that can be
cut from a single road or yarding point, often a minimum of 2 million board
feet is needed per mile of new road construction.  (36  CFR: Criterion 3
and 5, Regional Guide: Standard 2)

5. It provides excellent natural regeneration.   Experience with
clearcutting since the 1950's has shown that, except for certain situations,
attaining natural regeneration is not a serious problem on the Tongass
National Forest.    Natural regeneration is abundant; the Ketchikan area
can average 3,000-5,000 stems per acre after ten years, Stikine 6,000
stems, and Chatham 14,000 stems.  Stocking control is usually necessary
between the ages of 15 and 20, and almost all sites require some degree
of stocking control.  Stocking control (controlling the number of trees per
acre) should increase the rate of diameter growth of remaining trees (tree
size has a significant impact on log values and harvest costs), improve
crown ratios, favor spruce, favor species (forage) or age classes that are
most valuable for wildlife, early thinning may increase windfirmness, or
achieve other multiple-use objectives. (36  CFR: Criterion 2)

6. It is compatible with the use of standard logging systems.   Highlead
logging is the predominant system used by industry in Southeast Alaska.
Highlead logging is primarily suited to clearcutting but the industry has
used it in other regeneration methods.  However, the system does not
have the needed control, and damage to the residual stand is almost a
certainty (Conway, 1976).  (36 CFR: Criterion 4, Regional Guide Standard
2)

7. It provides a viable timber management program.   Clearcutting allows
carrying on a timber management program of sufficient magnitude to
supply demand for timber, meet our contractual obligations to the long-
term Contractors, and support employment provided by the timber
industry.  It also permits the allocation of large parts of the Forest for other
than timber management purposes.

Seed-tree method.   The seed-tree method is the removal of the old stand in one
harvest entry, except for a small number of trees left singly, in small groups, or
narrow strips, as a source of seed for natural regeneration.  This method mimics a
large-scale disturbance, in which a few mature trees are left per acre.  The seed-
tree method is most appropriate to species that are shade intolerant, good seed
producers, resistant to windthrow and breakage, and have comparatively light seeds
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easily carried by the wind (Gray, 1990).  A variation of the method is a seed-tree cut
with reserves.  This method is same as above except there is no intent to remove
residual trees.

Some advantages of the seed-tree method are:

♦ When compared with clearcutting, there is a better distribution of seed .
♦ When compared to clearcutting, there is better control over species

composition.
♦ Exposure to the sun raises soil temperatures, which speeds decomposition

of the organic forest floor, thereby improving the productivity of the forest
site.  Alaskan soils in old-growth stands generally have low soil
temperatures, poor aeration, excess water, and deep humus mats.
Decomposition is relatively slow and can be a limiting factor in soil
productivity.

♦ Logging costs are low.
♦ Seed-tree cutting has slightly better aesthetics than clearcutting.
♦ Seed trees add vertical diversity.
♦ Species Diversity.  The natural regeneration capabilities of Alaska-cedar

are not will understood.  However, there is some evidence that suggests
that leaving seed trees can maintain the species on the site by natural
regeneration.

Some disadvantages of the seed-tree method are:

♦ It is limited to windfirm trees, and it is not feasible where seed trees will be
blown over by wind.

♦ Control of spacing and the timing in relation to the seed crop is difficult.
♦ Final removal of the seed trees is costly and regeneration damage may

occur.
♦ Soil protection is not much different than clearcutting.
♦ If seed trees are left, they may reduce the growth of the newly developing

stand.
♦ The seed-tree system is commonly limited to lightweight-seeded species.

Spruce and hemlock produced lightweight seed that is capable of being
blown long distances.  Winds in Alaska tend to be strong and occur often.

♦ It is inappropriate when the seed trees have infestations of hemlock dwarf-
mistletoe (a parasitic plant that can infect the hemlock regeneration).

Shelterwood method.   The shelterwood method involves the gradual removal of
the entire stand in a series of partial cuttings3 that extend over a fraction of the
rotation.  The establishment of a new stand occurs under the canopy of the old
stand.  Shelterwood cuttings mimic large-scale natural disturbances that destroy
most of the trees.  The residual large trees may provide seed and shelter the natural
regeneration from extreme heat and cold.  Hemlock and spruce lend themselves to
shelterwood cutting because both species can become established under a forest
canopy.  Heavy shade would favor hemlock, moderate shade would permit more
spruce and cedar and light shade would permit establishment of red alder.

                                                  
3Partial Cutting:  Any cutting in which only part of the stand is harvested.
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Some advantages of the shelterwood method are:

♦ It allows ultimate control of site conditions for the regeneration of even-
aged stands.  Through control of the number of trees left, the relative
degree of shelter and exposure can be adjusted both in space and time to
best meet the ecological requirements of the species being regenerated.

♦ Natural regeneration is usually more certain than from the seed-tree or
clearcut methods, because there is usually a more abundant source of
seed.  However, seed is generally abundant most years in Alaska, and
adequate or an overabundance of stocking is usually obtained from
clearcutting.

♦ Provides better protection of the site from landslides through retention of a
living root system.

♦ Superior to all methods, except selection, with respect to aesthetic
considerations.

♦ Provides the best control over species composition, amount, and
distribution by controlling the seed source.

♦ Shelter trees add vertical diversity.

Some disadvantages of the shelterwood method are:

♦ Logging costs are increased because of the returns to the same area for
smaller volumes, and the care that must be exercised to prevent excessive
damage to the residual trees.  Spruce and hemlock are highly susceptible to
damage and subsequent rot due to their thin bark.  For example, leaving
half the volume on the site would about double the per unit road cost
construction costs and increase yarding costs about 9 percent (slackline
yarding).

♦ It requires a fairly windfirm species, and it is not feasible where wind can
blow down the sheltering trees.

♦ Unavoidable damage to residual stand and reproduction occurs during
logging, particularly on cable ground.

♦ Shelterwoods are inappropriate when the sheltering trees are infected with
dwarf-mistletoe.  Regeneration would likely become infected with mistletoe,
and stand vigor would decline.

♦ Overstocking of regeneration may be expected.  Overstocking from
clearcutting is common in Southeast Alaska; this method could compound
the problem.

♦ It is difficult to maintain spruce in the understory because hemlock can
tolerate more shade than spruce.

♦ Growth rate of seedlings is slower under shade.
♦ It is inappropriate in overmature old-growth stands where trees are large.

Yarding the large logs can damage the residual stand; trees may suffer
from exposure or wind damage; and the removal of the overstory can easily
damage the regeneration (Ruth and Harris, 1979).
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Two-aged systems produce stands that contain two age classes for most of the
rotation.  The resulting stand may be two-aged or trend towards an uneven-aged
conditions as a consequence of both an extended period of regeneration
establishment and the retention of reserve trees that may represent one or more
age classes.  The overwood trees provide structural diversity and a biological
legacy.4

Clearcutting with reserves.   A clearcutting method in which varying numbers of
reserve trees are not harvested to attain goals other than regeneration.

Seed tree with reserves.   A seed tree method in which some or all of the seed
trees are retained after regeneration has become established to attain goals other
than regeneration.

Shelterwood with reserves.   A variant of the shelterwood method in which some
or all of the shelter trees are retained, well beyond the normal period of retention, to
attain goals other than regeneration.

Some advantages of two-aged systems are:

♦ Two-aged management regimes can produce stands of greater structural
diversity.  The structural diversity comes from the retention of green trees
and or snags.

♦ Green tree retention provides carryover structural components, which could
allow old-growth characteristics and structural attributes to redevelop in a
shorter time.  The method would be suitable where windthrow or mistletoe is
not a major problem and the terrain is suitable to logging.

♦ This method could provide much of the structural complexity of classic
uneven-aged systems while reducing the associated operational difficulties
(Long and Roberts, 1992); refer to following discussion on uneven-aged
management.

♦ This method retains some of the advantages of even-aged systems  while
attaining some of the features of uneven-aged systems.

Some disadvantages of two-aged systems are:

♦ This method can result in an immediate reduction in yield (trees left on
site), and there may be a long-term reduction in growth and yield.  Work on
green tree retention techniques by Long and Roberts (1992) in mixed-
conifer stands in Northern Idaho indicates that there may be a 20 percent
reduction in yield (one rotation) and an increase in harvest costs due to the
smaller average tree sizes.  Smaller tree sizes reduce value and increase
handling costs.  Work done by Birch and Johnson (1992) in coastal
Douglas-fir found a 6 percent-25 percent (multiple rotations) decline in
growth in future stands depending on the number of trees left, their size,
and rotation age of future stands.  They also found an increase in harvest
costs of 5 percent to 10 percent and a decline in present net value in
existing and future stands.

