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Silviculture

The key to effective forest management planning is determining a silvicultural system. A silvicultural system

is the collection of treatments to be applied over the life of a stand. These systems are typically described
by the method of harvest and regeneration employed.

In general these systems are:

Clearcutting - The entire stand is cut at one time and naturally or artificially regenerate.

Clearcutting

Seed-tree - Like clearcutting, but with some larger or mature trees left to provide seed for establishing a
new stand. Seed trees may be removed at a later date.

Seed-tree
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Shelterwood - Partial harvesting that allows new stems to grow up under an overstory of maturing trees.
The shelterwood may be removed at a later date (e.g., 5 to 10 years).

Shelterwood

Selection - Individual or groups of trees are harvested to make space for natural regeneration.

Single tree selection

23 Silviculture



Group tree selection

Clearcutting, seed-tree, and shelterwood systems produce forests of primarily one age class (assuming
seed trees and shelterwood trees are eventually removed) and are commonly referred to as even-aged
management. Selection systems produce forests of several to many age classes and are commonly
referred to as uneven-aged management. However, in reality, the entire silvicultural system may be more
complicated and involve a number of silvicultural treatments such as site preparation, weeding and
cleaning, pre-commercial thinning, commercial thinning, pruning, etc.

Importantly, the feasibility and appropriateness of a silvicultural system depends on your objectives,
existing stand conditions, the characteristics of the individual tree species involved, and your willingness
and ability to make these investments. Pioneer or light-demanding species respond well to high levels of
light and thus clearcutting is an effective harvest and regeneration strategy. Such species typically do not
grow well in the shade. Conversely, late successional and less light-demanding species will often grow best
under shelterwood or selection systems. But there are complicating forest health, cost, habitat, and
aesthetic issues that hinder broad generalizations. The individual species and cover type guidelines
described are intended to deal with these issues in detail.

Stand development - In application, silvicultural treatments can lead to a change in age class structure for
the new or remaining forest. Clear-cutting and shelterwood systems typically lead to an even-aged
structure. Selective cutting typically leads to an uneven-age structure. Using seed trees can lead to an
even-age structure for the new stand if regeneration occurs quickly; if regeneration occurs gradually, the
result can be an uneven aged stand. Also, if the seed trees are left on the area for a long time period, the
new stand will have two to a many age class structure. Clearly, specifying the silvicultural system for a
particular stand is an important step. Even-aged management is perhaps the simplest approach in many
respects, even though it constitutes a major disturbance of the site. Conversely, uneven-aged management
is outwardly appealing because it leaves the site in a continuous green state. However, uneven-aged
management often requires more expertise and thought in specifying choices among treatments. For either
choice of age class structure, failure to consider choices carefully can lead to forest health problems and
reduced productivity. In examples, we try to describe both the advantages and disadvantages of
approaches.
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Uneven-aged: a stand with trees Two-aged: a stand with trees of

of three or more distinct age two distinct age classes sep-

classes, either intimately mixed or arated in age by more than plus

in small groups. or minus 20% of the rotation
age.

Even-aged: a stand composed of a
single age class of trees in which
the range of tree ages is usually
plus or minus 20% of the rotation
age.

Figure 1. Types of stand age structure (Definitions from: Helms, John A. 1998. Dictionary of
Forestry.)

Silviculture Treatments

Tree and stand conditions change over time as trees grow in size and as they interact with other plants,
animals, and ecological processes. Silvicultural treatments are applied to change, accelerate change, or
maintain the condition of trees and stands. For example, by applying selective herbicides after planting, a
desired tree species can be given a head start in growth that allows it to out compete other vegetation. By
thinning a stand, the remaining trees can develop into larger stems at a rate faster than if the stand was
not thinned.

Many potential silvicultural treatments might be used to change, accelerate change, or maintain tree and
stand conditions. Those that are typically used to foster improved tree growing conditions and/or improved
growth and yield include:
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Choice of species and site
Site preparation

Planting

Spacing

Weeding & Cleaning
Thinning

Pruning

Fertilization

Logging slash distribution

The combination of treatments used in a silvicultural system can have large impact on growth and future
yields. For example, a stand managed with all of the above treatments may produce as much as four times
the yields of the region wide average of such stands without treatment.

Species and Site Selection - The choice of tree species to plant on a site is an early and very important
step in starting or regenerating a forest. Tree species can have very different requirements in terms of soil
nutrient and moisture resources, and sites can vary widely in the extent or character of resource regimes.
By careful matching of species and sites, the chances of achieving a healthy and productive forest are
greatly improved. A useful approach for determining appropriate forest composition (including choice of
commercial timber species) is to determine the native forest ecosystem, habitat type, or plant community of
your site. There are several detailed regional references that provide the tools to make this determination
including the Minnesota Department of Natural Resources web page on Minnesota's Native Plant
Communities and the Wisconsin Forest Habitat Type Classification System (PDF, 146K).

