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Preface and Acknowledgements
The guidance in this manual has been developed to update previous Michigan Department of Natural
Resources (DNR) guidance written circa 1980-2000. Updates include the addition of new Michigan- and State
Forest-specific information on cover type characteristics and site productivity, and revised management
recommendations for State forest lands based upon management experience and observed outcomes over the
last 20 years. Updated Michigan-specific silviculture guidance is necessary because:
o Forest resources change over time, and past recommendations may no longer be appropriate for
today’s forests;
e Previous guidance lacked Michigan-specific site productivity differentiation;
¢ Management experience indicates that some previously recommended techniques are not reliable or
are no longer advisable.

Management of Michigan forests has grown more complex over time, due in part to maturation of forests that
originated after widespread harvesting and fires in the 1900’s to 1940’s, and also in response to changing
demands on our forest resources for timber, wildlife habitat, biodiversity, recreation and aesthetic values. In
response to these changes, the practice of silviculture is also changing.

e Silviculture is defined as “the art and science of controlling the establishment, growth, composition,
health, and quality of forests and woodlands to meet the diverse needs and values of landowners and

society on a sustainable basis™.

In this guidance, Michigan-specific information is present regarding:

Site productivity, via Kotar habitat type classification;

Cover type composition, age-class distribution and structural characteristics;

Forest pests and diseases;

Wildlife species and habitat values provided by cover types and associated tree species.

The guidance is structured as a manual, with one chapter dedicated to each of the major forest cover types.
Each chapter begins with a discussion of the silvics of the major species comprising the cover type. Silvics is
defined as “the study of the life history and general characteristics of forest trees and stands, with particular
reference to environmental factors, as a basis for the practice of silviculture”. In this guidance, the
characteristics and ecological adaptations of the major, and in some cases, minor, species are compared, so
that managers may gain insight on how the species may respond to different management techniques. The
discussion of silvics is specific to Michigan, and may be applied to all ownerships.

Following the silvics discussion, management guidance is provided for use on DNR-administered State forest
lands. The management guidance is intended to complement other guidance in effect for management of State
forests, specifically:
e Within-Stand Retention Guidance;
Woody Biomass Harvesting Guidance;
Sustainable Soil & Water Quality Manual,
The 2008 Michigan State Forest Management Plan;
Other local and regional State Forest management plans.

Resulting discussion of some issues may occur with greater brevity, and discussion of some issues may be
omitted in order to reduce redundancy with other guidance that is in effect. Managers of other lands are
advised to refer to the above resources and/or seek comparable guidance.

For ease in navigation, a table of contents is provided for the manual. The table of contents is constructed with
embedded bookmarks that can be used to quickly navigate to the desired sections.

' The Dictionary of Forestry, 1998, Society of American Foresters, John A. Helms, editor.
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The manual may be viewed, saved or printed in its entirety, or as individual chapters.

For DNR State forest land management staff, this guidance should complement existing forest planning
processes. Managers should consider the Silvicultural Guidance, as well as Regional and State Forest
Management Plan cover type and local area recommendations when evaluating stands for potential
treatments. Often the process of selecting stands for treatment occurs at the same time that short-term
management objectives are developed through the inventory and annual compartment review process. When
developing stand level management objectives, managers should:

e Take biological, economic, and social values or uses into account. These values include:
0 timber production
wildlife habitat
aesthetics
recreation
watershed protection
0 biodiversity conservation
e Set stand management objectives that are long-term, but adaptable. Objectives should consider site
potential, current stand conditions, and long-term landscape strategies.

o Evaluate proposed stand level objectives within the context of higher level landscape or regional
plans, where they exist.

0 Be cognizant that multiple objectives can often be achieved simultaneously with minimal
compromise. For example, snags can often be retained for wildlife habitat while simultaneously
satisfying timber production objectives.

0 Use habitat type (Burger & Kotar 2003) as the preferred indicator of site potential and to inform
decisions when setting objectives for stand species composition or regeneration.

O O0OO0O0

Construction of this manual began in 2004 with assignment of the task to the DNR’s Silviculture and
Regeneration Team (S&R Team), a subgroup of the Vegetation Management Team. Each cover type was
assigned to a lead author and a small group of co-authors from among the S&R Team members, and Dr.
Michael Walters (Michigan State University, Forestry Department) for the northern hardwood chapter. Specific
lead- and co-authors are identified in the preface for each cover type chapter. Members of the S&R Team and
DNR Forest Resources Division’s Forest Planning and Operations Section provided review and comment, and
are named as reviewers in the acknowledgments for each chapter.

Vi
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Introduction: Silvics and Management Guidance by Cover Type

This section presents silvics and management guidance for forest cover types that are common to the
Northern Lower Peninsula (NLP) and the Upper Peninsula of Michigan. This guidance does not address
management of Southern Lower Peninsula (SLP) forest cover types, in part because site conditions are
significantly different between the upper two-thirds of Michigan and the southern region, and also because
most site-specific DNR forest management experience is related to state forest lands. The DNR-administered
lands in the SLP are limited to state game areas and state parks and recreation areas, which are managed
primarily for the purposes of wildlife habitat and outdoor recreation.

Future revisions may include discussion of forest cover types particular to the SLP such as central hardwoods,
black walnut, black locust, and oak-hickory.
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1. Northern Hardwood

Preface and Acknowledgements

This document provides guidance for the management of northern hardwood stands in Michigan. General
information on the ecological characteristics of the common tree species, wildlife and biodiversity values, and
an overview of forest health concerns common to northern hardwood stands are presented in the Silvics
section. Guidance for management of northern hardwood on DNR-administered State forest land is presented
in the Management Guidance section. Both sections are intended to be used together.

The guidance was written over an eight-year period by a core team of DNR Forest Resources Division and
Wildlife Division staff, and Dr. Michael Walters, a forest ecologist with Michigan State University, Department of
Forestry. The DNR staff on the core writing team included Jim Ferris, Jim Bielecki, Sherri MacKinnon, Bob
Heyd, Scott Throop, and David Neumann. Editors include: David Neumann, Debbie Begalle, David Price, and
Georgia Peterson.

Additional review and comment was provided by:

Amy Clark Eagle DNR FRD
Jim Ferris DNR FRD
Keith Fisher DNR WLD
Kerry Fitzpatrick DNR WLD
Tim Greco DNR FRD
Dr. Bob Heyd DNR FRD
Doug Heym DNR FRD
Monica Joseph DNR WLD
Keith Kintigh DNR WLD
Don Kuhr DNR FRD
Sherry MacKinnon DNR WLD
Richard Mergener DNR FRD
Roger Mech DNR FRD
Ron Murray DNR FRD
Bill Sterrett DNR FRD
Jason Stevens DNR FRD
Scott Throop DNR FRD

Dr. Michael Walters, = MSU Forestry

Northern Hardwood Silvics Guidance

Introduction

In this guidance, northern hardwoods are described as sugar maple or beech dominated stands with species
mixtures common to forests in the Northern Lower Peninsula (NLP) and Upper Peninsula (UP) of Michigan.
Maple-beech dominated stands containing species typical of southern hardwood forests (e.g., sassafras and
tulip poplar) that are more common in Southern Lower Michigan will be described in the yet-to-be-developed
Central Hardwoods guidance. Northern hardwoods are also described as the chief component of the mesic
northern forest community (Cohen 2000) or northern mesic hardwood forests (hemlock-hardwood forests)
(Dickmann 2004).

The information provided in this document is posed in general terms, since stand dynamics are affected by a
myriad of factors, in addition to species silvical characteristics. This guide is intended as one of several aids for
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the practice of northern hardwood silviculture. The discussion that follows is organized under the following
general headings:

Range and Composition of the Northern Hardwood Cover Type;
Common Stand Conditions;

Site and Successional Characteristics;

Reproductive Characteristics;

Damage/Mortality Agents;

Wildlife Habitat Attributes.

Range and Composition of the Northern Hardwood Cover Type:

Northern hardwoods occur on more than 50 million /
acres throughout the Northeast and North Central
regions of United States (Smith et. al. 2003). In
Michigan, northern hardwood stands occur on more
than 6 million acres of forest land (FIA 2013 data). The
geographic range of northern hardwoods has
conventionally been defined by the natural limits of its
dominant species: sugar maple, American beech,
yellow and paper birch, and eastern hemlock. It is also
the principal component of mesic northern forest
communities. Figure 1.1 depicts the likely distribution of
mesic northern forest communities in Michigan, circa
1800.

Northern hardwoods occur across a broad range of

. . L d
land forms and soil drainage classes, but most often e
occur on well to moderately well drained sites, with Communiy rango
. . . [ Prevalent or likely prevalent
high soil moisture. Compared to other upland forest (] irquento kel froquent
types, northern hardwoods usually occupy sites that [ Amentortikey absent N
are more nutrient rich and mesic. farerererere--— RN/ [ S

Lo

. . . . Figure 1.1. Likely Distribution of Mesic Northern Forest
Less mesic and less fertile sites typically support Communities in Michigan by County, circa 1800. (Albert et.
conifers and conifer-oak-red maple mixtures; whereas  al. 2008)

wet sites support lowland conifers and hardwoods.
Within the range of nutrient poor/dry-mesic to nutrient rich/mesic sites, species compaosition and productivity
vary dramatically. Common overstory species are listed by habitat type in Table 1.1.

Table 1.1. reveals several trends in overstory composition related to present site conditions:

e Sugar maple is dominant on all but the poorest sites, where red maple is often dominant instead.

e Common associates over a broad range of site conditions include eastern hemlock, yellow birch, and
American beech, except in the Western Upper Peninsula (WUP).

e On poorer sites, common associates include red oak, quaking aspen, bigtooth aspen and paper birch.

e On richer sites, basswood and white ash are more common.

o Other associated tree species occurring in lesser numbers include black cherry, white pine, balsam
fir, white spruce, hop-hornbeam, red pine, and elm.

Compared to survey records collected prior to the logging era, today’s northern hardwood stands have less
white pine, hemlock, yellow birch, and red pine, and more sugar maple, aspen, paper birch, and red oak.

Northern hardwood stands are usually described as late-successional or climax forests. Shade tolerant species
predominate; however, representation by intermediate shade tolerant species (i.e., red oak, white ash, black
cherry) can be maintained through creation of 70 to 100+ foot canopy gaps during harvesting or by medium-

3
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scale natural disturbances (e.g., similar size canopy gaps created by ice storms, or windthrow of a few to
several trees). Occasionally, stands of early seral species (aspen and birch, with some conifers) can become
established where overstory trees and advanced regeneration of tolerant species are killed, and sufficient
mineral soil is exposed. These conditions often result from wildfire. Alternatively, stands resulting from small- or
medium-scale disturbances (e.g., wind or ice storms) can be comprised of the same shade tolerant species
that dominate late succession, if advanced regeneration survives intact and/or there is vigorous sprouting from
the top-killed northern hardwood overstory.

In the early part of the 20" Century, northern hardwood acreage declined after post-logging fires converted
many acres to aspen. Since fire prevention and control measures have been implemented, northern
hardwoods acreage has rebounded, showing significant increases between the 1933 and 1993 Forest
Inventory and Analysis (FIA) surveys (Doepker, 2000). Logging history has strongly influenced current northern
hardwood stand conditions in other ways. Selective removal of white pine, and in some areas hemlock,
occurred in the mid- to late-1800’s. Hemlock was used for the tanning industry. Extensive hardwood logging
followed selective pine and hemlock removals, via commercial clearcuts in the first half of the 20™ Century. The
legacies of the logging era include:

A. Conversion of many stands from uneven-aged to even-aged structure. These stands are now 60 to
100 years old.

B. Lower representation of pine and hemlock species.

C. In high-graded stands, greater representation of poorly-formed older trees mixed with a younger
even-aged cohort.

Since the 1950’s, most stands have been managed using periodic thinnings and/or selection harvests with the
intent of restoring uneven-aged stand structure.
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Table 1.1 Typical Michigan Northern Hardwood Species Composition by Habitat Type, Overstory Composition, & Growth
Potential & Site Index for Sugar Maple (Burger & Kotar 2003).