♦ The disadvantages of the shelterwood system would also apply to the
irregular shelterwood system.

                                                  
4 The structural components that are retained from the previous stand into the next stand
are often termed "biological legacies".  The structural components may be snags (dead
trees), coarse woody debris, and green trees.

Two-aged Systems
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♦ Because of the increased complexity, there is a greater degree of risk  in
logging (i.e., safety issues).

The susceptibility of Southeast Alaska forests to wind may limit the opportunity to
use some of the green tree retention techniques or regeneration methods with
reserves.  Wind is a major disturbance factor in 7 of 10 old-growth types on the
Tongass National Forest.  Although, the surveys of windthrow (Harris, 1985) on
Prince of Wales Island seem to indicate that windthrow was incomplete on about 50
percent of the affected acreage--10 to 39 percent of the tree cover was still standing
after the event.  This would seem to indicate that various green tree retention
techniques may have some merit.  What is lacking is knowledge on predicting, with
certainty, the stands where residual trees would not be windthrown after harvest and
what the possible rates of windthrow after cutting would be.  The Stikine Area of the
Tongass National Forest has done some green tree retention work (Cabin Timber
Sale on northern Mitkof Island); groups of trees were left in 6 clearcuts to mitigate
against the loss of wildlife habitat for certain species.  A study conducted by the
Forest Service in 1992 found that it was technically possible to accomplish green
tree retention by leaving groups of live trees and snags along yarding split lines.
The success of the technique was due to diligent sale administrators and
conscientious logging operators.

Many of the soils in Southeast Alaska are subject to podzol development.
Podzolized soils are characterized by high acidity, poor drainage, and low timber
productivity.  Ultimately, podzols may lead to the formation of bogs or muskegs
from sites that previously supported forests.  Scientific evidence (B.T. Bormann et
al, 1995) is showing that some soils in southeast Alaska depend on periodic mixing
of the organic layers and the deep mineral soil to prevent or correct podzol
formation.  Windthrow may have important ecological benefits by breaking up the
podzol layers and bringing mineral soil to the surface.  Leaving scattered green
trees, that would be windthrown, may have important ecological benefits.  Whether
they blow down or remain standing, the residuals will perform several ecological
functions important to the site.  If left standing, they contribute to wildlife habitat,
structural diversity, and visual variety.  If they blow over, they contribute to mixing
of mineral and organic soil layers.

Uneven-aged systems are methods of regenerating a forest stand and maintaining
a multi-aged and multi-layered stand structure by removing some trees in all age
groups and stratum either singly, in small groups, or in strips.  Overstory density is
regulated to avoid the suppression of understory trees and to maintain understory
vigor.  Uneven-aged stands have no beginning or end in time.  Selection cutting will
produce uneven-aged stands.  The features of uneven-aged systems are:  1)
complexity of harvesting, 2) the removal of relatively small volumes per entry, and
3) the creation of conditions generally more favorable to shade tolerant species
such as western hemlock.

Uneven-aged management regimes produce stands of high structural diversity
because of the intermingling of the different age classes.  The basis for the
regulation of the forest is the development and maintenance of a range of tree
diameters, with many trees in the smaller diameter classes and progressively fewer
in the larger diameter classes.  These forests have a high degree of vertical
diversity (within site diversity); but horizontal diversity (across site diversity) and
landscape diversity will be low (Emmingham et al, 1992).  The system produces
large blocks of continuous forest cover dominated by relatively mature trees; there
is a gradual reduction of shade intolerant trees and understory plants.

Uneven-aged
Systems
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Single-tree method.   Trees are removed individually, here and there, from a large
area.  Regeneration and intermediate cuttings usually occur in one operation; each
tree is evaluated for its contribution to the desired characteristics or structure of the
uneven-aged stand.  This method simulates natural disturbances caused by the
death of scattered trees.  Regeneration occurs under the partial shade of larger
trees, and seedlings must be able to grow in a shaded environment.  Sitka spruce
and western hemlock are adapted to grow in a shaded environment.  However,
heavily shaded environments will favor hemlock over spruce.  Under the selection
method, the stand always has some relatively old trees.  Stands managed under a
single-tree system are not closed canopy stands.  Stocking levels can vary from 50
to 75 percent of full stocking.  The reduced stocking levels promote individual tree
growth.

Some advantages of the single tree selection are:

♦ It is capable of maintaining an uneven-aged stand;
♦ Reproduction of tolerant species is easily obtained;
♦ Site protection is excellent with little or no exposure to insolation (exposure

to sunlight) and wind;
♦ Stands can be readily adapted to changing market conditions;
♦ This method usually has the highest aesthetic rating.

Some disadvantages of the single tree selection method are:

♦ Highly skilled people are needed to implement it.
♦ Logging costs are much higher because of the small volume per acre, the

frequent entries required for each stand, the complexity of the logging
systems, and the care necessary to hold damage to an acceptable limit.
Considering the limitations of terrain, the old-growth stand structure, and the
necessity for cable logging in Southeast Alaska, it may not be possible to
achieve minimal damage objectives.

♦ Crop trees are scattered throughout the stand.
♦ A more extensive road system is usually necessary to obtain the same

volume of timber obtained by use of other systems; increased roading could
lead to increased erosion rates.  Erosion rates are usually a function of the
harvest method and roading density or location rather than the choice of
regeneration methods.  A study in southwestern Oregon indicated that
erosion rates on roads were 14 times greater than those on harvest areas.
In addition, various inventories have shown that roads have been the major
activity associated with accelerated shallow landsliding.  However, proper
forestry practices addressing drainage, location, construction, and
maintenance can minimize this risk.  Silvicultural systems that require
increased roading can increase the erosion hazard.  As roads are pushed
into steep terrain, the construction difficulty and hazard increase as the
roads cut into erosive soils or unstable slopes or encroach on stream
channels (Burns, 1983).

♦ Pathogens that transfer readily from mature overstory to newly established
understory, such as dwarf mistletoe (Arceuthobium spp.), are particularly
favored by uneven-aged systems.

♦ Because of the  frequent entries, the boles and roots of residual trees may
be damaged from felling and yarding tall, large diameter trees with much
defect.  Damage done to root systems and trunks of the residual stand can
result in accelerated mortality of trees and overall deterioration of old-
growth stand.  This system has probably the greatest potential for causing
stand damage from harvest operations than any other method.  Hemlock
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and spruce are thin barked, shallow-rooted species highly susceptible to
logging damage.

♦ This method would favor hemlock over spruce regeneration.
 
Group Selection Method.   Trees are harvested in small groups, usually less than
about two acres.  The small holes simulate small natural disturbances and the
uneven-aged stand is a mosaic of even-aged groups.

Some advantages of the group selection method are:

♦ The regeneration in the small groups grows up under even-aged conditions
with better bole form.

♦ Harvesting is more concentrated so logging costs are lower than single-tree
selection.  Helicopter yarding may be the most appropriate harvest system
for this method in Southeast Alaska.  Because of terrain and soil conditions,
tractor logging is generally not practiced in Southeast Alaska.

♦ Harvesting in groups lowers damage to the residual stand, especially if
yarding is done by helicopters.

♦ Group selection tends to increase diversity of plants and animals because
of a temporary increase in shade-intolerant plants in the small openings.

♦ Intermediate cuts may be made less frequently without sacrificing diameter
class distribution, although composition may be affected.

♦ The small groups may be aesthetically more acceptable to some people.
♦ The small openings may be more favorable for spruce regeneration.

The disadvantages of the group selection method are the same as the single-tree
method but to a lesser degree.  The major limitations on its use are the operational
difficulties in the steep, rugged topography of the Tongass National Forest.  Getting
logs from the woods to the landing without causing excessive stand damage and
provide viable harvest economics are major operational difficulties that need to be
addressed.

Many critics of National Forest Management have suggested that the Forest
Service abandon clearcutting and other forms of even-aged management.  They
have also criticized other forms of even-aged systems, such as seedtree and
shelterwood.  "Seed-tree and shelterwood perpetuate an outmoded form of logging,
that are just as bad as clear cutting,"(Edward C. Fritz, coordinator of the Forest
Reform Network).  Others desire no timber harvest at all from the National Forests.

Some critics consider uneven-aged management the ultimate ideal.  This view may
ignore the following points:

1. The ecological characteristics of the species involved.

2. The limitations of topography and terrain.

3. The misinterpretation of stand structure.  Complex stands are often taken
as uneven-aged when they should be interpreted as stratified even-aged
mixtures.  Species in these types of stands grow at differing rates in
height and tend to segregate into different horizontal strata (Smith, 1970).

4. The presence or absence of damaging agents.

5. Economic feasibility.

6. Operational feasibility.
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7. The variation found in forest stands.