Site preparation - Given a particular site, there may still be important steps available to ensure that the
planted trees have the best possible start. By controlling (either removing or slowing) the growth of
competing vegetation, the desired trees face less competition for site resources and can thereby establish
dominance in competition for resources. Additionally, site preparation can prepare very specific microsite
conditions favorable to tree growth, e.g., soil loosening, moisture, insect, and disease control, competing
vegetation management, etc. These effects can be accomplished manually, mechanically, and/or with
herbicides. In terms of the remaining overstory vegetation, tree species also differ widely in shade
tolerance. Depending on the tree species, leaving overstory trees that provide shade can increase the
chance of successful establishment by reducing heat and moisture stress. However, for shade intolerant
species (typically pioneer or light demanding species), full sunlight will prove most effective. For shade
intolerant species, excessive shade will decrease initial growth. Once the seedlings grow higher than
neighboring competing vegetation, they are typically described as "free to grow". Competition is then
managed by thinning rather than herbicides or other control
techniques. Recommendations for site preparation are given for both
tree species and existing site conditions. Details of these
recommendations for typical sites and tree species are available in
the tree specific guides sections.

The most commonly used site preparation techniques in the Lake
States are:

B TTS disk trenching
B Leno scarification R .
B Combined mechanical/chemical application with a Exposed soil after scarification.
boom sprayer at the back of TTS (Eli Sagor)

. -t TRk s .
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Planting - Proper planting is crucial for tree survival and growth. If a tree is planted too deep or too high
with respect to the soil surface, the seedling may be unable to access site resources effectively and will die
or develop slowly with greater susceptibility to diseases and insects and thereby face increased risk of
mortality or lessened tree quality. It is particularly important that the root system makes full contact with the
soil and be positioned to favor normal development and growth. Poor planting can also increase
susceptibility to windthrow later in life.
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into the soil and planting depth).
pushing in one
direction to cre-

ate hole.
I"'_j i
-“'-'_._ Ill r".l
M I .
L T [
'a.. 1" - .\,I |"I I.I &
LAl N wundn "'. .lI - ¥

4. Push the 5. Push soll 6. Restore soil

planting bar towards the surface by

away from the planting hole by tamping around

plant. pushing the the seedling.
lanting bar

ack and forth.

Figure 1. How to plant a seedling.

Spacing - Spacing of seedlings is an important consideration. Spacing, or planting density will vary with
objectives, forest type and condition, and species. For more details on spacing, see the information about
planting in the tree species specific guide sections.
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Figure 1. How to plant a seedling.

Weeding and Cleaning - Until the planted trees have grown
beyond the height of competing vegetation (sometimes termed
weeds), there remains a high probability of mortality.
Controlling (reducing) competition can greatly reduce mortality
of desired tree species. Some typical types and applications of
weeding and cleaning are:

1.

28

Mechanical weed control (removal or
destruction) by hand or with machines. This is
typically expensive and the least effective method
as certain plants can grow back quickly.

Herbicide control with chemicals applied to the
competing vegetation by injection of stems or
ground or aerial spraying of foliage. Such chemicals
can be selective in terms of differential effects on
various plants. For example, certain chemicals will
control broadleaved plants but not harm pines if
applied in the right season and at the appropriate
rate. Also see Best Management Practices for
silvicultural Chemicals from USDA Forest Service.

Biological control can use shade of overstory trees
to slow growth of competing herb and woody
vegetation until the desired trees are beyond the
influence of this competition.

Prescribed burning can be used to kill competition.

4 - -’
L oy T

Red pine planting. Southwest
Wisconsin. (A. Ek)

Manual brush control (B. Palik)

However, this requires that the desired trees are fire resistant. While competing plants may
resprout, retarded growth (particularly after several burns) may provide sufficient time for the

desired trees to capture needed site resources.
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The most commonly used weeding and cleaning techniques in the Lake States are:

1. Chemical weed control
2. Wickless applicator (brush saw with chemical dowsing)
3. Aerial application

Pruning

Pruning is the removal of the lower branches of a tree. You should never prune more than half of the tree
height. For economic reasons, only trees which will be in the final mature forest (crop trees) should be
pruned. You should prune (in either one or two steps) pole size trees up to 9', for one log of knot free
sawtimber or veneer, or 17', for two logs of knot free sawtimber.

Pruning is usually done during the dormant season (fall and winter) because trees can be damaged more

easily during the summer. Dead and live branches should be cut close to the stem to reduce the time of
healing. It is important not to damage the branch collar to ensure optimal healing.