Species
Typical more Sugar Sugar
overstory common Maple Maple
Moisture | Nutrient Habitat species historicallg/ Growth Site
Regime Regime | Region Type composition1 than now Potential | Index
sugar maple, ver
WUP | AOCa basswood, white | white pine y 65-70
. good
rich-very ash
rich sugar maple, ver
NLP | AFOCa basswood, white | hemlock y 65-70
good
ash
sugar maple,
ATD, basswood, red hemlock, very 60-65
ATD-Hp maple yellow birch good
WUP &
sugar maple, hemlock ver
g ATD-Ca | basswood, white | 550 o 60-65
meri(;l;]m' ash, yellow birch P 9
n
= EUP | AFOAs | Sugarmaple, hemlock very 60-65
0] beech good
o sugar maple,
= NLP | AFO basswood, \?\méoc:ﬁle good 55-60
beech, white ash P
sugar maple,
. ATFAs beech, hemlock, hemlock_, very 55-60
mesic : yellow birch good
yellow birch
sugar maple, red
) maple,
ﬁ$mgm basswood, yellow h§|r|2 lv(\)/ctl)(i'rch good 60-65
" WUP birch, paper y
2 medium birch, aspen
(Q sugar maple, red
S maple,
ATM basswood, yellow hemlock, good 55-60
; yellow birch
birch, paper
birch, aspen
EUP AEPO sugar maple, hernloc_k, very 55-60
beech, red maple | white pine good
sugar maple, red
WUP | AARLy maple, yellow hemlock poor 55-60
poor- birch, red oak
medium red maple, sugar | white pine,
EUP | ATFD maple, beech, hemlock, good 55-60
hemlock yellow birch
red maple, sugar L
medium WUP AVVb, maple red oak, Wh'te. bine, fair 60-70
AVb . red pine
dry- aspen, birch
mesic red maple, sugar ellow birch
poor WUP | AArAst maple, red oak, y " | poor 45-55
aspen hemlock

'Current dominant overstory species composition. Species are listed in decreasing order of abundance (left to right).

2Species more common at the time of European settlement than they are today.
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Common Stand Conditions

Most northern hardwood stands are even-aged or uneven-aged second growth, although some stands retain
old-growth conditions in specific reserve areas that have not had a history of intensive logging. Northern
hardwood stand condition usually reflects the frequency and severity of past natural disturbances and
management activities since then. Stand condition classes can be described as follows:

o Even-aged stands are “composed of a single age class, in which the range of tree ages is usually +/-
20% of rotation age” (Helms, 1998). In northern hardwood, this is usually 10 to 30 years.
e Uneven-aged stands typically have three or more distinct age classes represented within them
(Helms, 1998).
e Old-growth northern hardwoods are uneven-aged, vertically complex systems, characterized by:
o Numerous overstory trees older than 150 years;
o Multiple canopy layers (including super canopies where white pine and white spruce are
present);
Large canopy gaps;
Numerous tip-up mounds;
Approximately 100 trees/acre with a basal area greater than 110 ft2/acre;
Significant accumulation of coarse woody debris;
Greater than 6 snags/acre with diameters ranging between 28-83 inches;
High plant-species richness.

O O0OO0OO0OO0oOOo

The highest quality old-growth stands are usually greater than 200 years of age and have never been altered
or harvested by humans. Old-growth northern hardwood stands are characterized by small canopy gaps
created when single trees or small groups of trees die or are damaged by wind. These gaps are then colonized
by seedlings already established in the understory, creating the multiple age classes within the stand. Time
between large disturbances on a given small area is usually quite long (i.e., > 100 years), but small gaps occur
frequently within a stand and account for the canopy development of the majority of the overstory trees.
Infrequent, large scale, catastrophic wind disturbances destroying significant portions of the stand have been
estimated to occur on a 1,200 to 1,500 year cycle. These large scale disturbances have little effect on species
composition, but contribute to both structural and spatial diversity (Cohen, 2000 & 2005).

Michigan’s northern hardwood old-growth is largely confined to remnant stands with little history of logging
including Porcupine Mountains State Park, Sylvania Recreation Area, and the Huron Mountain Club. Small
remnant patches may occur elsewhere, including on State forest lands.

Site and Succession Characteristics

Northern hardwoods occur on a broad range of landforms and soil drainage classes; from till plains and
moraines to outwash sands; and on well-drained or excessively well-drained to somewhat poorly-drained soils.
They commonly occur on sandy loams and clay loams, but can also occur on loamy sands where soil moisture
is adequate. Soil pH can range from 3.7 to 7.5 in northern hardwood stands, but a pH between 5.5 and 7.5 is
most common. Tables 1.2 and 1.3 summarize site preference and successional characteristics for the major
and minor species associated with northern hardwoods. Moisture and nutrient preferences, typical maximum
lifespan, and successional status are described for each species.

Moisture and Nutrient Affinities: Information on relative site nutrient and moisture regimes can be inferred
somewhat from differences in stand overstory species composition. However, habitat type can be a more
accurate index of these characteristics than canopy composition (Berger and Kotar 2003). Relative to other
forest communities, northern hardwoods are found on the most nutrient-rich and mesic to wet-mesic sites,
typically on moraines, drumlins, and lacustrine deposits. These landforms tend to have high water-holding
capacity without being waterlogged for extended periods of time, a characteristic that benefits northern
hardwoods. However, within these sites, species composition can vary considerably, in part due to variation in
moisture and nutrients.
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On more poorly drained wet-mesic sites, the relative importance of hemlock, yellow birch and red maple is
often higher. Ash is more important on the most mesic sites. Oak and pine are more common on less mesic
sites. Hemlock can also be an important component on some of the higher quality hardwood sites in the NLP.

Lifespan and Successional Status: The average lifespan of northern hardwood tree species varies over 5-fold.
Because many northern hardwood stands in Michigan are even-aged and 80 to 100 years old, many of the
short-lived early successional species may be near the end of their life expectancy, and declining in canopy
representation. Species such as white ash, basswood, paper birch, bigtooth aspen, and black cherry may be
difficult to replace barring stand-clearing disturbance. Species such as red oak and white pine that are often
characterized as mid- to late-successional are likely confined to early successional status on more
mesic/nutrient rich northern hardwood sites, but can be maintained in the overstory into late successional
stages due to their long lifespan. Late successional dominants such as sugar maple, hemlock, and yellow birch
(a gap maintained species in late succession forests), have life spans exceeding 300 years.

Table 1.2 Site & Succession Characteristics: Major Species.

Moisture | Nutrient | Lifespan Successional Status
Species Regime | Regime | (years) (e.g., early, mid-, late)
Sugar mesic medium | 300-400 [ A late successional, climax species, but can be early
maple to very successional following non-fire disturbances (wind,
rich logging) where early successional species are lacking
and sugar maple advanced regeneration or stump
sprouts are abundant.
Basswood | mesic medium 100-150 | Early successional but maintained in old growth by
to very vigorous stump sprouting of trees of all ages.
rich
Yellow wet to medium | 300-350 [ Can be early successional and in more or less pure
birch mesic to very stands. Maintained as a tree-fall gap-regenerated species
rich in old growth stands.
White ash mesic medium 100-150 | Early successional species. Is not common in old growth
to very forests.
rich
American mesic to | poorto 250 Late successional climax species
beech dry very rich
Red maple [ bimodal: | poor to 80-150 [ Early successional on rich mesic sites
--very dry | medium Late successional on oak-pine sites
to mesic
—wet
sites
Hop mesic medium 100-140 | Early to late-successional. Shade tolerant and saplings
hornbeam to very can be abundant in the understory but relatively short-
rich lived. Not an important gap species in late succession
forests.
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Table 1.3 Site & Succession Characteristics: Minor Species.

Moisture | Nutrient | Lifespan Successional Status
Species Regime | Regime | (years) (e.g., early, mid-, late)
Balsam dry to wet | poor to 150 Late. Can strongly dominate understories on the more
fir mesic rich nutrient poor and wetter sites in the northern parts of its
distribution.
Black very dry to | poor to <200 Early, but can be maintained in large gaps late in
cherry mesic very rich succession
Red oak very dry to | poor to 200+ Early, but long—lived.
mesic medium-
rich
Bigtooth | very dryto | poor to 100 Early.
aspen mesic very rich
Paper very dry to | poor to 100-140 | Early. Can be maintained as a gap species in old growth
birch mesic very rich stands, but perhaps only in boreal conifer dominated
forests.
White very dry to | poor to 300-500 | Early on richer, more mesic sites, but very long lived. Late
pine mesic medium successional climax species on oak-pine and pine sites.
Eastern very dry to | poor to 400 An important late successional climax species, but can be
hemlock | wet-mesic | rich early successional and found in more or less pure even-

aged stands. Many Great Lakes region stands are like
this, likely of fire origins.

Reproductive Characteristics
Reproductive characteristics vary significantly among species (Tables 1.4 and 1.5) and are important in
managing natural regeneration in northern hardwood stands. Adult tree characteristics related to seed
production (age, size, crown) are generally not discussed because they are qualitatively similar among all
species. Trees that produce the most seed are mature (but not over-mature and declining in vigor) and have
large, well-exposed crowns. Most species, except small subcanopy trees (e.g., hop hornbeam and balsam fir),
cannot be expected to produce appreciable seed until they are older than 50 years and greater than 10 inches

DBH.

Characteristics related to artificial propagation of seedlings from seed (seed mass, viability of stored seed,
stratification, dormancy, etc.) are not strongly relevant to the management of natural regeneration and are
covered in detail elsewhere (Bonner and Karrfalt 2008; Burns and Honkala 1990).

Seed Production varies among years for nearly all trees and shrubs (Tables 1.4 and 1.5). No northern

hardwood-associated species can be depended on to produce sufficient seed for natural reproduction and
adequate stocking in any given year, due to periodic low seed production years. Among the more dependable
species that produce seed in most years are red maple, red oak, basswood, yellow birch and paper birch.

Seed production variability is a considerable challenge for forest managers relying on natural regeneration of
desirable species.

There are some clues that can help managers predict when good seed crops will occur, such as flower
production in sugar maple, first-year acorn density in red oaks (because red oak acorns mature in the second
growing season), and years preceded by a severe drought. However, these clues only indicate a greater

likelihood of a big seed year since other factors (late spring frosts and current year droughts) can abort large

seed crops.

Seed Dispersal Distance refers to the distance from the tree that most seed falls due to gravity. This is

important for species that rely upon animals as the primary dispersal agent (Tables 1.4 and 1.5).

IC4111 (03/17/2015)




Seed Viability under natural conditions varies tremendously across northern hardwood species, from one or
two weeks for aspen to several years for black cherry (Tables 1.4 and 1.5). Extended seed viability (and
delayed germination) can have a strong impact on the amount of seed that is available for germination on the
forest floor. The effects of this existing seed bank can obscure the influence of recent seed production. For
example, more ash seed often germinates the second spring after dispersal than the first year. Black cherry
also provides a good example, where high seed bank densities can accumulate over time from long distance
and low density seed dispersal by birds, and can result in relatively high densities of black cherry reproduction
in areas with limited local availability of seed producing trees.

Seedbed and Light Requirements: Substrate conditions and light availability on the forest floor can have a
strong effect on the early establishment of seedlings. Virtually all species benefit from exposed mineral soll
mixed with humus. Small seeded species generally require a consistently moist, bare mineral soil mixed with
moisture holding humus or rotting wood for establishment. In contrast, most larger-seeded species are less
dependent upon such consistent seedbed conditions because they have greater reserves for early root growth
into lower, sub-surface mineral soil layers. Substrate conditions in stands can vary broadly due to variation in
past management practices, recent harvest practices, composition and site.

Given this potential variability, both stand substrate and potential post-harvest light availability should be
assessed and considered during silvicultural planning. Substrate conditions cannot be assessed in isolation,
because early seedling establishment also depends on light conditions on the forest floor, which are, in turn,
affected by the openness of the overstory canopy. In general, species that have small seeds and/or that are
less shade tolerant require partially-open canopies to provide enough light that is sufficient for growth, while
also maintaining a moist seedbed.

Sprouting Ability varies strongly among species. The potential for stump and root sprouting from harvested
trees needs to be considered in silvicultural planning for regenerating northern hardwood stands. Sprout-origin
trees can dominate seed-origin trees in many northern hardwood stands.

In addition to variation among species, there is also large variation in sprouting ability within species. In
general, trees that are young and vigorous have a greater ability to sprout than older trees, although some
species (such as basswood) maintain the ability to sprout vigorously to large sizes and old ages.