8. The multiple-use objectives that the Forest is to achieve.

9. Policy constraints.

The Forest Service has not formally tested uneven-aged systems in the hemlock-
spruce type of Southeast Alaska, but based on the silvical characteristics of the
species, the system has possibilities. The feasibility of applying alternative
silvicultural systems (i.e., alternatives to clearcutting), under Alaskan climatic and
economic conditions is debatable and will require additional study and experience.
Single tree selection and group selection cuttings that took place in Pacific
Northwest old-growth Douglas-fir and hemlock stands, during the 1930s, created
forests of crooked often diseased trees with little future timber value (Oliver, 1990
and Isaac, 1956).  Selective logging damaged the residual stand, windthrow was
excessive, and growth was poor (Isaac, 1956 and Wright et al, 1947).  The
“selective cutting” of the 1930’s was in part driven by the fact that the only trees
then economically harvestable were the biggest and best.  However, better results
may be obtained if this treatment is confined to vigorous stands and with retention
of the best trees; but this hasn’t really been formally tested.

Gludin (1996) reviewed a number of historical applications of uneven-aged
management--the Dauerwald in Germany, maturity selection in Douglas fir in the
1930-s-1950s, improvement selection in ponderosa pine (1930s-1950s) and the
selection method in Southern Pines (Coastal Plain lobolly-shortleaf pine, 1940s to
present).  He identified some factors that are needed to successfully employ the
method, and they are:

♦ The method works best when research has developed some expertise with
specific forest types.  This is not the case for southeast Alaska forest types.

♦ Success with this method has been in gentle terrain, a condition not typical
for southeast Alaska.

♦ Attention was paid to cutting the worst trees and leaving the best.
♦ An extended period of time-two decades or more-is usually required before

a reasonable, scientifically supportable assessment can be made of the
success or failure of the method in a given forest type.

Because uneven-aged management often requires frequent access by truck, the
logical approach is to develop a permanent road system to serve all the scheduled-
suitable lands in each management area.  Economics can neither rule nor be
ignored, but high fixed costs need to be spread over the largest volume of timber
that can be cut from a single road or yarding setting.  The Forest is mostly roadless,
and economic sale offerings often require a minimum of two million board feet per
mile (2 MMBF/mile) of new road construction.  Uneven-aged management will
require a high initial investment in roads in unroaded areas for volume removal at
the first entry.  The volume per acre from uneven-aged management would not
return sufficient revenues to maintain economic sale offerings.

Under current economic conditions, the current profitability or net revenue on land
managed for uneven-aged management varies from an average of -11,000 $/acre
on the Chatham administrative area to -7,200 $/acre on the Stikine administrative
area.  Profitability is revenue (pond log values) less logging costs, transportation
costs, road construction costs, an allowance for profit and risk, and Forest Service
administration costs.  Uneven-aged management practices are generally not
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economically viable, under current economic conditions, on the Tongass National
Forest.

Small patch cuts of 2 to 5 acres could be used to create landscapes consisting of
uneven-aged mosaics of even-aged patches without any large and visually
obtrusive harvest areas. These small patches could be managed by conventional
even-aged management techniques.  The major possible problems could be
mistletoe, windfall and a lack of soil disturbance if helicopter logged.  A mineral soil
or a mixed mineral and organic soil is usually considered best for spruce
germination (Harris, 1990).  However, these problems may be less serious, logging
damaged reduced, and intermediate silvicultural operations would be much
simplified in comparison to the various green tree retention schemes.  Aside from
possible increased losses to wind, mistletoe and possible limited edge effects,
yields would probably not be all that different in comparison to conventional
clearcutting.

Table G-1 displays a summary of the basic regeneration systems and possible
modifications of the basic system.  Traditional forestry practices of clearcut,
shelterwood, and selection have primarily focused on the regeneration of trees.
Within each basic method, there are a number of variations that can be employed
to achieve a wide variety of resource objectives.

Table G-1
Summary of Basic Regeneration Systems and Possible Modifications
to the Basic System (Smith, 1962 and USDA, Forest Service).

Basic Method Modifications to Basic Method
Clearcutting (1) Variations in size and shape of clearcut areas.

(2) Arrangements by which individual stands are clearcut in strips or
patches with a period longer than 1 year being taken to remove the
whole stand.

(a) Alternate Strips
(b) Progressive Strips
(c) Patches

(3) With reserves.  Reserve trees (pole size and larger trees providing >
5% but < 10% cover) are left within the clearcut to meet specified
management objectives.

Seed Tree (1) Group Seed Tree - seed trees in groups, strips, or rows.
(2) Reserve Seed Tree - Seed trees are retained for long periods of
time.  Regeneration is followed by maintenance of a two-storied stand,
which may be retained for the balance of the next rotation.

Shelterwood (1) Uniform Method-application uniformly over the entire stand.
(2) Strip Shelterwood-application in strips.
(3) Group Shelterwood-application in groups or patches.
(4) Irregular Shelterwood-similar to reserve seed tree, long-extended
regeneration period with or without spatial variations in cutting patterns.

Selection (1) Single Tree Selection
(2) Group Selection
(3) Strip Selection

Summary of
Silvicultural
Systems
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Stand conditions required for timber production are described by stand density,
stand structures, tree species composition, and growth rates throughout the life of
the stand.  Management of wildlife habitats or visual resources often requires
special stand and forest structural and functional characteristics that are not always
attainable over long periods of time with any single regeneration cutting method.
Table G-2 displays the regeneration methods that may achieve certain desired
forest characteristics; it should be noted that a wide variety of regeneration methods
can be employed to achieve a wide variety of stand structural characteristics.  Also,
it should be noted that even-aged systems can be used to achieve a wide variety of
stand structural and functional characteristics.

Table G-2
Preferred Regeneration methods to achieve certain forest structural
and functional characteristics

Method
Forest Character Even-aged Two-Aged Uneven-aged

Continuous Site
Occupancy with
Trees

Shelterwood,
Clearcutting, and
seedtree cutting
with reserves

clearcut w/reserves
seedtree w/reserves
and shelterwood
w/reserves

Single-tree
Selection

Mosaic of Forest
and Opening

Clearcut, Seed-
tree,

Clearcut and
seedtree with
reserves

Group Selection

Multi-storied Stand 1 clearcut w/reserves
seedtree w/reserves
and shelterwood
w/reserves

Single-tree and
Group Selection

Maximum Species
Diversity

Shelterwood,
Clearcut

clearcut w/reserves
seedtree w/reserves
and shelterwood
w/reserves

Group Selection

Large, Mature Tree
Character
(lengthened rotation
may be needed).

Shelterwood,
Seed-tree,
Clearcut, Seed
tree and
clearcutting with
reserves

clearcut w/reserves
seedtree w/reserves
and shelterwood
w/reserves

Single-tree and
Group Selection

Closed Canopy
(except in early life
of stand)

Clearcut, Seed-
tree, Shelterwood,
clearcut and
seedtree cutting
with reserves.

clearcut w/reserves
seedtree w/reserves
and shelterwood
w/reserves

3

Horizontal
Patchiness

2 Clearcut and seed
tree cuts with
reserves

Single tree and
Group selection

1 Can be developed through appropriate commercial thinning in young stands.
2 Can be developed in clearcuts, seedtree cuts, and shelterwood cuts through appropriate precommercial
thinning in young stands.
3 Crown canopy closures in normal uneven-aged management is 40 to 70 percent.  The reduced crown
closure is to improve stand growth.

Silvicultural
Systems and Forest
Characteristics
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There is a large amount of variability in the gene pool in the unmanaged forest.
Treatments that selectively remove trees could adversely affect genetic variability.
Harvest methods that remove the largest and highest quality trees--often called high
grading--could result in the regeneration being the product of remaining lower
quality trees, and possibly, slower-growing trees.  If regeneration is from a small
number of parents or isolated trees, there is an increased risk of reducing genetic
quality or increasing inbreeding.  Natural regeneration from a large number of
parents exhibiting desirable growth and form characteristics can maintain a broad
genetic base and move the genetic composition toward a higher frequency of
desirable traits.

Some possible consequences in the use of various natural reproduction methods
are:

♦ Clearcutting with natural regeneration.   This method generally maintains
the status quo; there is little effect on the genetic composition of the stand.
The genetic composition will be similar to the adjacent stands (the parents).

♦ Seed-tree cutting.   Through the selection of the best trees, this method
allows for the greatest opportunity for change in the genetic composition of
the future stand.  There is a low probability of the offspring being inbred
because the widely spaced trees are not likely related.  The danger of this
method is that the genetic base could be less if an insufficient number of
seed trees remains.

♦ Shelterwood cutting.   When compared to the seed-tree method, there is
less opportunity for changes in the genetic composition of the stand.
Selection pressure is less because more trees remain.  This method
presents the greatest danger of substantial increases in inbreeding levels
because neighboring trees are more likely to be related to each other.