-

Branch
ridges

e Branch
r;:. collars

", et R et

Figure 3. The key to proper pruning is to protect the tree stem and trunk. To avoid tearing the bark
and stem wood and to facilitate healing, make a small cut just (known as the wedge or notch)
beyond the branch collar. Then make your second cut just beyond the notch from top to bottom.
Once the branch has broken free at the notch, make a third cut parallel to and just beyond the
branch collar to reduce the length of the stub.
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Figure 4. Pole size trees (hardwoods 5 to 11 inches and conifers 5 to 9 inches dbh) can be pruned
one or two lifts (9 to 17 feet) which results in one or two logs of knot free sawtimber or veneer.

30 Silviculture



Thinning

Thinning reduces mortality (or salvages it before it occurs) by reducing the number of trees per acre. The
remaining trees then have more site resources to draw from and typically grow faster and healthier. By
thinning at regular intervals, one can be assured that stress due to overcrowding is avoided. Thinned trees
can then develop stronger root systems and be less prone to windthrow. The species composition of a
stand can also be influenced by thinning, e.g., depending on which tree species are cut and which are
retained. If sawlogs or veneer logs are sought, thinnings would focus on developing large and high quality
stems. Thus thinning can improve growing conditions, species composition, tree quality, and the economic
value of the stand. Importantly, poor thinning choices can reduce quality and economic values (e.g.,
highgrading or always taking the best trees and leaving the worst). However, well planned thinning can
provide increases in timber values and economic returns. Specific recommendations for thinning are
provided in the tree specific guide sections.

Figure 5. Forest stand before thinning (top) and after row
thinning (bottom). In this thinning example, every third row is
removed.
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Regeneration Harvesting

As described above, thinning can remove mature trees and, consequently, is an application of harvesting in
your stand. However, foresters often make a distinction between removal of trees to improve growth of
remaining trees (thinning) and removal of trees to facilitate establishment of new regeneration or age
cohort. The latter removal is termed a regeneration harvest. In reality, there are no clear boundaries
between thinning and regeneration harvesting; thinning may allow establishment of a new cohort of trees,
or regeneration harvesting may lead to improved growth of residual trees, if some are left in the stand.
Rather these terms are used to communicate the primary purposes of the treatment, i.e., improved growth
of residual trees or new regeneration. Regeneration harvests can be applied in many different ways which
result in distinctly different stand age structures. Recall that silvicultural systems are often named for these

age structures, regeneration and harvesting approaches (clearcut, seedtree, shelterwood, selection).
Details on regeneration harvesting considerations are provided in species specific guides.

Harvesting systems

The process of timber harvesting is comprised of five basic tasks:

1. Timber acquisition (moving to the tree).

2. Felling and preparing the tree for extraction
(delimbing, topping, and segmenting).

3. Extracting the tree to a central location or
landing (skidding or forwarding).

4. Loading the tree for transport to the mill.
5. Transporting the tree to a mill.

The processing of the tree into individual products (e.g., veneer
logs, sawlogs, pulpwood) may occur at either the stump or at the
landing. A variety of equipment options can be used to
accomplish each task (Tables 1 and Table 2 below).

Harvesting systems are named based on the form in which the
wood arrives at the landing. The three general types of
harvesting systems include shortwood, tree-length, and full-tree.
We will focus our discussion on the tasks of moving to the tree,
felling the tree, processing it at the stump, and transporting the
tree to the landing.

There are a variety of equipment options that can be used with
each harvesting system. While a given harvest system can be
used to accomplish any silvicultural objective (Table 3 below),
there are distinct advantages and disadvantages for each that
need to be considered (Table 4 below). While a shortwood
system is suited to all types of management, a full-tree system is
better suited to a production requirement because equipment
frequently tends to be larger and to operate faster than for the
other systems.

KV

Harvesting systems

Shortwood (also known as cut-to-
length): Trees are felled, delimbed,
and bucked to individual product
lengths directly in the stump area
and then transported to the landing
or roadside. Primary transportation
is usually by a forwarder, although
cable skidders are sometimes
used.

Tree-length: Trees are felled,
delimbed, and topped directly in the
stump area and then transported to
the landing. Transportation from the
stump to the landing is usually by a
skidder (cable or grapple). At the
landing, the tree length sections
are processed into individual
products or hauled as is to a
central processing yard or mill.

Full-tree: Trees are felled and
transported to the landing with the
branches and top still intact.
Transport to the landing is usually
by a skidder (cable or grapple). At
the landing, the full trees are
processed into individual products
or hauled as full trees to a central
processing yard or mill.
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Light-on-the-land operations

Light-on-the-land (LOL) is an approach to timber harvesting that uses techniques and equipment designed
to minimize site and stand impacts. To be successful, business owners and on-the-ground operators need
to understand and apply light-on-the-land approaches too. Operators who have and apply a light-on-the-
land ethic are critical. As all sites and conditions do not require the same treatment, and there may be
many ways to accomplish a silvicultural objective through logging, it is important to recognize where LOL
approaches are needed. The need for LOL increases as:

B the silvicultural prescription includes more residual trees because of the need to protect
those remaining trees from scarring and rot damage and because it takes more time and
care to work around residual trees, and;

B site conditions warrant (e.g., soils that are wet, non-frozen, or have more loam, silt, or
clay; steep topography).