Shade Tolerance refers to the ability to persist for long periods of time in the understory of a closed forest
canopy. Shade tolerance is a major factor in the ability of a species to maintain populations of seedlings and
saplings in forest understories, and the ability of these populations to respond with increased growth (i.e.,
release) in canopy openings. This capacity has been assessed most rigorously for seedling- and sapling-sized
individuals. For some species, shade tolerance can change with size and/or age, both declining (e.g., black
cherry) and increasing (e.g., basswood). Some shade intolerant species are able to maintain shorter-term
populations of seedlings due to large energy reserves in seeds (e.g., oaks), but most seedlings die after 2 to 3
years.

Response to Release: Species differ in their response to release from suppression. Shade tolerant tree
species generally respond best to release and do so in canopy openings that vary in size from large gaps to
small clearings. Shade tolerance is important because sub-canopy trees of these species are more likely to
maintain vigorous, large crowns for longer duration under low-light, suppressed understory conditions.

Trees of any species will respond better to release when young and relatively vigorous, and with large crowns
and good form. Care must be taken in assessing older trees that will be released following partial harvests,
because those with a long history of suppression may be of poor form and prone to decay.
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Table 1.4 Reproductive Characteristics: Major Species.

Seed dispersal

Response to release &

Large seed Seed Seedbed & light Sprouting Shade established
Species crops Season Distance viability requirements ability tolerance seedling/sapling growth
Every 2 to 5 years | Early Fall 2-4 tree One winter Non-particular seedbed Vigorously if < | Very tolerant Strong release especially if
lengths requirements. 10" DBH suppressed < 20 years.
SUg?r Open to shaded light Grows well in partial shade created
mapie conditions by selection harvest systems and
larger openings.
Most years Fall — 2 tree lengths, | Upto 7 Well decomposed humus Very vigorous Intermediate Unknown response to release.
Winter some winters. is best. even as large as seedling, . )
disperses Germination _ I trees and up tolerant, as Once established, direct overhead
Basswood greater often delayed Partial shade. 25% lightis | 5100 years sapling/tree light is required for growth (group
distance by (e.g. 2" or 3¢ ideal for initial old selection or larger openings)
animals spring) establishment
Every 1to 2 years | Fall-Winter 3-6 tree >99% Disturbed mineral soil with Stump sprouts | Intermediate Does not respond strongly to release.
lengths; long germinates humus, and decayed wood | have low vigor . ) )
distances over | first spring substrates that are reliably Once established, seedlings/saplings
Yellow Snow orust moist. need overhead light. Does well in ¥4
birch acre openings
Open to partial shade. 40%
canopy cover is ideal.
Every 3to 5years | Fall 3-4 tree At least 3 Non-particular seedbed Vigorously if < | Tolerant when | Unknown response to release.
) . lengths winters. 75% requirements except 10" DBH young; Probably poor.
White ash | Dioecious germinate the | reliably moist soil. becoming , . _
ond spring ' intermediate Best growth in> 45% of full light.
Open to partial shade. Larger openings
Every 2-3 years After first < One tree One winter Non-particular seedbed Vigorously if < | Very tolerant Strong, even if suppressed for long
hard frost length, some requirements. 4” DBH. Root periods.
i may disperse suckers do not
American gre)allter P Shade to partial shade develop into Grows well in partial shade created
beech distance by good trees by selection harvest systems.
animals
Every 1-2 years June 3-4 tree Most Non-particular seedbed Vigorously, Intermediate- Strong release if not suppressed a
lengths germinate requirements. although not Tolerant long time.
soon after as vigorousl
Red maple dispersal; Partial shade to shade as oagks. y Partial shade to fully light. May do
some the next Maximum at best in ¥ acre openings
year 12" DBH
Unknown- Fall-Winter Most within 2- | Unknown Less-particular seedbed Vigorously Tolerant Strong release, aggressive.
H variable among 3 tree lengths; requirements. ) )
op years. Dioecious long distances Grows well in partial shade created
hornbeam over snow Open to shade by selection harvest systems
crust
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Table 1.5 Reproductive Characteristics: Minor Species.

Seed dispersal

Response to release &

Large seed Seed Seedbed & light Sprouting Shade established
Species crops Season Distance viability requirements ability tolerance seedling/sapling growth
Balsam fir Every 2-4 years September | 3-4 tree Probably most | Less-particular seedbed No Very tolerant Responds to release well, even if
- winter lengths and germinate the | requirements. suppressed for a long time.
longer following
distances over | spring. Shade to open
snow crust.

Black Every 3-4 years Late <1treelength, | >3 years and | Less-particular seedbed Vigorously; Intermediate Poor response. Low survival of

cherry summer - some much maybe much requirements. sprouts from as young suppressed trees. Direct overhead

fall longer by longer ) larger/older seedling light required for growth. Group
animals Open to partial shade trees are low | becoming selection or larger opening.
quality. intolerant

Red oak Every 3-5 years Fall <1tree One winter Less-particular seedbed Very Tolerant as a Strong if not suppressed for long
length, some requirements. Best if vigorously; seedling (3 periods of time. Shelterwood or
longer by buried. especially years or less); | larger opening required.
animals from then

Open to shade smallerlyoung | becoming
er stumps intermediate
to intolerant

Bigtooth Every 4-5 years June Miles 1-2 weeks. Dependably moist mineral Suckers Very intolerant | Does not survive in suppressed

aspen Germinates soil. vigorously up state; requires full light. Large

quickly after to 100 ft. from opening required.
landing on Open parent. Ability

moist declines in old

substrate trees.

Paper About every 2 Fall-winter 3to >6 tree Probably the Disturbed mineral soil with | Vigorously Intolerant Does not survive in suppressed

birch years lengths, long majority humus, when state, requires full or nearly full light.
distances over | germinate in . young/small Large openings required.
snow crust the first Spring | OPen to partial shade.

White pine | Every 3-5years Fall 2-3 tree Unknown Less-particular seedbed No Intermediate Strong, but declines with size and
lengths in requirements. length of suppression. Group
stand. 600+ ft . selection, shelterwood sized
for open areas Partial shade openings required.
or from super-
canopy trees.

Eastern Every 2-3 years October- 2-3 tree 1 year Disturbed mineral soil with No Very tolerant Strong release even if suppressed for

hemlock November lengths in humus, & decayed wood long periods. Single tree- to group
stand substrates that are reliably selection-sized openings required.

moist. Shade to open.
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Damage/Mortality Agents

A certain amount of annual damage and individual tree mortality is considered normal in forest stands. At a
nominal level, natural mortality and damage contribute to “healthy” ecosystem function, providing habitat and
augmenting nutrient cycling in forests. However, when damage and mortality exceed certain levels, they may
adversely affect economic, social, and ecological values for which the forest is being managed. This section
identifies those agents that may lead to levels of damage or mortality that may be deemed excessive for some
stands.

In addition to any current insect and disease damage in stands, managers should also consider the long-term
potential for pre-disposing or inciting factors that might make northern hardwood stands susceptible to future
insect or disease damage. This potential is also known as forest health risk.

Forest Health Risk is often expressed as the likelihood of mortality occurring in a forest ecosystem, and is a
function of two types of risk:
e Susceptibility is the risk that insect and disease agents will be introduced and become established in
the forest;
o Vulnerability is the risk that mortality will occur once an insect or disease is established.

Forests that are both very susceptible to a pest attack and highly vulnerable to its affects (typically trees that
are weakened or stressed) are the most likely to experience significant mortality related to that pest. In some
cases, the impact of a single insect or disease agent is sufficient to cause mortality. This is often the case with
exotic insects and diseases because there are no natural enemies to keeping them in balance.

Forest Decline. In the case of native insects and diseases, a condition known as forest decline is generally
caused by multiple agents. Symptoms of forest decline are a loss of tree vigor which can result in tree
mortality if stresses continue unabated. While decline is a natural process in the progression of forest
ecosystems over time, it is a complex phenomenon developing from the interactions of several factors:
o Predisposing factors alter the trees’ ability to respond to injury-inducing agents like insects and
diseases.
e Inciting factors affect trees for a short duration, are physiological or biological in nature and generally
produce dieback of small branches.
e Contributing factors are a collection of opportunistic environmental and biotic agents like root
diseases and wood-boring insects that move weakened trees progressively toward death.

Most forest declines share some common elements, including:

e Climatic or site factors are predisposing or inciting factors;

e Roots and their mycorrhizae die prior to crown dieback;

o Declining trees usually have less stored carbohydrates than healthy trees. The energy produced by
carbohydrates is necessary to start spring growth, manufacture chemicals for tree defenses against
insects and diseases, and to regenerate defoliated leaves. Excessive depletion of these reserves
limits a trees’ ability to respond to tree stressing events.

e Armillaria root rot is commonly found in declining trees and forests.

e Age and/or drought are often factors in decline.

Few pests and diseases by themselves could be characterized as stand- or tree-killing pests or pathogens of
northern hardwoods. With the exception of the exotic pests listed below, the agents listed in Tables 1.6 and 1.7
act principally as stand-weakening agents that can contribute to decline, but rarely kill the trees themselves. In
most cases, tree species typical of northern hardwood forests can survive several years of defoliation or low
levels of damage from fungal, wildlife, or environmental agents before succumbing. Nevertheless, damage
from these agents, in combination with pre-disposing stress from drought, storm damage, or other human-
induced stresses, can lead to more widespread mortality.

The most significant forest health threats in northern hardwood stands today are likely to be beech bark
disease, emerald ash borer, hemlock wooly adelgid, oak wilt, and gypsy moth. Of these, the first three are
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exotic pests that kill American beech, native ash species, and eastern hemlock, respectively. Oak wilt is a
fungal disease that kills oaks when unchecked. For a full discussion of these pests, see the DNR forest health
webpage. Climate change may become a significant threat to many forest types in the future.

Additional damaging agents for specific tree species are described in Appendix A of this chapter.
Recommendations for management of these forest health issues are discussed in the section on Northern
Hardwoods Management Guidance.

Damage and mortality agents are summarized in Tables 1.6 and 1.7 for major and minor northern hardwood
tree species in the following categories:

Impact of Deer Browse Pressure refers to the relative effect of high deer densities on the density and vigor of
tree seedlings and saplings. Deer densities throughout the state are both spatially and temporally variable, and
the rankings are based on limited information. Furthermore, they may depend on both deer food preferences
(i.e., the relative intensity of deer browse) and differences in species’ responses to browse. For example, deer
browse impacts for eastern hemlock are very high because deer preferentially browse it, and hemlock has a
limited ability to re-grow following browse compared to other species. Methods for assessing local deer browse
pressure are discussed in the Northern Hardwoods Management Guidance section.

Susceptibility to Decay & Stain Fungi. Normal levels of fungal infection in trees can be an important contributor
to wildlife habitat. However, fungi can also cause large losses in wood volume and quality in northern
hardwood stands from stain and decay. Species differ in their susceptibility to decay fungi, but decay fungi are
generally more prevalent on poorer sites, in older trees, and in trees that have been suppressed for long
periods of time. Stem and root damage resulting from logging, soil compaction and fine root damage, other
human activity, or storms, can also make stands more susceptible to infection with stain and decay fungi.

Other Biotic Agents include the most important pests and pathogens of northern hardwoods in terms of
potential mortality and/or loss of wood volume or quality.
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Table 1.6 Damage/Mortality Agents: Major Species.

Impact of
Deer Browse Susceptibility to Decay
Species Pressure and Stain Fungi Other Biotic Agents
Sugar maple Moderate < 100 years old--low (<7% cull). Forest tent caterpillar
> 100 years-- high on poorer sites (27% Cankers:
cull at 150) and lower on richer sites. Eutypela paras.
Nectria gallig.
Also high for trees with history of
suppression in all size classes
Basswood High < 120 years--low. One of least decay- Few serious agents
prone species.
20% cull at 150 years old.
Yellow birch Very high < 100 years old--low (<7% cull). Cankers:
Diaporthe alleg.
100 years--high (27% cull at 150). Nectria gallig.
Larger, older trees are mostly cull. Forest tent caterpillar
May be restricted by allelopathy with
sugar maple
White ash Moderate Low. No data on cull. Emerald ash borer.
Ash decline including ash yellows
American beech Low High. 25% at 100 years, 35% at 150 Beech bark disease.
years
Cankers:
Nectria gallig.
Strumella spp.
Red maple Moderate- High. Cull 40% at 100 years, 50% at 150. | Few serious agents
high
Hop hornbeam Low Unknown Few serious agents

14

IC4111 (03/17/2015)



Table 1.7 Damage/Mortality Agents: Minor Species.