♦ Selection cutting.   When compared to seed-tree and shelterwood cutting,
selection cutting has the least opportunity to change seed quality.  This is
due to the uneven-aged stand structure and the intermittent waves of seed
production and regeneration.  Proper application of selection cutting may
lead to an upgraded gene pool in terms of bole form and tree health, but
there may be difficulty in selecting for small differences in growth.  If
improperly applied, such as "high grading" the better trees and selecting
poorly among the lower age classes, selection cutting is likely to lead to a
lowering of genetic quality

The regeneration method must be compatible with available logging methods.
Acceptable harvest methods allow the harvest of the stand without excessive
damage to the desired remaining trees or to other resources.  The wide variation of
topography and vegetation on the Tongass National Forest, combined with various
land uses; dictates that both logging systems and transportation plans meet the
silvicultural constraints of stand tending or management, the physical spacing of
roads, unit shape, topography, and other resource needs.  The choice of silvicultural
system influences five important aspects of timber harvesting:

♦ Variability in sizes of harvested trees;
♦ Area to be harvested;
♦ Complexity of the harvesting treatments;
♦ The probability of causing significant damage to trees left in the stand; and
♦ The probability of causing long-term disease problems.

The first three influence harvesting efficiencies, and the other two affect the vigor,
tree stocking, and value of the remaining stand.

Genetic
Implications

Silvicultural
Systems and
Timber Harvesting
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There is wide size variation in trees harvested in each operation under the selection
system.  This results in a reduction in harvesting efficiency, because logging
equipment is dependent upon tree size.  Logging equipment must be sized to
handle the largest pieces in the stand.  Equipment that is sized for big trees is not
working efficiently when it has to handle small pieces.

Harvesting with the selection system is much less cost-efficient than for the other
systems.  More land is required in each operation to harvest the same desired yield
from the forest.

Harvest treatment complexity is also greatest with the selection system.  The
identification of trees or groups of trees to cut, determining felling patterns, felling
the trees in the designated areas, and removing the trees or logs out of the stand
without damaging the residual trees can be very difficult and costly.  Because of the
topography in Southeast Alaska, there is little choice in determining felling patterns.
The majority of the ground is fairly steep (greater than 40 percent slopes)  and
generally requires a sidehill felling pattern for safety.  The limited choices in felling
patterns reduces the options available to protect the residual stand.  Generally, only
helicopter and ground-based skidding systems are suited for selection cutting.  In
the selection method, cuttings occur as frequently as every five to ten years.  In
other systems, only the intermediate cuttings are as complex.  The regeneration
cuttings in the other systems are more straightforward operations.  Clearcutting is
the most efficient.

Logging damage to trees left to grow in the stand is typically greatest for the single-
tree selection system.  Selective harvesting of trees in dense stands without
damaging many remaining trees is very difficult, if not impossible, in most
Southeast Alaska situations, particularly on steep slopes.  Damaged trees are often
the entry site for wood-decaying fungi that may persist in the soil for long periods,
thus retaining their capacity to infect new trees.  These fungi reduce the
windfirmness, vigor, commercial value, and stocking of the remaining trees.

There is a significant difference in the record keeping, inventory, and project
administration required for uneven-aged systems versus even-aged systems.  The
detailed information needed to plan and carry out treatments, as well as the
frequency of treatments, make the uneven-aged systems more costly to manage.
Inventory information must be more accurate to prescribe harvest from several tree
classes.  To achieve this resolution in data collection, stands must be stratified to a
finer detail; many more stands must be inventoried, have records kept on them, and
be administered.

Key factors in the determination of appropriate systems on the Tongass National
Forest are:  existing stand conditions, silvical characteristics--that is the
reproductive habits and growth requirements--of the tree species, the operational
environment (physical and biological setting), economics, policy, social and political
setting, available harvest systems, and the management objectives that the Region
wants to achieve.

The forests of Southeast Alaska are predominantly old-growth forests generally
undisturbed by humans.  The Forest is largely roadless.  Most old-growth stands are
a mosaic of small groups of more-or-less even-aged trees arranged in complex
patterns.  Most stands usually consist of trees of advanced age, declining vigor, and
large amounts of defect.

Silvicultural
Systems and
Administration

Factors Influencing
Choice of
Silvicultural
Systems

Existing Forest
Conditions
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The national generic definition of old-growth (10/11/89) is:  Old-growth forests are
ecosystems distinguished by old trees and related structural attributes.  Old growth
encompasses the later stages of stand development that typically differ from earlier
stages in a variety of characteristics that may include tree size, accumulations of
large dead woody material, number of canopy layers, species composition, and
ecosystem function.

The national description of old-growth (10/11/89) is:  The age at which old-growth
develops and the specific structural attributes that characterize old-growth will vary
widely according to forest type, climate, site conditions, and disturbance regime.
For example, old-growth in fire-dependent forest types may not differ from younger
forests in the number of canopy layers or accumulation of down woody material.
There are various attributes that distinguish old-growth from young growth, and they
are:

1. Large trees for species and site.

2. Wide variation in tree sizes and spacing.

3. Accumulations of large-size dead standing and fallen trees that are high
relative to earlier stages.

4. Decadence in the form of broken or deformed tops or bole and root decay.

5. Multiple canopy layers.

6. Canopy gaps and understory patchiness.

In addition:

1. Old-growth encompasses both older forests dominated by early seral
species, such as fire dependent species, and forests in later successional
stages dominated by shade tolerant species.  Rates of change in
composition and structure are slow as compared to younger forests.
Different stages or classes of old-growth will be recognizable in many
forest types.

2. Sporadic, low to moderate severity disturbances are an integral part of the
internal dynamics of many old-growth ecosystems.  Canopy openings
resulting from the death of overstory trees often lead to patches of small
trees, shrubs, and herbs in the understory.

3. Old-growth is not necessarily "virgin" or "primeval."  Old-growth could
develop following human disturbances.

4. The structure and function of an old-growth ecosystem will be influenced
by its stand size and landscape position and context.
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The Forest Service plus several cooperators recognize ten (10) distinct old-growth
forest types for Southeast Alaska (USDA, 1992).  The types correspond closely to
the Society of American Foresters cover types and the Forest Service plant
association series for major forest species with further refinement primarily on soil
drainage.  The ten old-growth forest types are:

Sitka Spruce-alluvial (SS-AL)
Sitka Spruce-other (SS-O)
Western hemlock-well drained soil (WH-WD)
Western hemlock-poorly drained soil (WH-PD)
Western hemlock/western redcedar-well drained soil (WH/WRC-WD)
Western hemlock/western redcedar-poorly drained soil (WH/WRC-PD)
Western hemlock/Alaska-cedar (WH/AC)
Mixed Conifer (MIX CONIFER)
Mountain hemlock (MTN HEM)
Shorepine (SHOREPINE)

Sitka Spruce-Alluvial.   This type is abundant throughout Southeast Alaska below
1,700 foot elevation.  Most stands occur on floodplains or alluvial fans below 850
foot elevation.  This forest type usually occurs with riparian habitats where it
provides bank stability, cover, and woody material input into streams.  Devils club,
currant, and salmonberry fruit production are relatively high.  Snags, though few,
tend to be large and can provide excellent habitat for cavity dwellers.  Sitka spruce
dominates the stand with western hemlock, red alder, and cottonwood occurring.
Stands are relatively open grown with tree canopy cover typically ranging from 30 to
60 percent.  This type is typically multi-layered, with mid-canopy layer trees growing
in the open, and contains very large and tall spruce.  Natural regeneration of spruce
is sporadic and usually occurs only on microsites.  Down material that serve as
"nurse logs" is critical to conifer regeneration.  Windthrow and stream channel
meandering are common disturbance forces in this type. (PA Codes:  320, 330,
335, 340, 350, 351, 352, 353, 370, 380)

Sitka Spruce-Other.   This old-growth type can be found throughout Southeast
Alaska below 1,500 feet elevation.  The soils are generally deep, mineral, and well-
drained.  Most stands occur on colluvial (rock debris accumulated at the base of a
cliff or slope) slopes below 500 feet elevation.  This type includes two distinct
ecological communities: the upland spruce plant associations and the spruce-reed
grass associations that generally occur as beach fringes.  Sitka spruce and western
hemlock dominate the overstory of old-growth stands, with other tree species
occurring in small amounts.  Tree canopy cover often ranges from 70 to 80 percent,
is typically multi-layered, and contains large branched, deep-crowned hemlock and
spruce.  Western hemlock is the dominant understory tree.  Disturbance patterns
are quite different for the two major plant groups of this type.  The reed-grass
associations are subject to severe storm and salt spray while the upland sites occur
with steep terrain and soil and snow movement.  Natural regeneration of spruce and
hemlock can be dense. (PA Codes:  310, 345, 355, 360, 395)