Light-on-the-land techniques

Individual state best management practices or forest management guidebooks often include a wealth of
LOL techniques to protect water quality and site productivity such as:

Combine and integrate management activities to reduce trafficking on the site
Avoid unnecessary stand re-entry
Operate on snow or when soils are frozen or dry
Avoid operating during periods when insect infestations are possible
Avoid rutting within the site and hydrologic impacts from roads and skid trails
Divert water from roads, skid trails, and landings
Revegetate exposed areas
Infrastructure (roads, skid trails, and landings)
O Minimize within the harvest site
O Share between harvest sites
QO Plan during stand establishment
O Use designated trails
Avoid full-tree harvesting on nutrient-sensitive sites
Retain or redistribute slash on nutrient-sensitive sites
Operate machinery along the contours, rather than up and down slopes
B Store lubricants and fuels in appropriate (e.g., approved, labeled) containers that are
located away from water
B Incorporate and administer appropriate regulations in the timber sale contract

Techniques that do not often appear in guidebooks include:

B When thinning a stand, mark it so that there is enough room for equipment to operate

B Final cuts in shelterwood, seed tree, or other situations where natural regeneration has
established should be planned for winter when snow cover protects seedlings and the soil is
frozen

B Swing trees out of sensitive areas using felling machinery. Use the full reach of a
mechanical boom whenever possible.

B Minimize turning and curves when planning skidding trails during thinning operations. The
best skid trail route is generally the straightest possible, over the most level terrain.

B Locate skid trails to accommodate future as well as current harvests. Use designated skid
trails to reduce trail density and to control the path of skidders and forwarders.
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B Select open areas along skid trails where skidders and forwarders can turn around and
then back up to a load.
B Consider the dimensions of logging equipment when planning trails and roads. Where
possible, match equipment size to the size of the timber to be harvested. Because they are
shorter and can maneuver more easily through residual trees, horses and forwarders may be
a better choice than skidders.
B For thinning operations,
O Consider use of a tree-length or shortwood harvesting system as the tree size
(i.e., length or the material and elimination of the branches and top material) is
reduced as compared to the full-tree system.
O Use directional felling techniques to align stems at a thirty to forty-five degree
angle to the trail to limit trafficking
O Cut stumps as low as possible on skid trails to reduce load shifting.
O Designate bumper/rub/turn trees at curves and turns in the skid trail to protect the
residual trees from scarring.
B If ground strength permits, maximize payloads to reduce the number of required trips.
B Communicate the harvest plans to the buyer and on-the-ground operator(s) through an
on-site walkover conducted prior to commencing any harvesting activities.

Light-on-the-land equipment

In addition to the techniques identified above, existing equipment may be modified or other equipment
used to address specific concerns. Some of the possible options are noted below:

B Equipment modifications
O Swing-to-tree vs. tree-to-tree felling equipment

Swing-to Tree Harvester Tree-to-tree feller buncher

34 Silviculture



O Cable vs. grapple skidding

Cable skidder Grapple skidder

O Aerial yarding systems from stump to landing

O Spread equipment weight over a wider area to reduce the pounds/square inch of weight
(low ground pressure options)

High flotation tires Dual tires
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Wheel tracks Tracked machinery

O Reduce machine weight/small-scale equipment

B Apply temporary crossing structures over areas with weak soils

Drive on slash mats or corduroy Wood aggregate

HDPE plastic
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Tree-to-tree feller-bunchers traverse more of the area and lead to more scarification than excavator-type
feller-bunchers or chain saw felling

As compared to tree-length skidding, full-tree skidding increases scarification because limbs act as a rake.
If organic matter is thick or understory vegetation is dense the opposite may be true.

Skidding increases the amount of scarification over forwarding since limbs or tops are allowed to drag.

Felling machines with the ability to remove trees from both the front and side of the machine allow you to
thin within leave rows. Select machinery with zero or minimal tail swing so that the machine’s width is no
wider than the tires or tracks.

Availability of a small felling machine with a narrow forwarder or skidding allows you to specify a narrower
thinning corridor. The tradeoff may be that you remove more rows because of the limited reach of the
machinery.

Mechanical fellers (e.g., cut-to-length feller processor) with a telescoping boom better protect the overhead

components of the stand than does a knuckleboom.

Table 1. Basic harvesting components, associated activities, and options for accomplishing each
component.