Impact of
Deer Browse Susceptibility to Decay
Species Pressure and Stain Fungi Other Biotic Agents
Balsam fir Moderate High, especially in older trees regardless | Spruce budworm
of size.
Black cherry Low to No data on culls. Black knot
moderate
Gum spot
Fruit important for birds and other
wildlife
May be allelopathic to other tree
species
Red oak High Low, cull 7% at age 100, Oak wilt
12% at age 140. Cankers:
Strumella cor.
Dothiorella g.
Defoliators:
Gypsy moth
Forest tent caterpillar
Bigtooth aspen High No data on culls Few serious agents
Paper birch Moderate/high | Medium, 12% at 100 years Bronze birch borer
White pine Low to Low. Cull < 15% at age 150 White pine blister rust
moderate Northern pine weevil
Eastern hemlock | Very high Low. Cull 10% at age 150, though very Hemlock wooly adelgid
high in very old trees

Wildlife Habitat Attributes
Northern hardwoods are a climax forest community in Michigan, providing habitat for 114 wildlife species
(MIWildHab, 2000). Some species of conservation concern that occur in northern hardwood forest

communities include walking fern, hart’'s-tongue fern, goblin moonwort, fairy bells, red-shouldered hawk, black-
throated blue warbler, smooth green snake, delicate vertigo, and northern goshawk. Refer to Michigan Natural
Features Inventory (MNFI) Community abstracts and the Michigan Wildlife Action Plan for more complete lists

of species of concern.

Several characteristics of northern hardwood forest affect the quality of habitat, including forest size and
connectivity, structural and compositional diversity, and the presence of special microhabitats particular to
northern hardwood stands. Also, northern hardwood stand structure resembling “old growth” has been
associated with some flora and fauna. Large, contiguous blocks of northern hardwood forest provide important
habitat for area-sensitive bird species, such as ovenbird, pileated woodpecker, wood thrush, American
redstart, cerulean warbler, and mammals such as black bear and American marten. Maintaining habitat
connectivity in this forest type is important for these species.

Uneven-aged northern hardwood communities are composed of multiple vertical strata, with wildlife species
populating every vertical layer, from burrows of red-backed voles on the forest floor to canopy-nesting
warblers. In particular:
e Dense underbrush provides cover from aerial predators for prey species such as grouse. Nocturnal
animals, including bobcat and fox, bed down in the underbrush during the day.
o Fallen leaves and large woody debris provide refuge for moisture-seeking insects, amphibians, and
reptiles.
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Uneven-aged management promotes a forest of mixed-aged trees of many species and has the most positive
impact on overall biodiversity within this forest type.

In addition to structural diversity, wildlife habitat quality in northern hardwoods is also dependent on
compositional diversity within the stand. Tree species composition and the structural elements they provide are
important:

e Conifer components of northern hardwood stands are important for blackburnian warblers and white-
tailed deer.

e Nesting woodland raptors use mature, forked hardwoods to build heavy stick nests. Other raptors
such as Cooper’s hawks need mature conifers within hardwood stands for nesting.

o A steady supply of standing dead wood of varying size classes is necessary for cavity nesting birds
such as the barred owl, pileated woodpecker, yellow-bellied sapsucker, black-capped chickadee and
wood duck. These in turn help supplement woody debris on the forest floor.

o Coarse woody debris on the forest floor is important to a diverse array of species, including insects,
herpetiles, small mammals, marten, fisher and black bear.

e Large diameter logs on the forest floor are especially important for wildlife, especially those that are
hollow.

Mast-producing trees common in northern hardwoods are integral to wildlife:

e Beech, oak and hazelnut provide hard mast rich in fats and proteins for wood duck, black bear, white-
tailed deer, turkey, and flying squirrel.

o Dry seeds, catkins and samaras of maple, elm, basswood, ash, hop-hornbeam and birch are valued
by birds.

e Fleshy fruits from cherry, mountain-ash, serviceberry, hawthorn, elderberry, holly and wild raisin are
rich in carbohydrates and vitamins and are especially important and relished foods for many bird and
mammal species.

Many northern hardwood stands contain valuable micro-habitats. Rapids clubtail (state special concern) is a
rare dragonfly that uses quiet water pools and cool rapid streams that flow through mesic northern forests.
Vernal pools found in northern hardwoods are integral to some life stages of woodland frogs and
salamanders. Also, transition zones between northern hardwoods and other cover types, and areas of
complex terrain within northern hardwoods, often have high species diversity and structural complexity.

Higher stand densities and larger average tree diameters that are often found in northern hardwood stands
with “old growth” characteristics may favor some species. Flora and fauna associated with these northern
hardwood conditions include many species of lichen and moss, walking fern, green spleenwort, Blackburnian
warbler, northern goshawk, brown creeper, scarlet tanager, Swainson’s thrush, Acadian flycatcher, saw-whet
owl, and black bear.

Tables 1.8 and 1.9 list the specific wildlife attributes of major and minor northern hardwood tree species. All
tree species have some wildlife value; this summary is merely intended to illustrate some of the more
commonly known uses to selected wildlife species.
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Table 1.8 Wildlife VValue: Major Species.

Species Wildlife Value

e Seeds, buds, and twigs used by rodents
Sugar Maple e Persistent/durable snags often with large dimension cavities
e Sturdy branching and forks are suitable for raptor stick nests

e Heavy nectar producer

e Seeds used by rodents

¢ Moderately high cavity density

e Live trees over 16-18 inches DBH are often hollow, providing home sites and refuge for multiple wildlife species

Basswood

e Seeds used by some birds and rodents

¢ Catkins, buds, and leaves used by grouse and hares

Yellow Birch ¢ Bark characteristics are attractive to some insect-eating birds

¢ Curling bark on mature trees are favored nest sites by some species of bats and birds such as the brown creeper
e Large diameter trees are often hollow providing home sites and refuge for multiple wildlife species

White Ash » Seeds buds twigs used by rodents and birds

e High cavity density

ﬁ\er:qe(zrr:can e Beech nuts valuable mast for a broad range of animals, especially bear, white-tailed deer, wood duck, blue jay and turkey
» Favored nesting tree of red shouldered hawk and other raptors due in part to its vase-shaped profile and high branching
e Buds and seeds eaten by birds and small mammals
Red maple o Preferred browse by v_vhitejtailed deer
e Bark often peeled off in strips and eaten by moose and elk
o Large diameter trees have exfoliating bark that provides nest sites for some species of birds and bats
o Seeds used by some birds, including ruffed grouse and rodents
Hop e Catkins, buds, and leaves used by grouse and hares
hornbeam e Serves as a mid-canopy layer in the absence of other hardwood regeneration

» Often a principle component of mid-story canopy which provides vertical habitat complexity.
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Table 1.9 Wildlife VValue: Minor Species.

Species

Wildlife Value

Balsam fir

Cover and nesting sites for songbirds such as the yellow-rumped warbler and small raptors.
Balsam needles are a favorite food of spruce and sharp-tailed grouse

Black cherry

e Fruit eaten by broad range of wildlife--70 bird species, and mammals such as bears, foxes, eastern chipmunks, raccoons and squirrels
e Primary food plant for more than 200 species of butterfly and moth caterpillars, including the hairstreaks and sphinx moths

Mast for many species (i.e., white-tailed deer, turkey, ruffed grouse, white-breasted nuthatch, brown thrasher, common grackle, and
wood duck)

Red oak e High cavity density
e During gypsy moth outbreaks important for insectivorous birds (i.e., eastern wood pee-wee, American redstart, house wren, red-eyed
vireo, & northern oriole)
Bigtooth & e Suckers and sprouts are highly preferred deer browse; bark and shoots are food for beaver
Trembling e Male buds are particularly utilized by ruffed grouse _ _ _
aspen ® Important cavity tree; super canopy trees are important for primary nest excavators such as pileated woodpecker and secondary cavity
users
e Seeds used by some birds
e Catkins, buds, and leaves are eaten by black-capped chickadee, common redpolls, pine siskin, fox sparrow, all species of grouse, and
Paper birch hares . . . . . .
e Bark and twigs preferred by snowshoe hare, cottontail rabbit, porcupine, white-tailed deer, and moose
o A favored tree of yellow-bellied sapsucker, while ruby-throated hummingbird is a secondary feeder at sapsucker holes
e Several species of birds use birch bark strips for exterior nest construction, including vireo and black-throated green warbler
e Thermal cover
e Seeds eaten by many birds, (i.e. red-breasted nuthatch, pine grosbeak, pine warbler, red- & white-winged crossbills, pine siskin), and
White pine mammals including white-footed mouse, red-backed vole, chipmunk and red squirrel
e Large trees are favored nesting sites for sharp-shinned hawk, Cooper’s hawk, and owls; super-canopy trees are preferred nest sites for
bald eagle
e Dens and preferred escape trees for bear
e Thermal cover
e Nesting birds include golden-crowned kinglets, veeries, pine siskins, and black-throated blue-, black-throated green-, and Blackburnian
Eastern warblers
hemlock e Seeds eaten by black-capped chickadees, dark eyed juncos, crossbills, and pine siskins
o Yellow-bellied sapsuckers often drill holes in the trunk where they periodically feed
e Extremely slow rotting snhags and nurse logs
e Microhabitat for orchids such as showy orchid and rattlesnake plantain
e Seeds utilized by boreal chickadees, red-breasted nuthatch, red and white-winged crossbills, and red and gray squirrels
White e During budworm outbreaks, spruce-nesting birds become common (i.e., black-backed woodpeckers, ruby-crowned kinglets, yellow-
Spruce rumped warblers, and Swainson’s thrushes)

Spruce needles are a favored year-round food by spruce grouse and are utilized by snowshoe hare

18
IC4111 (03/17/2015)



Northern Hardwood Management Guidance

Introduction

This section contains recommendations for management of northern hardwoods on DNR-administered state
forest lands. This information is intended as guidance only. Management decisions should also be informed by
local experience and input from DNR’s inventory and compartment review process.

Management Objectives

High quality sawtimber production is the primary timber objective for most northern hardwood stands, although
pulpwood production is a secondary objective in most harvests, and may be the primary objective for stands on
poorer quality sites and stands with poor stem quality or high percentages of internal defect. The choice of
which silvicultural treatments and regeneration systems to use depends on management objectives, and stand
characteristics including age, structure and species composition. The range of options for use in northern
hardwoods is complex and thus warrants general discussion, including definitions and the potential results of
these silvicultural techniques.

Silvicultural Systems andTreatments
Uneven-aged silvicultural systems are commonly recommended management of northern hardwoods,
although even-aged systems may be appropriate in some circumstances, particularly:
e On nutrient poor habitat sites;
¢ Where natural processes and/or past management have resulted in poor quality or compositionally
homogenous stands with a predominance of only a few (and potentially commercially undesirable)
species; and
e Where there are regeneration problems associated with canopy closure, excessive competition from
commercially undesirable species (i.e. American beech and hop-hornbeam), or deer browse.

Thinning is the most common intermediate stand treatment in even-aged northern hardwood stands, and it can
be commercial, non-commercial (i.e., TSI), or some combination of the two. Common silvicultural treatments
used in northern hardwoods are listed below, and described in the following section.

Commonly Used Silvicultural Systems and Their Regeneration Standards:
e Uneven-aged systems:
= Single tree selection
= Group selection
= Uneven-aged regeneration standards
e Even-aged systems:
= Clearcut (i.e., overstory removal)
= Shelterwood
= Even-aged regeneration standards
e Other silvicultural treatments
= Thinning
= Release thinning or cleanings (i.e., brushing)

Uneven-aged Silvicultural Systems
A. Single Tree Selection

General Characteristics:

Stands are entered for thinning every 10-20 years and individual trees dispersed throughout the stand
are harvested from a range of diameter classes, such that a residual diameter distribution has an
inverse-J shape. The diameter distribution recommended by Arbogast (1957) for a residual basal
area of 84 ft’/acre is in Appendix B, Table 1.12. The premise of this method is that marking to this
diameter distribution will ensure the steady recruitment of trees from smaller to larger classes
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between harvest entries, and produce a steady supply of timber over time. Residual basal areas
between 75 ft? and 90 ft* are commonly recommended.