Western Hemlock-Well Drained.   This type is common throughout Southeast
Alaska below 1,500 feet elevation on deep well-drained soils.  Most stands occur on
colluvial foot slopes. Western hemlock dominates the overstory and understory.
Other tree species may occur in small amounts.  Tree canopy cover often ranges
from 70 to 80 percent, is multi-layered, and contains large branched, deep-crowned
hemlocks.  Windthrow is a common disturbance element; it can occur both as single
tree events and as catastrophic events.  Natural regeneration of spruce and
hemlock following disturbance is often dense.  Under natural disturbance regimes,
stand closure occurs between ages 30 and 40. Under these dense closed canopy

Tongass National
Forest Old-Growth
Forest Types
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situations, moss can dominate the understory to at least age 100.  If disturbance
exposes the mineral soil, red alder is likely to dominate the site for at least 50 years.
Large spruce and hemlock trees can effectively intercept snow on this type.
Understory vegetation is relatively abundant and generally available for forage
during winter. (PA Codes:  120, 140, 155, 160)

Western Hemlock-Poorly Drained.   This type is abundant throughout Southeast
Alaska below the mountain hemlock zone.  This type is a result of poorly drained
soil similar to the Alaska-cedar type, however it often occurs in smaller patches and
at a lower elevation (less than 500 feet).  This type often occurs on steeper slopes
than the mixed conifer type.  Western hemlock is the dominant overstory and
understory tree of old-growth stands, with other tree species occurring in small
amounts.  Tree canopy cover often ranges from 50 to 70 percent, is multi-layered,
and has large-branched, deep-crowned trees.  Young stands can contain a
significant component of Sitka spruce which often appears stressed due to wet soil-
low nutrient conditions.  Cedar decline is common in this type.  Down wood is
important for tree regeneration sites in skunk cabbage associations.  Windthrow is a
common disturbance element. (PA Codes: 110, 130, 150, 170)

Western Hemlock and Redcedar-Well Drained.  This type occurs in southern
Southeast Alaska below 1,000 feet elevation.  Most stands occur on deep, well-
drained mineral soils (colluvial foot slopes) below 500 feet elevation.  Western
hemlock and redcedar co-dominate the overstory with other tree species occurring
in small amounts.  Tree canopy cover often ranges from 70 to 80 percent, is multi-
layered, and contains large-branched, deep-crowned hemlocks and cedar.  Western
hemlock dominates the understory.  Windthrow is common in this type.  Natural
regeneration of spruce and hemlock can be dense and cedar regeneration is often
low.  Under natural disturbance regimes, stand closure can occur between the ages
of 30 to 40, with moss dominating the understory to at least age 100.  If disturbance
exposes the mineral soil, red alder will likely dominate the site for at least 50 years.
Large hemlock and cedar trees can effectively intercept snow on this type.
Understory vegetation is relatively abundant and generally available for forage
during winter. (PA Codes:  710, 720, 750)

Western Hemlock and Redcedar-Poorly Drained.   This type occurs in southern
Southeast Alaska; it is more often found on islands than the mainland.  The type
occurs from sea level to the mountain hemlock zone.  This type contains highly
variable soil structure, but all have poor drainage.  Most stands occur on steeper
mountain slopes compared to the mixed conifer type.  Western hemlock and
redcedar co-dominate old-growth stands.  Cedar cover may range from 5 to 50
percent and western hemlock usually dominates the overstory.  Other tree species
occur in small amounts.  Tree canopy cover often ranges from 50 to 70 percent, is
multi-layered and contains large-branched, deep-crowned hemlocks and cedar.
Cedar decline is common in this type.  Down wood is important for tree regeneration
on skunk cabbage sites.  Windthrow is a common disturbance element in this
group.  The relatively open canopy structure allows more light and snow to reach
the forest floor.  A shrub component is often present and may be available as
forage during low snow conditions. (PA Codes:  730, 760, 765, 780)

Western Hemlock-Alaska Cedar.   This type occurs below the Mountain Hemlock
type to sea level throughout Southeast Alaska; it is more common in the central
portion of Southeast Alaska and occurs more on islands than the mainland.  This
type is similar to the Western Hemlock-Poorly Drained type but associated with
"colder" sites.  This group exhibits extreme soil variation from shallow to deep,
mineral to organic, and is generally poorly drained.  Due to the poor soil drainage
and/or nutrient availability, this type typically has a less than completely closed
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canopy of medium stature.  Stands often occur on steeper slopes when compared
to the mixed conifer type.  Windthrow is common in this type.  Western hemlock
and Alaska-cedar are often co-dominants in this type.  Cedar overstory cover
typically ranges from 5 to 50 percent, while a mix of other tree species may occur in
small amounts.  Tree canopy cover ranges from 50 to 70 percent, while a mix of
other tree species may occur in small amounts.  Tree canopy cover ranges from 50
to 70 percent and the canopy is typically multi-layered.  Western hemlock is the
dominant understory tree.  Cedar seedlings are uncommon, particularly in areas of
high deer use.  Cedar decline is common in this type.  Down wood is important for
tree regeneration sites in associations containing skunk cabbage.  Trees are
relatively slow growing on this type and young trees often appear stressed due to
wet soil-low nutrient conditions.  Alaska-cedar is a major component of this type.
Therefore, regeneration of Alaska-cedar following disturbance is important to
maintain species diversity.  The relatively open canopy structure of this type allows
more light and snow to reach the forest floor. A shrub component is often present
and may be available as forage during low snow conditions. (PA Codes:  210, 220,
230, 250)

Mixed Conifer.   The forest type occurs below the Mountain Hemlock type to sea
level throughout Southeast Alaska.  The type often provides a transition between
muskeg and closed canopy forests.  Due to poor soil drainage, this type typically
has an open-grown low stature forest in which no single tree species expresses
consistent dominance.  Since poor soil drainage is a primary influence for
development of the type, the type occurs on a greater variety of sites in higher
rainfall areas (for example: southern Baranof Island and near Ketchikan). Also, this
type is more common on islands than on the mainland.  Most mixed conifer stands
occur on gentle topography that is over bedrock, compact till, or ash deposits.
Mountain hemlock, red and Alaska-cedar, and western hemlock will often be co-
dominants in this group, with Shorepine and Sitka spruce occurring in small
amounts.  Pacific yew occurs to a minor extent on southern Prince of Wales and
adjacent islands.  Sitka spruce will not achieve dominance and usually appears
stressed due to poorly drained soils.  Tree growth is generally slow and overstory
tree cover ranges from 30-50 percent.  Canopy layers are common but often
indistinguishable due to the openness of the canopy.  Cedar seedlings are
uncommon.  Down wood is extremely important for regeneration of all tree species
on the wet soils of these sites.  Windthrow is infrequent in this type. Resistance to
windthrow is due to the generally low tree stature (the height of the upper canopy
often ranges from 50 to 75 feet) and cedar's resistance to decay.  As a result, this
type contains an abundance of snags (dead trees).  Since stands are predominantly
open grown, they provide an abundant understory. (PA Codes: 410, 420, 430, 440,
460, 470,480, 490)

Mountain Hemlock.   This forest type is a "cold" mostly high elevation type.  It
occurs from 2,500 feet on south slopes on southern Prince of Wales Island to less
than 1,000 feet on northern islands near Glacier Bay.  Mountain hemlock is the
dominant overstory tree.  Sitka spruce is common in this type and may be a co-
dominant on steep unstable slopes.  Subalpine fir may be a co-dominant in
localized areas.  Alaska-cedar or western hemlock may be  co-dominant in southern
Southeast Alaska transitional areas. Wind, snow avalanching, and mass movement,
are primary disturbance processes.  Snow avalanching appears to be the dominant
disturbance process in the open "park land" like forests nearest treeline.  Tree
growth is much slower than on warmer well-drained sites at low elevations.  Cold
temperatures are a primary ecological factor in this type.  Regeneration is common
in disturbed areas, but slow to respond due to heavy snow damage.  While closed
canopy forest conditions can occur (usually in bands less than 500 feet wide) stands
are predominantly open grown.  Therefore, stand size considerations as compared
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to maintaining interior forest old-growth conditions are not significant in this type.
(PA Codes:  510, 511, 515, 520, 530, 540, 550, 560, 570, 580)

Shorepine.   This type occurs throughout Southeast Alaska from sea level to the
subalpine zones; it occurs on broken mountain slopes, hill slopes or wherever very
poor soil drainage exists.  This type often occurs on lowlands and is typically
associated with open muskegs.  The shorepine old-growth forest type is
differentiated from "tree covered muskeg" in that it contains at least 10 percent tree
cover.  Areas that contain less than 10 percent tree cover are non forest.  Shorepine
is the dominant overstory tree.  Alaska-cedar is often present but sparsely
represented with mountain hemlock, western hemlock, Sitka spruce, and western
redcedar occurring in some stands.  Conifer tree cover is sparse compared to other
old-growth types.  Tree canopy cover ranges from 10 to 50 percent.  Trees are very
slow growing on this type and though relatively small are often quite old.  This forest
type is open grown and interior forest conditions do not occur.  The type provides
"edge" habitat as a transition zone from muskeg to the mixed conifer forest type.
(PA Codes:  610, 620, 630, 630)

Individual tree species and species occurrence vary by location, topography,
drainage, soil type, and stand history.  Western hemlock and Sitka spruce stands
cover 98 percent of the land capable of growing industrial wood in Southeast
Alaska.  The remaining two percent of the forest land supports western redcedar,
Alaska-cedar, and cottonwood.  The cedar occurs primarily in the southern part of
the Forest.