Component Possible activities Options

Timber acquisition Move to tree prior to felling Walk

Machine (rubber or tracked)
Drive-to-tree
Swing-to-tree

Felling Fell, limb, top, buck into individual | Chain saw
products
Mechanical
Bunching operation
No bunching

Primary transportation Move felled tree(s) to central Animal

landing Horse

Skidder (rubber or tracked)
Cable
Grapple
Clambunk
Forwarder
Cable yarding

Processing Delimb, buck/slash into individual |Delimber
products, debark, chip, or no Chain saw bucking
processing Mechanical slasher
Debarker
Chipper

37 Silviculture




Table 1 Cont’d. Basic harvesting components, associated activities, and options for accomplishing
each component.

Component Possible activities Options

Load products onto or into over- |Loader

Loading the-road vehicle Forwarder

Over-the-road vehicle transports | Trailer

Secondary transport products to mill Chip van

Table 2. Characteristics of timber harvesting systems in Minnesota.

Characteristic Shortwood Tree-length Full-tree
Chain saw Chain saw
Felling equipment Feller-buncher Feller-buncher
Harvester
Harvester
Forwarder Cable skidder
Off-l_’oad transport Cable skidder (limited Grapple skidder
equipment Cable yarder
use)
Horses
I Stump area .
Delimbing and Roadside
. . Stump area Cut-over (concentrated .
topping location o Not delimbed
within cut-over)
Roadside
Bucking location Stump area Off-site
Not bucked
e Evenly spread Evenly spread Roadside piles
Slash distribution Windrows Small piles No slash left
Roa(_jmde landing , Small Large Largest
requirements and impact
Maximum effective off- |, ¢ Cable & grapple skidders - 1000 ft.
road transport distance
Access road _
i p 27 ft./acre Cable & grapple skidders - 40 ft./acre
requirement
Area with vehicular traffic | Low Cable & grapple skidders - heavy
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Characteristic Shortwood Tree-length Full-tree

Ground disturbance - dry |Low Moderate Heavy

Ground disturbance -

Minimal Low Low
frozen
Ground disturbance - wet | Moderate Heavy Heavy
Protection of residual Good Moderate Poor

trees and regeneration

Source: Jaako Pdyry Consulting, Inc. 1992. Harvesting systems: A background paper for a Generic
Environmental Impact Statement on timber harvesting and forest management in Minnesota. Jaako Poyry
Consulting, Inc., Tarrytown, NY. 50 p.

1 Length of road required, on average, to access an area for logging.

Table 3. Applicability of timber harvesting systems to silvicultural systems and operations.

Operation Shortwood Tree-length Full-tree

EVEN-AGE

clearcutting

clearcutting w/ standing
snags & live trees

patch cutting Good

alternate strip cutting

progressive strip cutting

shelterwood cutting Good Moderate Poor
seed tree cutting Good Good Moderate
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selective thinning

row thinning

overstory removal
(shelterwood & seed
tree)

Operation Shortwood Tree-length Full-tree
UNEVEN-AGE

|nd|y|dual tree selective Good Poor Poor
cutting

group selective cutting Good Moderate Poor

Poor

Moderate

Good

Moderate

Poor

Table 3 Cont’d. Applicability of timber harvesting systems to silvicultural systems and operations.
Source: Jaako Pdyry Consulting, Inc. 1992. Harvesting systems: A background paper for a Generic

Environmental Impact Statement on timber harvesting and forest management in Minnesota. Jaako Pdyry
Consulting, Inc., Tarrytown, NY. 50 p.

Table 4. Advantages and disadvantages for the three harvesting systems.

Harvesting system

Advantages

Disadvantages

SHORTWOOD

Low initial investment and operating
costs (sometimes)

Less adverse site impacts

Stems remain clean and are less
prone to breakage

Residues remain at the stump

Branches and slash may be left on
skid trails, protecting soil and roots

Less support equipment needed
Smaller landings needed
Skid trails may be meandering

Narrower skid trails needed

High initial investment and operating
costs (sometimes)

Lower production

May be labor intensive (skilled labor,
workers' compensation)

Can't put on a heavy load on steeper
slopes

Slash mat may be inadequate to fully
support some equipment

40
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Harvesting system

Advantages

Disadvantages

TREE-LENGTH

Branches remain at the stump

In-stand residue helps to protect the
soil from machine traffic

Roadside slash is greatly reduced
Landings are somewhat smaller
Skid trails don't have to be as wide

Bumper trees for load compression
are less critical

Wood tends to be dirty

Soil damage in skid trails may be
greater if branches are not left on the
trails

Damage to residual trees and
seedlings may be greater/Bumper
trees are needed

FULL-TREE

41

Maximizes volume recovery/unit area

Highly mechanized with high
productivity

Less labor/unit volume

Concentrates many operations at a
central point, permitting bulk
operations. This is a particular
advantage when trees are small