Advantages of single tree selection:
e Considered the best way to cultivate high quality sawtimber and veneer in northern hardwood
stands;
Provides a continuous supply of fiber, if correctly applied;
Favors regeneration of shade tolerant hardwood species;
Provides for a perpetual seed source;
Canopy openings created by single tree removal mimic small-scale natural disturbances
thought to be historically common in northern hardwoods from natural mortality, windthrow,
and forest pests;
e Favors some wildlife species that require low levels of disturbance and maintenance of mature
forest structure, such as some interior nesting songbirds, and red-shouldered hawk.

Disadvantages of single tree selection:
¢ Requires protection of the residual stand from damage and rutting during logging;
¢ Retention of higher residual basal area and small canopy gap size do not favor regeneration
of intermediate and shade intolerant species;
¢ Requires more manpower and a higher degree of skill and training to properly implement;
e Produces a lower volume of wood per acre than the other silvicultural systems.

Results:

Single tree selection will nearly always favor shade tolerant, large seeded species. The light
environment in the understory following single tree selection is likely unfavorable for regeneration of
intermediate shade tolerance species (i.e., yellow birch, black cherry, white ash, red oak, and white
pine), but favorable for shade tolerant species (i.e., sugar maple, American beech, hop-hornbeam,
and hemlock). Hemlock regeneration is usually poor in single tree selection systems due to other
factors, including lack of coarse wood and tip-up mounds as regeneration substrates, and browsing
by deer. Single tree selection may work best on the most mesic sites, but information on its
application on less mesic, less nutrient rich sites is scarce, as all the major long-term silviculture
system experiments have been on mesic/nutrient rich sites (i.e. Argonne, Dukes Forest.) It could be
an effective regeneration system for red maple on the poorer sites that northern hardwoods occupy,
given the species silvics. Single tree selection also tends to produce higher quality timber than any
other silvicultural system, due to the relatively high density and dispersed distribution of residual
trees, combined with the removal of low quality stems at every entry. All else equal, greater residual
basal area (e.g., 90 instead of 75 ft*acre), and longer entry intervals (e.g., 20 instead of 10 years) will
promote higher quality, but at the expense of total volume.

In practice:

If using Arbogast’s residual stocking structure (see Appendix B, Table 1.12):

1) Recognize current and target stocking structures. Recognize at least three sawtimber classes (as
shown).

2) In overstocked size classes (as defined by the target structure), cut the poorest quality trees to
obtain the recommended density and to release timber crop trees. Favor cutting of the following
trees:*

» Those at risk of dying before next harvest;

= Poorer quality competitors of crop trees;

» Low vigor based on crown size, crown form, condition;
= Undesirable species.

3) In under-stocked size classes, remove only high risk trees.

4) Repeat cutting in 10-20 years.
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*Note that in addition to these criteria aimed at improving the stand from a timber value
perspective, there are a number of other tree characteristics that should be considered for
retained trees, and these characteristics can be in opposition of the tree characteristics targeted
for removal trees presented above. Consult the Within-Stand Retention Guidance (Michigan DNR
2012), for these criteria. Ideally, any marking scheme will be targeted toward striking a balance
between stand improvement for timber value, and for wildlife and biodiversity.

Single tree selection and stand structure:

Use of selection-type thinning in even-aged northern hardwood stands over the last 30 years in
Michigan may make it easier for managers to mistake them for uneven-aged stands. The majority of
northern hardwood in Michigan is 100 years old or younger, and even-aged, having been entered for
partial harvest twice or more. Harvest regimens in some stands have included timber stand
improvement thinning starting in the 1970’s and more recent partial cutting that largely emulates
single tree selection. Where partial cutting has been practiced, residual stand structures are often
similar to the inverse-J shaped diameter distribution of uneven-aged stands, and there is often
abundant seedling- and sapling-sized regeneration of shade tolerant species in the understory.
However, this is misleading given that the smaller pole-sized trees in these stands are usually as old
as the largest trees, with most of the stems in the smaller classes being suppressed, and often with
low vigor and little potential for response to release. It is important to distinguish between these even-
aged stands, and truly uneven-aged stands where stems in smaller size classes are younger and
have greater potential for favorable response in gap-light environments.

Even-aged stands where smaller size classes are dominated by low vigor or suppressed trees may
be candidates for canopy removal or for conversion to an uneven-aged structure via group selection
methods (see below).

In light of the historical application of uneven-aged stand marking and prevalence of managed even-
aged northern hardwood stands, managers should critically evaluate age-class distribution, as well as
diameter distribution for each stand when selecting an appropriate silvicultural system.

. Group Selection

General Characteristics:

Group selection is identical to single tree selection in its goal of producing an uneven-aged structure
via periodic partial harvests and resultant regeneration gaps. However, it differs from single tree
selection in that groups of trees are taken instead of single trees. Group selection can result in a
wider range of both harvest gap sizes and larger patches of undisturbed forest understory (because
removal is clustered) than single tree selection. The potential result of these larger canopy openings
is higher densities of less shade tolerant species including yellow birch, white ash, red oak,
basswood, red maple, white pine, and black cherry. In some applications, areas between canopy
gaps are also thinned during periodic stand entries via single tree selection or crop tree thinning.

Gap sizes vary from a few trees to %2 acre in size. Factors affecting the distribution of opening sizes
include management objectives and the desired composition of regeneration. Given larger openings,
group selection systems are more conducive to site preparation (e.g., scarification, pre-commercial
thinning or removal of undesired advanced regeneration) or planting than single tree selection
systems. These techniques could further increase the representation of less shade tolerant species,
or hemlock (a small-seeded tolerant species).
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Advantages of Group Selection:

¢ Is more likely to produce well-distributed natural reproduction than clearcutting, due to a well
distributed residual seed source;

e Favors reproduction of intermediate shade tolerance species such as red oak and yellow
birch;

e Can suppress shade intolerant species by controlling the level of available sunlight through
gap size;

¢ Is more aesthetic than clearcut and shelterwood systems;

e Can produce an uneven-aged stand structure;

e May be logistically easier to harvest than single tree selection, and produces more wood per
unit area harvested than single tree selection;

¢ Medium to large canopy gap sizes mimic medium scale natural disturbances (i.e., medium-
scale windthrow events).

Disadvantages of Group Selection:

e Requires protection of residual trees and stand from logging damage and rutting;

e Results in greater disturbance of habitat for interior nesting songbirds, and may degrade
habitat of some wildlife species, such as red-shouldered hawk;

o May require site preparation to regenerate some species, such as scarification in gap
openings for hemlock and yellow birch reproduction;

e May require brushing or herbicide treatment to control the composition of regeneration on
some sites.

Results:

Group selection has only more recently become an important regeneration system in the Great Lakes
Region, so its legacies are incompletely understood. It is being used more frequently to promote the
regeneration of intermediate shade tolerant species. Optimal gap sizes for individual specie’s
competitive abilities are largely unknown, but it is reasonable to assume that less shade tolerant
species will do better in larger gaps. Opening sizes that encourage desired regeneration, but without
a preponderance of competing non-tree vegetation (i.e. Rubus spp.) need to be evaluated. Because
competing brush may be less of a problem on the lower quality sites, group selection systems may be
particularly suited to less fertile, less mesic habitat types (Table 1.1).

More mesic, highly productive sites may not be good candidates for group selection because tolerant
hardwood species tend to be ubiquitous and are strong competitors on these sites. Single tree
selection may be more appropriate on these sites.

In Practice:

The criteria used for single tree selection can be also be used in group selection to identify “cut” trees
and residual stand structure, except that they are applied for groups of trees. This will inevitably result
in some deviation from single tree selection guidelines, such that the marking criteria should be
considered a looser benchmark than when applied to single tree selection.

Future entries could include any combination of single tree and group selection practices, as long as
they have a goal of creating three, or ideally more age classes. In some stands, single tree selection
thinning could be conducted between group selection openings during the same entry. However, for
most stands these may be scheduled as separate harvests during alternating entries. For example,
the conversion of a mature even-aged forest to one with multiple age classes could begin with a
group selection cut, followed by single tree selection in the uncut areas between the gaps, followed
by another group selection entry, etc. Given these possibilities, group selection may be more
complicated to manage than single tree selection, and it may be more costly given that site
preparation and/or brushing could be required in larger gaps, especially on more nutrient rich habitat

types.
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Gap sizes for uneven-aged selection systems (Table 1.10) range from a minimum single tree gap
size that can facilitate the recruitment of the most shade tolerant species (25 foot diameter) to gaps
about %2 acre in size (167 foot diameter). Gaps do not have to be round, instead they should be
marked to minimize the damage caused by the felling selected trees. Also, gap dimensions should be
based in part on optimizing the grouping of trees with appropriate characteristics for removal, or
conversely, for retention as part of the residual stand. However, to minimize the amount of forest
edge created, gaps should be as close to circles as possible.

Table 1.10 Circular Canopy Gap Sizes for Regenerating Northern Hardwoods in Michigan. [adapted from WDNR Silviculture

Handbook (2006)]
Area
Diameter (acres) Considerations
25 0.011 Minimum gap size capable of facilitating recruitment of most shade tolerant species.
30-40 0.016- Typical crown area of 18 to 26 inch dbh sugar maple, Recommended standard gap
0.029 size for single tree selection.
50-60 0.045- Recommended minimum gap size for canopy recruitment of intermediate shade
0.065 tolerant species.

75 0.101 Maximum crown area of largest beech trees. Largest gap size for single tree
selection. Common size for small group selection. Gaps 50 to 75 feet wide may be
necessary to encourage red oak and black cherry.

May need site preparation and/or control of undesirable regeneration.

167 0.503 Maximum for group selection. Minimum for even-aged systems.

C. Uneven-aged Regeneration Standards

To be meaningful, evaluation of the success of regeneration should consider the probability of
seedlings successfully recruiting into the canopy. Seedlings, though abundant when small, cannot be
considered as successfully established if there is a high probability that they will not survive to reach
the canopy. In a stocking-level study in northern hardwoods, in the Upper Peninsula of Michigan,
Tubbs (1968) reported over 2,000 large seedlings (36 inches tall and ¥z inch DBH) and over 26,000
small seedlings (6 to 35 inches tall) per acre two years after treatments. In the same study, seedlings
over 3 feet tall still numbered well over 6,000 stems per acre, 10 years after selection cutting to a
residual basal area of 90 square feet. Tubbs (1977) later published recommended stocking guides for
northern hardwoods at just over 200 trees per acre in the 2 to 4 inch classes. This stocking guide
suggests that most of the seedlings are not expected to recruit into saplings. LeBouton et. al. (2006)
reported nearly 200 stems per acre of sugar maple seedlings in the 5 to 8 foot height class in
northern hardwood stands with “low” deer densities (0-3 deer/sqg. mi.). In contrast, sugar maple
seedlings in the same height classes were observed at 20 stems per acre in stands with higher deer
densities (> 13 deer/sq. mi.). Based on these findings, the following provisional stocking guide is
recommended:

1) Target stocking = 300 stems/acre in seedlings and saplings of acceptable species, > 6 feet tall, by
15 years following the last entry.

2) Minimum acceptable stocking = 150 stems per acre of seedlings and saplings of acceptable
species, > 6 feet tall, by 15 years following last entry.

Criteria and target levels for acceptable regeneration at earlier ages are lacking at this time. However,
to meet forest certification standards, minimum acceptable regeneration criteria were developed in
2009 for use on state forest lands. Under the new criteria in the Regeneration Survey Manual (IC
4145), managers are required to assess regeneration in these stands at the next regularly scheduled
compartment inventory. For most state forest stands, this will occur within 4 to 6 years of harvest
completion. A minimum acceptable regeneration density has been defined as the equivalent of 2,000
stems per acre, to be assessed in canopy gaps created during the last harvest.
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Hardwood seedlings must be a minimum of 12 inches tall to be considered acceptable, and species
composition can include any combination of the “desirable” species listed in the harvest prescription
in the inventory database. These criteria apply to both even- and uneven-aged stands. Managers
should consider the potential for preferential browsing on stump sprout origin maple and birch when
evaluating the likelihood of success. Stands where the regeneration is predominantly comprised of
stump sprouts with borderline stem densities and that appear to have high browse pressure or
browse damage should be evaluated as “failing” to meet regeneration criteria.