Tree species differ in their requirements for moisture, light, nutrients, heat, and
growing space.  A brief silvical description of the most common species on the
Tongass National Forest follows.

Sitka Spruce

Sitka spruce (Picea sitchensis (Bong.) Carr.) is the largest and one of the most
valuable trees on the Tongass -- both biologically and economically.  This species is
shade tolerant to intermediate in shade tolerance and demands more light than
western hemlock (Harris and Farr, 1974).  Tolerance is the ability to grow and
prosper in the understory; light, moisture, or other environmental variables may be
the limiting factor.  Spruce tends to be tolerant to shade in Oregon and Washington
and intermediate in Alaska (Ruth and Harris, 1979).  Western hemlock has a
competitive advantage over spruce in shaded environments.  Spruce can become
established beneath light shade, consequently it can come in beneath partially cut
stands, but growth is slow (Harris and Farr, 1974).  However, few stands continue to
100 percent hemlock.  Spruce is able to maintain a stand presence because of the
following factors:

1. Sitka spruce lives longer than western hemlock (it may live to 700 to 800
years and hemlock may live to 500 years) and tends to achieve a greater
size than hemlock.

2. Stand disturbance caused by blowdown creates gaps or small openings in
the overstory which allows the spruce to become established and to better
compete with hemlock (Harris, 1990).

Sitka spruce is a prolific seeder and produces small wind-disseminated seed.  The
strong Alaskan winds can carry the seed long distances.  If moisture is abundant,
Sitka spruce seed will germinate on almost any kind of seedbed; consequently,
natural regeneration can be obtained through various reproduction methods.

Silvical
Characteristics
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Establishment is best on mineral soil (such as that created by the upturned roots of
windthrow trees) with organic matter and with side shade and overhead light (Harris,
1990).  Spruce has an advantage over hemlock on bare soil.  Clearcutting and
exposing mineral soil during the logging operation can increase the percentage of
spruce reproduction.(Fowells, 1965).

The rooting characteristics of Sitka spruce show great variability, but in Southeast
Alaska this species tends to be shallow-rooted;  consequently, it is vulnerable to
compaction and blowdown.  The bark is relatively thin, which makes it susceptible
to logging injury and subsequent decay.  Blowdown is the most serious damaging
agent.

Western Hemlock

Western hemlock (Tsuga heterophylla (Raf.) Sarg.) is also a major component of
the Tongass.  Western hemlock is very shade tolerant and dominates the
reproduction of the old-growth forests (Fowells, 1965); which makes it an ideal
species for management that includes partial cutting.  Other associated conifers
include western redcedar (Thuja plicata Donn), Alaska-Cedar (Chamaecyparis
nootkatensis (D. Don) Spach), shore pine (Pinus contorta var. contorta), and
mountain hemlock (Tsuga mertensiana (Bong.).

Hemlock is a prolific seeder and produces wind-disseminated seed almost every
year, with heavy crops every five to eight years.  The strong Alaskan winds can
carry the small seed great distances.  The species can thrive on a wide variety of
seedbeds; consequently, various reproduction methods from single tree to
clearcutting can provide the necessary natural reproduction.  Most stands contain
advanced regeneration and through careful logging are often stocked or
overstocked.

Hemlock does not develop a taproot and is also a shallow-rooted species; it is
susceptible to windthrow.  Most of the roots, particularly the fine roots, are near the
surface, and are susceptible to damage from compaction.  Like spruce, this species
has thin bark and is susceptible to logging injury and subsequent decay.  Hemlock
dwarf-mistletoe is an important disease and clearcutting is usually the best control
method.

Alaska-Cedar

Alaska-cedar is a slow-growing and long lived-species that lives throughout
Southeast Alaska.  The species occurs in pure stands but occurs more often in
scattered groups or individually in mixture with hemlock and spruce.  Alaska-cedar
is intolerant of shade in Alaska, and it has difficulty competing with hemlock and
spruce on the better sites (Ruth and Harris, 1979).  As a result, Alaska-cedar usually
occurs on the poorer sites.

Planting is the surest means of establishing Alaska-cedar.  The natural regeneration
capabilities are not well understood, and deer browsing may be a factor in removing
cedar seedlings from a site.  A recent study (Hennon, 1991) demonstrated that
planted seedlings can successfully establish in Alaska.  Excellent growth occurred
on sites with good light exposure and soil moisture drainage.  Survival and growth
were best on burned clearcut sites and diminished by heavy shade and poor soil
drainage.  The results from the study suggest that seedlings cannot tolerate heavy
shade.  Compared to hemlock and spruce, this species is a poor producer of seed.
Cones are small and fewer, and the proportion of filled seeds from mature cones is
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generally low and extremely variable (Harris, 1991).  Seeds are much heavier than
spruce and hemlock, but there is no information on the distance seed is
disseminated by wind.  Evidence suggests that leaving seed trees on site may be
one approach in maintaining the species by natural regeneration.

Cedar in Alaska suffers from a condition called cedar decline, but is most prevalent
on poorly drained sites (bog, semibog sites).  The reason for this decline is unknown
at this time.  However, it is suspected to be a physiological reaction relating to soil
drainage.

Western Redcedar

This species occurs primarily in the southern part of the Forest (Ketchikan Area).
The species is rated as very tolerant to shade in Southeast Alaska (Ruth and Harris,
1979).  Redcedars are often windthrown in wet environments and are not resistant
to windthrow on the moist sites where growth and yields are highest (Minore, 1990).
Deer, elk, and rodents can cause extensive damage to cedar seedlings and
saplings. Redcedars occur on the poorer sites because spruce and hemlock tend to
out compete cedar on the better sites (Ruth and Harris, 1979). Seed production is
relatively abundant and the seeds are small and can retain viability for at least 7
years. (Minor, 1990).  Disturbed mineral seedbeds seem to be a major requirement
for regeneration from seed.

The Operational Environment is the physical and biological setting of the Tongass
National Forest or the environmental variables that may affect possible
management objectives or treatments.  These environmental variables may include
the climate (light, air temperature, wind, evaporative capacity), mass movement,
soils (oxygen concentration, soil temperatures, soil penetrability, and soil water
potential), and heterotrophs ( insects, pathogens, and animals).  Those variables
that may control growth and mortality are known as the regulating variables.  This
section describes some of the environmental variables that may affect possible
management objectives or treatments on the Tongass National Forest.

Climate.   The Forest has a maritime climate with abundant moisture throughout the
year and has relatively mild winter temperatures and cool summers.  Lack of a
pronounced drought is probably the most important factor in affecting vegetation.
The combinations of warm water from the Japan current offshore and prevailing
westerly onshore winds result in cool, humid conditions throughout the Tongass
National Forest.

The weather patterns of Southeast Alaska develop strong wind patterns and winter
storms tend to be very intense.  Gale-force winds may occur during any month;
however, the strongest winds are most likely to occur in fall and winter months.
Juneau had 506 days with winds over 30 miles per hour from 1953-78, Annette
Island 744 days, and Yakutat 423 days (Harris, 1989).  The strong winds, usually
accompanied by rainfall and saturated soils, contribute to blowdown.

The management implications of climate are:

♦ Moisture is not a limiting factor in tree regeneration.
♦ Wildfire is not a major problem.
♦ The strong fall winds favor natural regeneration.  Spruce and hemlock are

prolific seeders; producing wind-disseminated seed almost every year, with
good crops every five to six years. Their seeds are light in weight and are
capable of being blown long distances.

Operational
Environment
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♦ High winds can cause heavy losses of timber by windthrow. The rooting
habits of western hemlock and Sitka spruce make these species susceptible
to windthrow; both species are shallow-rooted and depend on mutual
support for wind resistance.  Western hemlock does not develop a taproot.
Both species are thin-barked, which makes them susceptible to logging
damage to their boles and subsequent wood decay. Trees with stem or root
rot are more susceptible to damage from the wind.