Softwood limbs reduce soil
disturbance and damage to residual
stand

Cutover area is left clear of residue,
minimizing site preparation and
planting costs

Generally the lowest possible harvest
cost/unit

High initial investment and operating
cost

Requires a lot of support
equipment/larger landing space is
required

Moves are more expensive

More timber required in short- and
long-run

Machines may be heavy, causing root
damage, soil compaction, and
possible rutting

High flotation tires may be needed,
thus increasing cost and minimum trail
width

Limbs increase load width and may
cause damage to residuals

Loss of high value may occur

May result in more slash at the
landing

Residues are not left at the stump

More seed cones and nutrients are
removed from the forest
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Managing for Ecological Objectives

Managing for ecological objectives often involves maintaining or enhancing ecological complexity in a
stand, as determined by structural and compositional characteristics. It is a fact that traditional silvicultural
approaches, especially those that are aimed primarily at management for timber, simplify the structure and
composition of forest stands relative to conditions occurring in unmanaged (and naturally disturbed) stands.
If your objectives include management for native species diversity, non-game wildlife habitat, and more
aesthetically diverse conditions, than you should consider managing stands to enhance ecological
complexity.

Ecologically complex

stands are typically Mature Forest
composed of more than

one tree species, often

including species that have

little or no commercial

value. Complex stands

often include more than

one age class, or at least

some older individuals

within the stand. Complex

stands tend to have a

wider range of tree sizes,

including some (or '
sometimes many) very - 4 B B NN SR e

large individuals.

Ecologically complex Simple Complex
stands may contain
abundant and sometimes
diverse understory and
groundlayer plant
communities. Complex "fnung Fﬂreslt
stands tend to have

abundant numbers of

standing snags and dead

trees on the ground, as

well as trees of limited

commercial but high

ecological value, such as

cavity trees and wolf trees

(Figure 1).

Ecological complexity also didi * + ‘:_‘L} 1‘ i M i t

is expressed as spatial |
variation or heterogeneity

in the above ;
characteristics. In other Simple Complex
words, complex stands
vary in structure and
composition from one spot
to another, compared to

Figure 1. Stylized representation of structurally simple versus structurally
complex stands for both mature (top) and young (bottom) stand
conditions.
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simplified stands that are often uniform throughout in their structure and composition. The sustainability of
native species populations (one aspect of biological diversity) is often dependent on the availability of
structures and the heterogeneity that exists in complex forest stands.

This is not to say that all stands should be equally (or highly) complex, indeed a range of variation should
exist in the broader landscape. The level of ecological complexity you might desire will depend on the
dominant species in your forest and your objectives (for example, a mixture of objectives including timber
management or primarily songbird watching). Not all forest types are equally complex naturally. For
instance, jack pine forests are naturally less complex in structure and composition than are northern
hardwood forests. However, virtually all forests, including jack pine, that are managed principally for timber
are less complex when compared to unmanaged, naturally occurring stands of the same type. Another
point to remember is that stand complexity is not simply a feature of mature and old-growth stands. Even
young stands regenerating after stand-replacing natural disturbance display significant complexity in terms
of residual live trees that occurred singly or in patches, as well as abundant snags and logs on the ground,
and patches of undisturbed understory vegetation (Figure 1).

Emulation of Natural Disturbance and Stand Development

A general framework for adding ecological complexity to forest stands is to implement management
activities, particularly regeneration harvesting and thinning, in ways that emulate the outcomes of natural
canopy disturbances (harvesting) and natural stand development processes (thinning). You can accomplish
regeneration harvests in ways that sustain or enhance the number of tree species in the stand, as well as
the size and age range of trees, the number of snags and downed logs, and the abundance and types of
understory plant species. Similarly, you can implement commercial thinning, and other intermediate stand
treatments, in ways that increase spatial heterogeneity in structure and composition.

An essential first step in applying principles from natural disturbance regimes and stand development to
ecological forestry is to understand that creating and perpetuating appropriate structural, functional, and
compositional attributes in stands is often the primary management objective. Adopting a mind-set of forest
continuity rather than forest termination is helpful in opening yourself to the possibilities inherent in
ecological forestry. You must put aside the notion that all forest stands must be terminated and new ones
regenerated at some point in the future! Ecologist have learned that at least some structural elements of
the stand (e.g., large live trees, snags, downed trees) are continuously maintained even under stand-
replacement disturbance regimes and that such stands can often be managed with sufficient levels of
retention so as to maintain at least some level of continuous forest influence over the site. Of course,
where tree- and gap-based disturbance regimes are characteristic of the forest type or site, natural stands
are rarely, if ever, terminated. In a very real sense, natural situations in which forest stands are completely
terminated and replaced by a new stand are rare rather than common , however common we have made
even-aged stands in production-oriented landscapes.