Even-aged Silvicultural Systems
A. Clearcut (i.e., canopy or overstory removal)

General Characteristics:

Any near-complete canopy removal larger than 1 acre where the objective is to regenerate an even-
aged stand is considered a clearcut. Unless they are exempted from post-harvest retention
requirements (see Within-Stand Retention Guidance, Michigan DNR 2012), areas of canopy removal
will still have 3-10% of their area in canopy trees retained for a broad range of values.

Clearcuts may be useful in the following situations:

e Canopy removal to release advanced regeneration. In these cases, advanced regeneration
should be 2 to 4 feet high and 2,000 to 5,000 stems per acre.

e Canopy removal to promote a coppice-dominated forest, which will work for all deciduous
species, but better for some (e.g., basswood and oak) than others (yellow birch), and for all
species works better when stands are young (see Tables 2.1.5 and 2.1.6 regarding sprouting
ability).

e Canopy removal to precede artificial regeneration by planting. This practice may be
impractical and undesirable, except in rare circumstances (e.g., conversion to red pine) on
northern hardwood sites.

Disadvantages of the use of clearcuts in northern hardwoods include:
e Long period between establishment of regeneration and the resumption of high quality
sawtimber harvests (in some cases, 80 or more years).
o Greater competition from shade intolerant species (aspen and birch), where intermediate to
shade tolerant species are desired.
e Usually several improvement thinnings and sometimes non-commercial TSI are required to
steer composition and stem quality toward desired levels.
[ ]
Results:
Canopy removal in northern hardwoods has not been used extensively on state forest lands in the
last 30 years, given the current age distribution of northern hardwood stands and the more prevalent
use of thinning and selection harvest methods. Perhaps the best way to try to understand the
implications of clearcutting in northern hardwoods is to view the composition and structure of most
current stands as a legacy of canopy removal harvests in the early 1900's. It is important to consider
that potentially higher impact logging in the early 1900’s and post-logging disturbances (fire in some
areas, grazing and farming) have affected stands in ways that are very different from stands that may
be clearcut today, given modern equipment and best management practices (BMPs).
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However, the condition of current stands can provide clues as to how current stands would respond
to complete canopy removal. Compared to selection cut stands, stands managed by clearcutting
could be expected to have:

o Greater representation of intolerant and intermediate shade tolerant hardwoods;

e Greater proportion of coppice origin stems; and

e The development of thick pole-sized stands (in most cases).

In practice:
Managers are encouraged to experiment with clearcutting in a limited number of stands and to
monitor the results. Clearcutting could be appropriate for:

e Sites on habitat types with lower fertility and moisture availability, where promotion of less
shade tolerant hardwood species or conversion to planted pine is desired (see Table 1.1 for
habitat types where pine may have been historically present);

e Conversion of stands that are badly degraded from past logging practices and other factors;

e Stands where it is desired to encourage greater representation of intolerant and intermediate
shade tolerance species (e.g., bigtooth aspen, oaks, or ash). Good candidates for this are
those stands that already have a large component of intolerant or intermediate shade
tolerance species.

. Shelterwood

General Characteristics:

The following discussion is largely drawn from the Ontario Ministry of Natural Resources silvicutural
guides for tolerant hardwoods (OMNR 1998) and southern Ontario forests (OMNR 2000). Under the
shelterwood system, canopy openings are larger than under group selection thinning; however, a
significant residual overstory is retained to control light availability and provide seed for natural
regeneration. The overstory is removed in two or more harvests, and this removal can be laid out in a
dispersed pattern across the stand (uniform shelterwood) or in strip cuts that gradually progress
across the stand (strip shelterwood). Of the two patterns, uniform shelterwood is more commonly
used for northern hardwoods.

The shelterwood system can be used to:

e Convert poor quality mature stands with little potential for improvement through uneven-aged
management to even-aged stands;

¢ Maintain even-aged stands;

e Promote greater regeneration of intolerant and intermediate shade tolerance species (i.e.,
yellow birch, oaks, ash, black cherry, basswood, and birches) in the future even-aged stand,;

o Regenerate light-seeded species that require site preparation to expose mineral soil, and
greater light availability than is common in uneven-aged systems (yellow birch, paper birch,
hemlock).

¢ Toremediate a lack of advanced regeneration that may be associated with canopy closure,
excessive competition from commercially undesirable species (i.e., American beech and hop-
hornbeam), or selective herbivory from deer.

Advantages of shelterwood include:

e Greater control of the species composition of regeneration by regulating light availability via
residual overstory density to favor desired species, and help suppress some undesired shade
intolerant species;

e Greater uniformity of regeneration due to a more uniformly distributed seed source;

e Protection of seedlings by the residual overstory from extremes of heat, and moisture
conditions, and creation of germination conditions that are more optimal for some species
compared to clearcuts;
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e Mimics mid-scale disturbances that sometimes occur in northern hardwood forests, (i.e.,
larger windthrow events and understory fires);

¢ More aesthetic than clearcuts due to retention of a portion of the mature overstory until
advanced regeneration is well established (i.e., it never looks like a clearcut);

¢ Rotation lengths can be shorter, as regeneration develops before the mature overstory is
completely removed.

Disadvantages include:

e Greater technical skill is required to lay out and accomplish regeneration composition goals.
Monitoring of regeneration and timing of follow-up harvests are critical. Shelterwood
treatments are usually scheduled over a longer period of time (5 to 20 years) which requires
good record keeping and timely follow-up;

¢ Residual overstory and advanced regeneration must be protected from damage during
harvests—this may require harvests to be restricted to fall or winter;

e Logging costs are higher than for clearcutting, but probably less than for selective harvests.

Results:

On poorer habitat type sites (see Table 1.1), shelterwood could be the best option for regenerating
intolerant and intermediate shade tolerant species. Some studies indicate that trees have better form,
guality, and higher vigor when regenerated via shelterwood vs. clearcut. Less shade tolerant species,
which often have better growth potential than shade tolerant hardwoods on these sites, respond
better to the controlled light conditions produced by the amount of residual overstory. These
controlled light conditions also permit some suppression of competing vegetation.

Form and quality of regeneration produced under shelterwood may also be better than that produced
following clearcuts. Stem densities of desirable species are often higher under partial crown cover
and maintenance of high stem density has been considered critical for producing good form and
quality (Godman and Brooks 1971), as side shading and competition for sunlight induce seedlings
and saplings to self-prune.

Use of the shelterwood harvest system may also be an effective strategy to remediate a lack of
advanced regeneration that may be associated with canopy closure, excessive competition from
commercially undesirable species (i.e., American beech and hop-hornbeam), or selective herbivory
from deer (Sage et. al. 2003).

In practice:

Shelterwood harvests take longer to complete regeneration than the clearcut system. Shelterwood
systems gradually remove the overstory of the mature stand via a series of partial harvests
(preparatory cut, seeding cut, removal cut) that are typically scheduled over a period of 20% or more
of the typical rotation length. In the traditional 10-year treatment cycle practiced on state forest lands,
this could be spread out over two or more entries (20 years) before the stand is considered
regenerated.

Shelterwood implementation typically involves two or three harvests to establish regeneration and
then release it from overstory shade. These harvests are as follows:

1) Preparatory Cut—Typically involves removal of undesirable seed sources and thins the stand to
encourage crown expansion on potential seed trees, basically to prepare them for greater seed
production. This cut precedes a regeneration cut by at least 5 t010 years. This cut can be
eliminated if the stand is already clean, and plenty of large-crowned, healthy trees of the desired
species already exist.

2) Regeneration or Seeding Cut—The overstory is thinned to a level appropriate for creating
optimal light availability for the target species, and under uniform shelterwood, to maintain
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uniform seed tree spacing throughout the stand. Under strip shelterwood, the adjacent uncut
stand area provides the seed source. Care must be taken to ensure that the residual overstory
density is high enough to provide enough shade to discourage or suppress regeneration of
undesired tree, shrub and herbaceous species. Criteria for this are discussed below under
Implementing the Regeneration Cut.
3) Removal Cut—The remaining overstory is removed once sufficient advanced regeneration is
present, except for trees left for within-stand retention purposes. Criteria for determining when to
schedule the overstory removal are discussed below under Implementing the Removal Cut.

Implementing the Regeneration Cut

Successful regeneration depends heavily on achieving the optimal residual overstory density during
the regeneration cut, retaining suitable seed trees, and seed bed/site preparation tailored to favor the
target species. In areas where local deer population density exceeds 13 deer per square mile, the
regeneration cut must be timed to correspond with windows of opportunity--when deer populations
are lower, which occurs periodically and correlate with and follow severe winters (Sage et. al. 2003,
Behrend and Patric 1969, and Behrend et. al. 1970). Another option can be to control local deer
density through targeted hunting to achieve a population density of less than 13 deer per square mile.
In marking the residual overstory, consider these generalities:
e Leave trees spaced somewhat uniformly, even if it means leaving some less desirable trees or
poorly formed trees. However, the goal of uniformity needs to be balanced with retention
goals, as a portion of trees left during the regeneration cut will ultimately be used for long-term

retention.

e Choose seed trees of the target species as much as possible, subject to the constraints of

uniform spacing and retention goals.

e Seed trees should have dominant or co-dominant canopy position, and have good form and

vigor.

In general, leaving higher residual BA (80% crown closure) will favor sugar maple, beech and other
shade tolerant hardwoods; and conversely, lower residual BA will favor less shade tolerant species.
Leaving a residual BA with about 30-50% crown closure will favor intermediate shade tolerance
species. Target levels of crown closure to favor various species are presented in Table 1.11.

Table 1.11 Recommended Crown Cover Targets for Regeneration Cuts by Species. (adapted from OMNR 2000)

Species
Basswood
Black Cherry
Red Oak
White Pine
Yellow Birch
Yellow Birch
Yellow Birch
Yellow Birch

Recommended
% Crown Cover
for Regeneration Cut
40-50%
30-40%
60-70%
40-50%
30-50%
40-50%
50-60% (scarified sites)
60-70% (burned sites)

Location of Study

New England

New England

Wisconsin/UP
Wisconsin/UP

Citation

Hornbeck and Leak 1992
Dey and Parker 1996
OMNR 1998b

Leak et al. 1987

OMNR 2000

Godman & Tubbs 1973
Godman & Tubbs 1973

Seed tree selection should follow the general recommendations for identifying good quality crop
trees—they should be healthy, dominant or co-dominant trees with good form, and be of the desired
species. During marking for the regeneration cut, high risk trees should be removed, such as trees

with cankers, weak forks, rot, cracks, etc.

Site preparation or seedbed preparation may be important for regeneration of some species. Some
species like yellow birch, hemlock, and basswood may require exposed mineral soil conditions that
require scarification. Most tolerant and intermediate shade tolerance species do not require
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scarification—normal logging activity should be adequate as site preparation for those with heavy
seeds (sugar maple, beech, white ash, red oak, and black cherry). In stands where American beech
or hop-hornbeam exceed 500 stems per acre, herbicide application, cutting or both may be necessary
to control the competing vegetation and to ensure adequate regeneration of desirable species
(Tierson 1967, Sage 1987, and Sage et. al. 2003). Control of American beech may be particularly
important following salvage harvests of mature stems that have produced an abundance of new root
suckers prior to succumbing to BBD. Failure to control existing and undesirable species will likely
yield poor results for forest regeneration.

Implementing the Seed Tree Removal Cut

The seed tree removal cut is usually scheduled once advanced regeneration has become well-
established and beyond the reach of deer; sometimes 5 to 10 years after the regeneration cut is
completed (Kelty and Nyland 1981), sometimes up to 20 years in other locations. Ontario Ministry of
Natural Resources (OMNR) defines advanced regeneration as being at least 60 to 120 cm tall (24 to
48 inches) and ideally should be sapling sized to ensure recruitment, but does not specify density per
acre. All remaining trees are usually removed, except for any that may be designated as within-stand
retention.

. Even-aged Regeneration Standards

To be meaningful, evaluation of the success of regeneration should consider the probability of
seedlings successfully recruiting into the canopy. See the discussion on regeneration standards for
uneven-aged stands.