Wind is a major disturbance factor5 in Southeast Alaska, altering the structure of
the forest. Windthrow was responsible for 26 percent of the annual tree mortality in
Southeast Alaska during one 7-year period (Harris, 1989).  Scattered windthrow of
large overmature trees is a prime cause of mortality and it creates small openings in
which the advanced growth in the understory may develop (group selection and
larger openings would mimic this effect) or newly germinated seedlings may
develop.  Spruce is able to maintain itself as a stand component because of these
small openings.

Wind can also blow down stands covering many acres.  Occasional severe storms
disturb large areas, initiating secondary forest succession, creating stands of
relatively uniform age and size.  Many existing young-growth stands originated
following the blowdown of the previous stand.

A survey of windthrow on Prince of Wales Island identified over 18,000 acres during
a 15 year period (Harris, 1989).  The loss in timber was about 320 million board feet
(Scribner).  The survey indicated that the area damaged by blowdown was evenly
divided between complete and partial blowdown.  Complete blowdown had less than
10 percent crown closure and partial blowdown had 11-39 percent crown closure.
The average patch size of blowdown was 18 acres (15 acres for complete, 25 acres
for partial).  The survey did not include small areas of blowdown (less than 2 acres)
nor were stands where isolated single trees or small groups blew down.  A 1,000
acre blowdown occurred in November 1968.  Blowdown affected about 1.6 percent
of the productive forest land over a 15 year period.

Table G-3 displays the traits that affect a stand’s ability to resist windthrow.  Often,
sawtimber stands that were most vulnerable to wind damage were those beyond an
even-aged condition and approaching a climax condition, in which individual trees
or small groups are dying and being replaced by trees in the understory.  These
stands were usually of advanced age, and because of the advanced age, had an
increased incidence of root and stem rot that weakens roots or increases the
possibility of stem breakage.  These stands also had tall trees and less uniform
stand canopy.  About 99 percent of the surveyed damage occurred in this type of
stand (Harris, 1989).

                                                  
5 Landslides and avalanches are also significant disturbance agents.



Appendix G

G-29

Table G-3
Traits of windfirm stands and traits of stands susceptible to windthrow

Trait Windfirm Stands Susceptible Stands
Age Young Old
Age Structure Even-aged Uneven-aged
Defect Little Defect Large amounts of defect
Height Short Tall
Stocking Open stocking on less

productive sites, muskeg and
scrub stands

Dense stocking on productive
sites.

Species
Composition

High percentage of cedar
and hardwoods.

Predominately spruce and
hemlock

History Intact with little evidence of
recent openings.

Previously damaged by
blowdown. Even-aged pole or
young sawtimber opened by
thinning or partial cutting.

Source: Wind in the Forests of Southeast Alaska and Guides for Reducing Damage, A.S. Harris, PNW-GTR-
244.

Mass Movement.   Glaciation has largely shaped the landscapes of the Tongass,
resulting in landforms with an abundance of very steep slopes and U-shaped
valleys.  Unconsolidated soil materials include glacial till, volcanic sediments,
alluvium (sediments deposited by flowing water), colluvium (rock debris
accumulated at the base of a cliff or slope), residium (residue), and organic matter.
Fine-textured marine and lake deposits occur on valley bottoms and lower hillsides.
The downslope movement of large masses of earth is due to the topography
(oversteepened slopes--unstable slopes or slopes beyond their angle of repose--
high up on the valley walls); climate (abundant rainfall); youthful, shallow, coarse-
textured soils with relatively high permeability; and minimal surface runoff.  Large-
scale clearcutting increases the susceptibility of slopes 34 degrees or greater to
failure.  Tree roots may be an important factor in maintaining slope stability.  In the
past, clearcut timber harvesting has caused some mass soil movements, therefore
the clearcut or seed-tree silvicultural systems may not be appropriate for areas
susceptible to mass wasting.

The topography influences the choice of logging methods and silvicultural methods.
Generally, most yarding has been downhill because roads are usually constructed in
the valley bottoms to avoid the unstable soils on the steep slopes.  Cable logging
downhill in partial cuts is especially difficult because of inadequate deflection of the
cable for full suspension.  Spruce and hemlock are prone to logging damage
because of their thin barks.  Cable logging methods that remove trees on steep
slopes increase the risk of damage to residual trees.  This risk is usually extremely
high.  Stands typically consist of large old trees with significant defect, and removal
of these logs requires large yarders.  To control residual stand damage, the logging
plan must incorporate, and the logger must conduct, operations recognizing the
following items(S.C.O.U.T. Hawkins Logging Study, 1979):

♦ Eliminate cross-slope yarding where dragging of logs is involved.
♦ During lateral yarding, position the skyline so that the entire log turn will be

suspended above the ground when the logs enter the skyline corridor.
♦ Yard with the skyline positioned high above the ground to reduce skyline

corridor width (lateral excursion).
♦ Fly log turns free of the ground in downhill yarding.
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♦ Restrict skyline setting size to control fan-shaped settings (clearcut effect).

Since the terrain prevents us from meeting all of these conditions on most areas of
the Tongass, cable logging is generally impractical for partial cuts.  As a
consequence, land managers would have to consider other, more costly options,
such as helicopters.

Soils.   Many of the soils in Southeast Alaska are subject to podzol development.
Podzolized soils are characterized by high acidity, poor drainage, and low timber
productivity.  Ultimately, podzols may lead to the formation of bogs or muskegs
from sites that previously supported forests.  Scientific evidence (B.T. Bormann et.
al., 1995) is showing that some soils in southeast Alaska depend on periodic mixing
of the organic layers and the deep mineral soil to prevent or correct podzol
formation.  Windthrow may have important ecological benefits by breaking up the
podzol layers and bringing mineral soil to the surface.  Leaving scattered green
trees, that would be windthrown, may have important ecological benefits.

Animals.   Several species of animals are present that directly compete with
regeneration efforts.  These animals are Sitka black-tailed deer, rabbits, porcupines,
and brush hares, and voles and mice.  Land managers have taken sporadic efforts
to control damage done to young seedlings, however, the amount of damage
attributed to these animals is small.  Porcupine has affected 15-25 year-old stands
on the Stikine area.

Diseases and Other Conditions.   Losses from tree diseases are high principally
because of the old-growth structure of the forest (Harris and Farr, 1974).  About 32
percent of the gross volume is unusable as sawtimber.  Heterobasidion annosum
(root and butt rot) is an important pathogen of western hemlock and Sitka spruce.
There are a number of wood decay fungi in Southeast Alaska and usually the best
control is to prevent wounding and or early harvest (shortened rotations).

The principle stem disease on the Tongass is western dwarf-mistletoe, a parasitic
plant, (Arceuthobium campylopodum); it infects western hemlock and causes
reduction in vigor, growth and quality of the hemlock.  Mistletoe infects most old-
growth stands at lower elevations (Forest Service, 1991).  Mistletoe losses are due
to butt rot, windthrow (caused by rotted root), growth loss, and tree mortality.  The
volume of western hemlock trees heavily infected with dwarf-mistletoe can be
reduced as much 50 percent over a 100-year period.  The spread of dwarf-mistletoe
in young hemlock stands is often the result of leaving standing infected hemlock in
cutover areas.  Dwarf-mistletoe responds to light with increased seed production;
rates of spread to adjacent and lower canopy trees may increase in partial cuts.
Ecosystem management techniques such as leaving large residuals or where
harvest units are very small may not be suitable in mistletoe infected stands.

Fluting on the boles of western hemlock is common throughout southeast Alaska.
Hemlocks with fluting have deeply incised grooves and ridges extending vertically
along their boles; a condition that reduces the value of the logs because they yield
less sawlog volume and bark is contained in some of the wood.  The cause of
fluting is not completely known, but associated factors include wind-firmness of
fluted trees, common occurrence on sites with shallow soils, triggering of fluting by
growth release, and fluting on boles corresponding with patterns of food
translocation within the tree.  Researchers have recently documented the presence
of fluting in young hemlock stands (Forest Service, 1991).

Yellow cedar decline occurs on more than 526,000 acres, it occurs in a broad band
from western Chichagof Island through the Ketchikan area (Forest Service, 1991).
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The condition usually occurs with anaerobic (absence of free oxygen) poorly
drained  soils.