Principles of Ecological Forestry
Forest management focused heavily on enhancing ecological complexity is an evolving area of interest. It
can be a major objective or be incorporated into management for objectives such as income, wildlife

habitat, or recreation. It involves consideration of three basic principles:

B Incorporation of biological legacies (features of pre-disturbance forests) into harvesting
prescriptions

B Incorporation of natural stand development processes into intermediate treatments

B Allowing appropriate recovery periods between regeneration harvests
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Principle 1: Incorporation of biological legacies into harvesting prescriptions

Biological legacies are the organisms, structures, and biologically-created patterns that persist from the
pre-disturbance forest and influence development in the post-disturbance stand. These legacies include

those described in Table 1.

Table 1. Categories of biological legacies with some examples of types.

Legacy Category

Examples

Organisms

Sexually mature and intact live trees

Tree reproduction (seedling and sapling banks)
Vegetatively reproducing parts (e.g., roots)
Seed banks

Shrub, herb, bryophyte species

Mature and immature animals and microbes

Organic matter

Fine litter

Particulate material

Organically-derived structures

Standing dead trees
Downed trees and other coarse woody debris

Root wads and pits from uprooted trees

Organically-derived patterns

Soil chemical, physical, microbial properties

Forest understory composition and distribution

Biological legacies persist even through the most intense stand-replacement disturbances; they play critical
roles as habitat and modifiers of the physical environment; and they are difficult or impossible to re-create
in managed stands, hence the interest in carrying them over from the pre-disturbance stand.

Even-aged Management - One can easily modify even-aged regeneration harvests to incorporate
biological legacies by retaining some large (healthy) trees of the dominant species as well as other
species, by not cutting decadent trees and snags, and by protecting or creating some dead and
downed trees. Consider including a range of sizes of retained trees, snags, and down trees (coarse
wood debris), including large and very large trees. Also, you might give special consideration to
retaining actual or potential habitat trees, including cavity trees, mast trees, nest trees, etc. Finally,
try to retain and protect natural regeneration of desired species when it occurs.
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The number or amount of structures (live trees, snags, logs, etc.) you might retain is dependent on
management objectives and desired future conditions. For instance, retention of a low stand density or
basal area of residual trees (e.g., 10-20 ft 2 /ac), followed by regeneration, will result in a largely single
age stand containing scattered older trees. In contrast, retention of 30-50 ft 2 /ac of residual basal area
will result in stands better described as two-aged. Keep in mind that there may be growth reductions
when regenerating intolerant species under even modest levels of a residual overstory. However,
maximizing regeneration growth throughout the stand is not of primary concern when managing for
ecological complexity. Moreover, the continued growth of the residual trees may help to compensate for
growth losses of regeneration.

You also should consider the spatial pattern of biological legacies within your harvest unit. Some
ecological objectives are best sustained by dispersing retained structures (live trees, snags, coarse
woody debris, etc.) over the harvest unit while other objectives are best served by aggregating
structures (Figure 2). Within a single harvest unit, the retention pattern may vary from dispersed to
aggregate by alternating between patch and dispersed cutting across the stand. In this way, spatial
variation in stand structure is assured. Moreover, retaining some large patches of live trees is a
straightforward way to insure protection of undisturbed understory plant communities and forest floor
environments.

Two-Aged Management - With minor adaptations, two-aged systems provide excellent opportunities to
incorporate biological legacies in management. Many of the same consideration outlined for even-aged
management are also applicable to two-aged systems. As with even-aged systems, you might retain
overstory trees (and other legacies) in spatial patterns that range from dispersed to aggregated within
the same harvest unit.

Two-aged stands, that leave significant numbers of overstory trees in aggregates, or clumps, provide
good opportunities to protect understory plant communities and forest floor environments since there
can be places in the stand where harvesting and traffic is easily excluded.

Uneven-aged Management - Retention of biological legacies is also relevant to silvicultural
prescriptions for uneven-aged management, i.e., single-tree and small group selection. You can easily
modify selection prescriptions to incorporate biological legacies. Marking guidelines can explicitly
incorporate objectives of maintaining old and large trees and their derivatives (large snags and downed
boles) as part of the stand. If group selection is used, you can retain snags and downed boles, and
occasionally live trees, in the gaps. The size and shape of openings used with group selection can also
be chosen to match the sizes and shapes of gaps created by natural disturbances, which typically
include a greater number of small openings than large ones .

Principle 2: Incorporation of natural stand development processes into intermediate treatments

This principle involves activities that are comparable to intermediate stand-level treatments in traditional
silviculture, such as thinning and pruning, and may include such practices. However, the objective is to create
structural and compositional diversity and heterogeneity throughout the stand, rather than to concentrate
growth on selected trees and create spatially uniform stands, which is the case with usual stand tending
treatments.