Canopy removals (clearcuts) in northern hardwoods are typically scheduled only if sufficient
advanced regeneration is present. In these cases, advanced regeneration should be 2 to 4 feet high
and 2,000 to 5,000 stems per acre.

Under the shelterwood system, a seed-cut is initiated without sufficient regeneration present, but then
the final overstory removal is delayed until sufficient advanced regeneration develops to meet the
target listed above.

Minimum acceptable regeneration criteria for state forest lands were developed in 2009 to meet forest
certification standards. Under the new criteria in the Regeneration Survey Manual (IC 4145),
managers are required to assess regeneration in these stands at the next regularly scheduled
compartment inventory. For most state forest stands, this will occur within 4 to 6 years of harvest
completion. The minimum acceptable regeneration density has been defined as the equivalent of
2,000 stems per acre. Hardwood seedlings must be a minimum of 12 inches tall to be considered
acceptable, and species composition can include any combination of the “desirable” species listed in
the harvest prescription in the inventory database. These criteria apply to both even- and uneven-
aged stands. Managers should consider the potential for preferential browsing on stump sprout origin
maple and birch when evaluating the likelihood of success. Stands where the regeneration is
predominantly composed of stump sprouts with borderline stem densities and that appear to have
high browse pressure should be evaluated as “failing” to meet regeneration criteria.

. Typical rotation ages for even-aged stands

In northern hardwood stands to be maintained in an even-aged condition, rotation lengths often range
from 90 to 120 years, but vary depending on management goals for each stand (Tubbs 1977).
Optimal rotation age for stands managed primarily for fiber production may occur at peak mean
annual increment (MAI), at maximized net annual value growth, or at ages that maximize financial
returns for specific discount rates (OMNR 1998a). Rotations for fiber may be as short as 50 years. In
some cases, rotation may be determined when the dominant trees reach diameters that are deemed
financially mature, depending on local growth rates and alternative rate of return (potentially
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diameters of 14 to 27 inches DBH). Management for other objectives may suggest longer rotations—
up to 200 years where aesthetics or wildlife habitat are a primary concern (Tubbs 1977).

Other Silvicultural Treatments
A. Thinning

Even-aged thinning should employ the same tree selection criteria used for uneven-aged selection
harvesting, and strive to strike a balance between criteria for selecting trees to remove for improving
fiber value, and for biodiversity and wildlife habitat maintenance or improvement. Specific suggestions
for improving the fiber value of pole- and sawlog-sized stands follow (from Erdman 1986).

Pole-sized stands (Average DBH 5-10")

¢ Do not thin stands dominated by sugar maple until at least 40 years of age, to prevent setting
low merchantable log heights.

¢ Mark stands to achieve full crown release (approximately 7 feet around the crown) for 40 to
100 crop trees per acre, leaving an adjacent tree’s crown to shade and correct small forks (<2
inches diameter at the fork), if needed.

e Thin the remaining stand area following the order of removal. See Appendix C (Figure 2.2.1
and Table 13.2.1) for stocking guides for even-aged stands.

¢ |If this is the stand’s first thinning and average DBH is 5-9 inches, then reduce the stocking
level to 80% crown cover during this thinning. Wait 10-15 years until crown closure and lower
branch mortality occur on crop trees before scheduling the next thinning.

¢ If this is the stand’s second or later thinning, or if average DBH > 9 inches, then reduce the
stocking level to 90% crown cover. Wait 10-15 years until crown closure and lower branch
mortality occur on crop trees before scheduling the next thinning.

Sawlog-size stands (Average DBH > 10”)
e Mark stands for partial crown release (release on 1-3 sides) on 40 to 100 crop trees per acre.
e Thin the remaining stand area following the order of removal, down to a stocking level of 90%
crown cover.
e Wait 10-15 years before scheduling the next thinning.

B. Release Thinning or Cleanings (i.e., brushing)

Brushing or release thinnings are silvicultural interventions that aim to control species composition, or
release desirable species from competition with overtopping less desirable species and/or poorly
formed or suppressed stems of the same species. These treatments differ from site preparation in
that release thinnings are often performed after a regeneration harvest has occurred, and are typically
performed in stands that are sapling-sized or smaller. Two types of release thinning are commonly
used—liberation thinnings and cleanings.

Liberation thinnings typically remove overtopping competition vegetation consisting of larger and
often older, suppressed or poor vigor stems of the same species as the desirable younger
regeneration. These older stems are often unmerchantable stems left after regeneration harvests that
can effectively suppress younger regeneration. Liberation thinnings might be appropriate for some
stands being managed by single tree or group selection thinning.

Cleanings (also sometimes called brushing) entail removal of undesirable stems or species of the
same age as the desired regeneration. Cleaning seeks to maintain or improve dominance of the
future stand by removing faster growing undesirable species or by removing poorly formed or surplus
stems of desirable species. Cleanings might be useful in stands managed via group selection,
shelterwood, or clearcut systems, where greater light availability may stimulate too much
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regeneration of faster growing shade intolerant species. Also, under group selection and shelterwood
systems, residual overstory densities that are favorable for establishment of some species (i.e.,
yellow birch, oak) may also benefit undesirable species such as hop-hornbeam and striped maple. In
these cases, a cleaning may help suppress unwanted competition from these non-commercial
species.

While release thinnings can offer the opportunity to improve or maintain dominance of desirable
species among regeneration, the value of these treatments must be evaluated against the added cost
and potential reduction in stem quality that may result from early stand entries. Heavier release
treatments or very early treatments may result in poor fork correction, delayed self-pruning, and
greater incidence of epicormic sprouting (Godman and Marquis 1969, Erdmann et. al. 1981, Lamson
and Smith 1987).

The following are suggested for release thinnings in northern hardwoods:

e Use release thinnings only when stems of high value species are overtopped by less valuable
species or stems of the same species;

o Delay release thinnings until canopy closure, usually at 10 to 20 years for most northern
hardwood species;

¢ Release only dominant and co-dominant trees;

e Cut only stems whose crowns touch the crop tree;

e Delay release until age 25 in stands with a significant grapevine problem.

Management Considerations
This section is organized as a series of queries and responses. Note that there is some overlap between the
sections due to their inter-relatedness.

1)

1) How can Kotar habitat type be used to inform management decisions?

2) Should | use an even-aged or uneven-aged silvicultural system?

3) For what species composition should | manage?

4) How does stand condition and structure influence management?

5) How do forest health considerations influence management?

6) How do | enhance wood quality?

7) How do | enhance wildlife habitat and biodiversity?

8) Is deer browse causing poor regeneration and how can | mitigate the problem
9) How do | manage for big trees?

10) How do climate change considerations influence management?

How can Kotar habitat type be used to inform management decisions?

In Michigan, northern hardwoods are found most often on the Kotar habitat types listed in Table 1.1.
Habitat type is increasingly used in addition to site index, soils information, and other measures of site
potential to inform stand management choices. Habitat type can indicate the relative growth potential for
component species of northern hardwoods. Table 1.1 lists growth potential and an estimated site index
range for sugar maple. Site index curves for the major northern hardwood species are in Appendix E.

In general, the more mesic and nutrient rich habitat types support best growth for all northern hardwoods
species. On the higher quality sites, shade tolerant species have a competitive advantage over
intermediate and shade intolerant species. On the poorer habitat types, intermediate shade tolerance
species (i.e., red oak and yellow birch) often have a competitive advantage over shade tolerant species
(sugar maple, beech, etc.).

Managers can use habitat type to help make stand management decisions on a site specific basis. Habitat
type can be used to help identify options for management, including:
e Conversion to other forest types;
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o Diversifying stand structure and composition using group selection or shelterwood techniques;

e Maintenance and enhancement of uneven-aged stand structure using traditional single tree
selection;

e Options to restore species that are not present currently, but historically were important on the site.

To help identify which management options are appropriate, managers can use the following questions to
evaluate each stand in light of habitat type information:

a. What is the quality and vigor of the current overstory, as a whole and by species (i.e. is it worth
carrying trees in a selection system, and which species (if any) are doing well?

b. Is there sufficient density of good quality dominant and co-dominant trees of the right species and
vigor to serve as seed trees in a shelterwood system?

c. What species are not currently present that the site could support as predicted by habitat type? For
example, a poorer site currently dominated by low quality hardwoods could be converted to mixed
pine-oak using a shelterwood harvest or clearcut combined with artificial regeneration, if a particular
pine species seed source is not currently present on the site.

d. What are the current regeneration tendencies of the site?

e. Isthere potential for conversion to aspen by clearcutting, based on its current presence in the
overstory (10 ft*acre BA or more)? This could be a good option on some poor quality hardwood
sites that contain some vigorous bigtooth aspen.

Habitat Type Characteristics by Region
General vegetation-site characteristics by habitat type are summarized in the section that follows. Click on
the habitat type you are interested in or region to skip to the appropriate section.

Does habitat type suggest an appropriate silvicultural system to use?

Information from habitat type may suggest in general which silvicultural systems may work well for
reproducing or cultivating the species that perform well on specific habitat types. However, these decisions
should be made on stand or site specific basis.

In general, for northern hardwoods:

e Single tree selection and group selection systems appear appropriate on higher productivity habitat
types where favoring shade tolerant species is an objective.

e Shelterwood and clearcut systems could be appropriate where there are regeneration problems, or
on the lower productivity habitat types where favoring greater representation of intermediate shade
tolerance or intolerant species is a goal.

However, any of these systems can work well on a given site to meet specific management objectives, or
in light of specific current stand conditions. For example:

e Poor quality and vigor of the overstory on a high productivity habitat type may support use of
clearcut or shelterwood techniques instead of single tree selection.

e Lack of suitable seed trees (poor vigor or wrong species) may suggest clearcutting on sites where
habitat type might otherwise indicate the use of group selection or shelterwood systems.

e Poor quality northern hardwood stands could be converted to other cover types, as suggested by
habitat type information (i.e., conversion of poor M-type to oak-pine by clearcutting and planting).

Conversion to other cover types may be appropriate based on presence of desirable regeneration in the
understory, or presence of that species in the overstory (i.e., 10 ft?/acre or more BA of aspen in the
overstory)
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Northern Lower Eastern Upper Western Upper Peninsula

Peninsula (NLP) Peninsula (EUP) (WUP)
PArvvb AFTD AVVb
AFO AFPo AVb
AFOCa AFOAs T™MC

ATFAs
AArAst
AArLy

ATM (ATM-O, ATM-Sm)
ATD (ATD-Hp, ATD-Ca)
AOCa

See Burger and Kotar (2003) for a detailed description of each habitat type.

Northern Lower Peninsula (NLP)

A. PArVVb (Pinus strobus-Acer rubrum/Vaccinium-Viburnum acerifolium):

PArVVb are the driest, most nutrient-poor sites that northern hardwoods can dominate in the NLP.
These sites are found on outwash sands and coarse moraines, and often have cemented
subsurface layers that create perched water tables (i.e., a fragipan). Stands can have a minor
overstory component of some large stems of sugar maple and other mesic hardwoods (e.g., ash,
black cherry, beech), but these species rarely dominate overstory. While seedlings and saplings of
these species are common, they usually have low vigor on these sites.

More commonly, these stands are dominated by intermediate shade tolerant species--mixtures of
red oak, red maple, and bigtooth aspen with smaller admixtures of white oak, white pine and red
pine. These species all have good growth and form on these sites, usually better than the more
mesic-associated shade tolerant species found here.

Because of the relative growth potential differences between tolerant and intermediate shade
tolerant species on these sites, PArVVb may present better opportunities for managing several of
the less shade tolerant hardwood species (e.g., oaks, bigtooth aspen) mixed with white pine, than
for traditional sugar maple-beech dominated mixtures.

Red maple is the most aggressive competitor on these sites and may need special attention, if it is
not desired as a dominant component of future stands.

B. AFO (Acer saccharum-Fagus grandifolia/Osmorhiza claytoni):

AFO habitat types are typically found on well-drained loamy sands with gravelly subsurface layers,
are often associated with moraines, and are common in the northern and western areas of the NLP.
Sugar maple is typically the dominant overstory species, but is also sometimes co-dominant with
admixtures of basswood, American beech and white ash. Although usually a minor canopy
component, red and white oak often have excellent form and growth here. Upland mesic conifers,
such as hemlock and white pine, are not currently well represented, but were significant stand
components before the logging era.