Insects.   Two defoliating insects, the black-headed budworm (Acleris gloverana
(Wals.)) and hemlock sawfly (Neodipirion tsugae) have been documented on the
Tongass (Hard, 1967).  Periodically, they cause widespread defoliation, particularly
to western hemlock.  Some documented insect outbreaks that covered millions of
acres in southeast Alaska occurred in 1953 and 1955.  About one-third of the net
volume was lost on some hemlock sites due to budworm defoliation (USDA, 1985).
However, in most cases the attacked trees recover and have had little effect on
growth or survival (Harris and Farr, 1974).  The spruce beetle (Dendroctonus
rufipennis (Kby)) also occurs in Southeast Alaska; it normally is at endemic levels in
old-growth stands.  There has been a serious outbreak in an area of Glacier Bay
National Park.  The stands involved in the outbreak are generally even-aged Sitka
spruce about 200 years old.

The goals and objectives most affecting the choice of silvicultural systems are
those that relate to producing timber, and those that in some way conflict with or
modify the way timber is produced.  The application of the silvicultural systems may
be constrained or altered in the different Land Use Designations in response to
various resource needs and societal concerns.  Most alternatives which include
timber harvest, specify a fairly intensive level of management.  There are also
goals for providing habitats to support all native wildlife species, protecting soil and
water, and providing recreation opportunities.  Throughout all the management
programs and activities, the implementation of the Forest Plan should be
accomplished in an efficient and cost-effective manner.

Some of the management objectives relating to selection of silvicultural systems
vary by the Land Use Designation defined for alternative land allocations.
Silvicultural systems may be applied to meet a variety of resource objectives, but
will be applied mostly where the land use designation has timber management as a
specific objective.

There is limited experience with harvest methods, other than clearcutting, in
Southeast Alaska.  There is a need for demonstration projects or research to
address many of the questions raised and to test the applicability of ecosystem
techniques being developed in fire disturbance regimes.  The demonstration
projects could provide answers to operational concerns such as logging techniques,
dwarf-mistletoe, stand damage, windthrow, and economic feasibility.  The Region's
ecosystem strategy includes a number of action items that address the need to
integrate Forest Service Research into ecosystem management in the Alaskan
Region.  These actions include:

1. developing methods to accelerate transfer of new technology to
managers,

2. developing and implementing a long-term cooperative plan of work to
address priority issues related to ecosystem management,

3. prioritizing short and long-term issues and information needs for
management and monitoring, and

4. aligning goals and objectives of the Alaskan Region with applicable
research, development, and application programs of the Pacific Northwest
Station.

Management Goals
and Objectives

Alaska Region’s
Ecosystem
Management
Strategy
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The Region's ecosystem strategy includes an action item that specifies a need to
continue to develop and extend field demonstration projects initiated under New
Perspectives, including their use in interpretation, professional development
training, and conservation education on ecosystem management.  In addition, the
administrative areas are encouraged to test alternative silvicultural systems and
monitor the results in cooperation with timber purchasers and other interested
parties.  The Region's ecosystem strategy states that regeneration methods other
than clearcutting be objectively considered through a project-level prescription
process, and that documentation of this process and results are to be provided in
NEPA documents and records of decision.

The final selection of the regeneration method for any site-specific project will be
part of the silvicultural prescription as provided for in Forest Wide Management
Standards and Guidelines TIM 111-2.  The determination of where clearcutting is
the optimum method at the project level will be based on site-specific factors (i.e.,
esthetic, environmental, biological, engineering, and economic) related to the
selection criteria previously mentioned in this appendix and the objectives and
requirements of the Forest Plan.  The identification of clearcutting as the optimum
method for sites on the Tongass will often be influenced by the key factors
mentioned previously:  the difficulty in protecting the residual stand through harvest
operations on steep slopes, viable sale economics, the desirability of perpetuating
spruce, disease control, and other forest health concerns.

The evaluation of regeneration methods is based on operational experience and
research findings in the following documents:

Birch, Kevin R. and K. Norman Johnson. 1992. "Stand-Level Wood-Production
Costs of Leaving Live, Mature Trees at Regeneration Harvest in Coastal
Douglas-fir Stands".  Western Journal of Applied Forestry.  Volume 7 No. 3. pp.
65-68.

Bormann, B. T., H.Spaltenstein, M. H. McClellan, F. C. Ugolini, K. Cromack Jr. And
S. M. Nay. 1995. Rapid soil development after windthrow disturbance in pristine
forests.  Journal of Ecology 83: 747-757.

Burns, R.M., technical compiler.  Silvicultural Systems for the Major Forest Types of
the United States.  Agricultural Handbook 445.  Washington DC: U.S.
Department of Agriculture; 1983. 191 p.

Burns, R. M., Technical Compiler. 1989. The Scientific Basis for Silviculture and
Management Decisions in the National Forest System. General Technical Report
WO-55. Washington DC: U.S. Department of Agriculture, Forest Service. 180 p.

Conway, Steve. 1976.  Logging Practices:  Principles of Timber Harvesting
Systems.  Miller Freeman Publications, Inc., San Francisco, CA.  416 p.

Curtis, R.O., G.W. Clendenen, D.J. Demars.  1981. A New Stand Simulator for
Coast Douglas-fir: DFSIM user's guide.  USDA Forest Service PNW-GTR-128.
Pacific Northwest Forest and Range Experiment Station. 79 p. Portland, Oregon.

Daniel, T. W., J.A. Helms., F.S. Baker.  Second Edition, Practices of Silviculture.
McGraw-Hill, Inc. 1979. 500 p.

Emmingham, William H., Richard Holthausen, and Marc Vomocil. 1992.
"Silvicultural Systems and Stand Management", in Silvicultural Approaches to
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Animal Damage Management in Pacific Northwest Forests. Forest Service
General Technical Report PNW-GTR-287. Pacific Northwest Research Station,
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Fieber, William F, Thomas A. Durston, and Robert Varner. 1979. S.C.O.U.T.
Hawkins Logging Study. U.S. Department of Agriculture, Forest Service, Pacific
Southwest Region, Division of Timber Management. 52 p.
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Even-aged Methods.  Methods resulting in a stand of trees containing a single age
class in which the range of tree ages is usually less than 20 percent of rotation.

Clearcutting Method
A method of regenerating an even-aged stand in which a new age class
develops in a fully-exposed micro-climate 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 reproduction.  Cutting may be
done in groups or patches (group or patch clearcutting), or in strips (strip
clearcutting).  In the clearcutting system, the management unit or stand in
which regeneration, growth, and yield are regulated consists of the individual
clearcut stand (see group selection).  When the primary source of regeneration
is advance reproduction, the preferred term is overstory removal.

Seed Tree
An even-aged regeneration method in which a new age class develops from
seeds that germinate in fully-exposed micro-environments after removal of all
the previous stand except a small number of trees left to provide seed.  Seed
trees are removed after regeneration is established.

Shelterwood Method
A method of regenerating an even-aged stand in which a new age class
develops beneath the moderated micro-environment provided by the residual
trees.  The sequence of treatments can include three distinct types of cutting:
1) an optional preparatory cut to enhance conditions for seed production; 2) an
establishment cut to prepare the seed bed and to create a new age class; and
3) a removal cut to release established regeneration from competition with the
overwood.  Cutting may be done uniformly throughout the stand, in groups or
patches (group shelterwood), or in strips (strip shelterwood).

Two-aged Methods.  Methods designed to maintain and regenerate a stand with
two age classes.  In each case the resulting stand may be two-aged or tend towards
an uneven-aged condition as a consequence of both an extended period of

Glossary
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regeneration establishment and the retention of reserve trees that may represent
one or more age classes.

Clearcutting with reserves
A clearcutting method in which varying numbers of reserve trees are not
harvested to attain goals other than regeneration.

Seed tree with reserves
A seed tree method in which some or all of the seed trees are retained after
regeneration has become established to attain goals other than regeneration.

Shelterwood with reserves
A variant of the shelterwood method in which some or all of the shelter trees
are retained, well beyond the normal period of retention, to attain goals other
than regeneration.

Uneven-aged Methods.  Methods of regenerating a forest stand, and maintaining
an uneven-aged structure, by removing some trees in all size classes either singly,
in small groups, or in strips.

Single Tree Selection
A method of creating new age classes in uneven-aged stands in which
individual trees of all size classes are removed more-or-less uniformly
throughout the stand to achieve desired stand structural characteristics.

Group Selection
A method of regenerating uneven-aged stands in which trees are removed,
and new age classes are established, in small groups.  The maximum width of
groups is approximately twice the height of the mature trees, with small
openings providing micro-environments suitable for tolerant regeneration and
the larger openings providing conditions suitable for more intolerant
regeneration.  In the group selection system, the management unit or stand in
which regeneration, growth, and yield are regulated consists of landscape
containing and aggregation of groups (see clearcutting).

Group selection with reserves
A variant of the group selection method in which some trees within the group
are not cut to attain goals other than regeneration within the group.
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