Foresters generally model intermediate stand-level treatments such as thinning and pruning on natural stand
development processes, including competitive tree mortality and tree decline with age. In application,
traditional thinning and pruning regimes create spatially uniform stands. To increase ecological complexity in
established stands, consider modifying intermediate treatments to include variable density thinning and
ecological under burning (in appropriate forest types), as well as non-traditional activities such as decadence
creation and introduction of compositional diversity.
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Variable density thinning - Thinning is typically distributed equally across a stand specifically to
create a uniform distribution of equally sized crop trees, all having equal access to light, water, and
soil nutrients. In contrast, most stands where natural thinning is occurring display greater spatial
variation in tree densities, growth rates, and tree sizes. Moreover, competitive thinning is augmented

by small-scale canopy disturbances from wind, lightning, insects, or fire that can occur at virtually
anytime during stand development.

Uncut Stand

S

Dispersed Retention

Aggregate Retention

Figure 2. Stylized representation of overstory retention harvesting. (top) unharvested stand;
(middle) dispersed retention; (bottom) aggregate retention.
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Variable density thinning is an approach that emulates the natural variation that results from both
competitive mortality and small-scale canopy disturbance. With this approach, your thinning pattern
will include unthinned areas and heavily thinned patches (i.e. gaps), along with variable levels of
thinning and residual density between these endpoints (Figure 3). The result is greater spatial
variability in stand densities, thus providing for greater complexity and heterogeneity in structural
conditions across the stand.

Figure 3. Stylized representation of variable density thinning. (top) unthinned stand; (bottom)
variable thinned stand..
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Ecological under burning - Periodic surface fires were a natural occurrence in several regional
forest types, including red pine, mixed-pine, and oak. Periodic use of prescribed surface fire can
help maintain (or restore) understory conditions that are reflective of conditions occurring prior to
regional fire suppression. To promote ecological complexity, consider prescribed burning yet
allowing the fires to burn heterogeneously across the stand, that is, make no special effort to insure
that the entire stand burns evenly. Moreover, periodic surface fires can be an effective means of
inducing decadence creation (see below), if scattered trees are killed by the fire. Take care to avoid
inducing excessive injury or mortality, as might occur if thick duff layers surround most trees or if the
fire occurs during excessively dry.
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Decadence creation - Consider deliberate felling of live trees to increase the
abundance and types of dead trees (coarse wood debris) on the ground. Also,
consider girdling (or killing in some other way) living trees to create snags. A
range of tree sizes should be considered, including large diameter stems. Use
of blasting cord to damage the crowns of live trees is another approach for
creating snags. This method creates conditions and rates of decline that are
similar to that occurring after a fatal lightning strike.

Introduction and conservation of compositional diversity - When applying
variable density thinning with large gaps, you may promote the establishment
of additional mid- and intolerant tree, shrub, and herbaceous species in the
stand. Moreover, during the course of stand development, shade tolerant
species may become established in the canopy. Encourage the establishment
of these species for their contributions to ecological complexity and native
plant diversity. Moreover, when thinning, consider leaving non-commercial tree
species in the stand, i.e., retaining these species for their contributions to
ecological complexity, biological diversity, and wildlife habitat and food. Finally,
consider underplanting tolerant species, e.g., eastern white pine under red
pine, where seed sources or advance regeneration is lacking.

Red pine snhag
created using
blasting cord to
remove the live
crown. Chippewa
National Forest,
Itasca County,
MN (H. Tjader)

Principle 3: Allowing appropriate recovery periods between regeneration harvests

Recovery periods between regeneration harvests are needed for development of significant structural and
compositional complexity in forest stands after disturbance. Stands managed primarily for timber are
typically harvested before significant levels and types of complexity have developed (Figure 4). Most
commercially managed stands lack trees of very large diameter, significant amounts of large dead wood,
and trees with unique structures (cavities, large limbs, heartwood). Moreover, they may be compositionally
limited, particularly in the canopy, because not enough time has passed for tolerant species to be recruited
from the understory into gaps opened by natural thinning and disturbance. This problem is compounded if
the stand was deliberately or inadvertently simplified during establishment, e.g., no legacies retained.

In general, stands (or individual trees within them) are harvested based on size and economic
considerations. In general, economic rotation ages, typically 50-90 years, are shorter than those required to
develop complex stand structures. If the primary management objective is development of ecological
complexity, then management based on economic rotation ages may be inappropriate. Rather, the primary
determinant of intermediate harvest or rotation age in such cases would be the development of desired or
acceptable levels of structural complexity, compositional diversity, and within-stand heterogeneity.
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Figure 4. Stylized representation of the development of structural complexity during
stand development. In traditional forest managment, stands are harvested prior to
significant levels of complexity developing.
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