Managing the composition of regeneration may be a significant challenge on this habitat type, in
part due to high site productivity. Canopy openings can have dense Rubus spp. cover, which can
compete with tree regeneration. Stands with a history of partial harvest often have dense American
beech and hop-hornbeam regeneration that may out-compete less common but desirable sugar
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maple regeneration. Mechanical and/or herbicide treatments may be necessary to control excessive
American beech and hop-hornbeam regeneration on these sites.

Traditional single tree selection systems will favor shade tolerant, large seeded species (maple,
hop-hornbeam and beech).

Less tolerant species (e.g. red oak, white ash, white pine, and basswood) require openings larger
than those typically used in single tree selections systems, combined with control of competing
species (especially oak, hop-hornbeam, and occasionally American beech reproduction). Some
species, particularly those with small seeds (e.g., eastern hemlock and yellow birch), may require
establishment substrates that are currently poorly represented in managed forests, such as
exposed mineral soil and coarse woody debris. Seed sources may be lacking for some species that
were historically common on these sites (e.g., hemlock and white pine).

C. AFOCa (Acer saccharum-Fagus grandifolia/Osmorhiza claytoni-Caulophyllum thalictroides):

AFOCa has higher productivity than AFO due to finer textured soil sub-layers, and higher nutrient
and water availability. AFOCa sites tend to be more restricted to moraines and drumlins than AFO.
Like AFO, AFOCa stands are often dominated by sugar maple, but basswood, white ash, and
beech are well represented and sometimes dominant. In the NLP, all hardwoods reach maximum
growth potential and perhaps greatest quality on this habitat type. Black cherry far more
consistently attains good form on AFOCa than on other upland habitat types where it occurs. Oak (if
present) also has superior form on these sites.

Managing composition of regeneration and controlling competitors (like raspberry, hop-hornbeam,
and elderberry) can pose significant challenges on these sites, and control with mechanical and/or
herbicide treatments may be necessary.

Eastern Upper Peninsula (EUP)

A. ATFD (Acer saccharum-Tsuga Canadensis-Fagus grandifolia/Dyopteris spinulosa):
ATFD is the most nutrient poor habitat type that northern hardwoods typically dominate in the EUP.

Northern hardwoods species can be found as minor overstory components on the drier and
more nutrient poor PArVAa sites in this area (e.g., beech, sugar maple, yellow birch, and hemlock),
but they typically have poor vigor and form on these sites. Later successional forests on the
PArVAa are dominated by red maple, white pine, and red pine, as they are better adapted to, and
stronger competitors than sugar maple on these sites.

ATFD is usually found on deep sands that have fragipans starting at a depth of 2 feet. Sugar maple
and red maple are the dominant species, however, beech, yellow birch, and hemlock can be
important minor canopy components. White pine and hemlock were important components of these
stands until the logging era. The growth potential for sugar maple on this habitat type may be lower
than for some of its associates, including red maple and white pine, but it is possible to grow high
guality stems of most species.

The most common regeneration components include beech, sugar maple, balsam fir, and red
maple. Yellow birch, hemlock and white pine are generally absent, even if large trees are present.
Cultivating preferred regeneration compaosition on these sites can pose a significant management
challenge.

B. AFPo (Acer saccharum-Fagus grandifolia/Polygonatum pubescens):
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AFPo is found on a variety of soils and landforms, and like ATFD sites usually have a fragipan at a
depth of 2 to 3 feet. AFPO is considered to be more mesic and productive than ATFD. Composition
is similar to ATFD, except sugar maple is more common and red maple less common. White pine
and hemlock were both better represented in pre-logging era AFPO stands than now.

Management concerns and opportunities are very similar to ATFD sites, except that productivity is
greater, and regeneration composition is somewhat different. Sugar maple strongly dominates
regeneration, and red maple is of secondary importance on these sites.

C. AFOAs (Acer saccharum-Fagus grandifolia/Osmorhiza claytoni-Arisaema atrorubens):

AFOAs occurs on moraines and tills that have clay and/or gravel in subsurface layers. It is the most
mesic and nutrient rich habitat type found in the EUP, and thus is highly productive for all species
including northern hardwoods. Single tree selection will favor perpetuation of tolerant hardwood
species including sugar maple, American beech and hop-hornbeam.

Less tolerant species such as red oak, white ash, white pine, and yellow birch require larger harvest
openings and, in many cases, control of competing vegetation. Competitors to sugar maple
regeneration often include raspberry, and advanced tree regeneration of American beech and hop-
hornbeam, which may need to be controlled with mechanical and/or herbicide treatments on these
sites.

Western Upper Peninsula (WUP)

A. AVVb (Acer saccharum/Vaccinium angustifolium-Viburnum acerifolium):

AVVb is scattered throughout the WUP and especially prevalent in Gogebic and Iron Counties. It
occurs on well-drained moraines and pitted outwash. It is the most nutrient poor and least mesic
habitat type that northern hardwoods commonly dominate in the WUP. Sugar maple has poor form
and low productivity on these sites and should not be favored by management.

In contrast, red oak, white pine, red pine, red maple, aspen and paper birch all grow well on AVVb
and should be favored for management, depending on goals and current stand conditions.

For example, white pine and/or red oak exist as advanced regeneration in some stands, and could
be favored. Red oak has been shown to respond favorably to the shelterwood system on these
sites, and in general, most of the species that grow best on AVVb would benefit from harvest
methods that create larger canopy openings. Underplanting is also an option for augmenting oak
and white pine on these sites.

B. AVb (Acer saccharum/Viburnum acerifolium):

AVb is a relatively rare habitat type, occurring near the Menominee River in western Menominee
County and in southern Dickinson County. It is very similar to AVVb with respect to species growth
potentials and silviculture. Specifically, sugar maple has poor form and productivity on these sites
and should not be favored.

AVb sites may be well suited for regenerating white pine, red pine, red oak, paper birch and aspen,
which have better form and productivity here than sugar maple. These species are often present,
and competition from tolerant hardwoods (including sugar maple, American beech and hop-
hornbeam) is less severe than on richer habitat types. Shelterwood or large group selection
harvests are recommended to favor oak on these sites.
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C. TMC (Tsuga Canadensis/Maianthemum canadense-Coptis groenlandica):

TMC is a common and widely distributed habitat type in the WUP. It occurs on most landforms
within its range, typically in low lying areas, and near the edges of bodies of water. TMC has
abundant soil moisture, often due to shallow water tables, but has only medium fertility. Growth of
all species is poorer than on well-drained mesic sites. Sugar maple, red maple, hemlock and
balsam fir are common overstory components and a wide array of species is well represented in
regeneration layers. Productivity of sugar maple is relatively poor on TMC, whereas productivity of
aspen, paper birch, red maple, hemlock and yellow birch is relatively good.

Due to the wet soils, managers should consider the risk windthrow, access restrictions and the
potential for management to further elevate water tables following harvest.

D. ATFAs (Acer saccharum-Tsuga canadensis-Facus grandifolia/Arisaema atrorubens):

ATFAs is common in eastern Menominee and Delta Counties on soils with fragipans. Water
availability is relatively high due to the fragipan, and nutrient availability is medium. Sugar maple
now dominates these stands, however pre-logging era stands were likely mixed forests of hemlock,
yellow birch, sugar maple, with white pine and American beech as strong associates. All upland
native species have high growth potential on ATFA, and a wide variety of harvest methods can be
used here. Where desirable, these sites may be particularly good for encouraging hemlock
regeneration.

E. AARAst (Acer saccharum-Acer rubrum/Aster macrophyllus):

AARAst is scattered throughout the Keewenaw, Houghton and parts of Ontonagon Counties on a
variety of soils. In this region, AArAst is the driest and most nutrient poor habitat type upon which
northern hardwoods/sugar maple dominate. Like similar habitat types in other regions, the
combination of a broad array of canopy species, relatively good growth of less shade tolerant
species, and relatively low competition from tolerant species regeneration makes these sites ideal
for favoring less tolerant species using a variety of harvest methods (e.g., group selection,
shelterwood, seed tree, and clearcut harvests).

F. AArLy (Acer saccharum-Acer rubrum/Lycopodium annotinum):

AArLy is mostly found in Keweenaw and Houghton Counties on soils formed in deep coarse till or
thin till over bedrock. Similar to AARAst, some of the less shade tolerant trees such as aspen, red
oak, and red maple attain good growth here, whereas sugar maple has variable growth and form.

Compared to AARASt, regeneration of poorer site- and less tolerant-species (e.g., pine, oak) is less
common, whereas tolerant sugar maple, balsam fir, and red maple are more common. Managing
for less tolerant species will pose a somewhat greater challenge on AArLy than on AARAst due to
greater competition from tolerant stems, but opportunities for this are still good. If managing for less
tolerant species is the goal, then use of group selection harvest opening sizes larger than those for
single tree selection are advised.
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G. ATM (Acer saccharum-Tsuga canadensis/Maianthemum canadense):

ATM-O and ATM-Sm is found in Ontonagon, Houghton and Keewenaw Counties. It is a
widespread, common habitat type found mostly on moraines, and has medium moisture and
nutrient availabilities. ATM supports good growth of, and strong competition from, most tolerant
species (e.g., sugar maple, basswood, hemlock). Hemlock was much more common and red and
white pines were better represented on ATM sites in the pre-logging era. Nearly all species grow
well on ATM, and both dominant trees and regeneration are among the most diverse of any habitat
type in the WUP.

If maintaining stand diversity is the goal, it will be important to use larger harvest openings than are
used for single tree selection. Managers will also have to evaluate the potential for competition from
tolerant species, and the availability of seedling establishment substrates, if promoting less tolerant
species or smaller seeded species is the management objective.

ATD (Acer saccharum-Tsuga canadensis/Dryopteris spinulosa):

ATD includes the ATD-Hp and ATD-Ca variants and is common and widespread in the WUP,
where it is found mostly on coarse- to medium-textured moraines. ATD supports near optimal
growth for northern hardwoods. Although there are some red oak, white pine, and aspen in the
overstory, regeneration is strongly dominated by sugar maple and other shade tolerant hardwoods.
Hemlock was a more important component in the pre-logging era, but now its seedlings are
uncommon due to insufficient seed sources and regeneration substrates.

These sites are difficult to manage for anything other than shade tolerant northern hardwoods and
hemlock because sugar maple is ubiquitous and a strong competitor for all but the most shade
tolerant species. Less tolerant species such as oak, aspen and white pine grow well here, if they
can become established.

AOCa (Acer saccharum/Osmorhiza claytoni-Caulophyllum thalictrodies):

AOCa is common and widespread in the WUP where it is associated with mostly ground moraines
and drumlins. It is the most mesic and nutrient rich habitat type in this region and supports optimal
growth for all northern hardwood species. Any harvest type will result in the perpetuation of shade
tolerant hardwood species, as they dominate advanced regeneration and are very competitive here.
Less shade tolerant species, such as red oak, white ash (which is a common overstory component),
white pine, and yellow birch, require larger group selection harvest openings and (in many cases)
control of competing vegetation.

2) Should I use an even-aged or uneven-aged silvicultural system?
The choice of which silvicultural system to use depends on several factors, including:

Productivity or growth potential of the site (see the previous section on habitat type);

Current stand condition and structure (see the section that follows);

Management goals and objectives for the stand;

Economic factors—specifically, consideration of the timber production goals for the stand or area,
and the costs and benefits that result from particular silvicultural systems;

Social factors—aesthetic, recreational, and other values that can be affected by the system chosen;
Wildlife and biodiversity goals and objectives (see the section entitled “How do | enhance wildlife
habitat and biodiversity?”). In some areas, management to maintain or favor rare, threatened or
endangered species may require the use of a particular silvicultural system (e.g., red-shouldered
hawk and single tree selection).

At issue is a choice between two basic silvicultural systems:

36
IC4111 (03/17/2015)



Even-aged silvicultural systems: The entire stand is regenerated within a relatively short period of time,
such that an even-aged stand results. Common even-aged systems include shelterwood, and clearcut.

Uneven-aged or all-aged silvicultural systems: Periodic partial harvesting results in the maintenance or
creation of multiple age classes, such that the age-class distribution of the ideal stand fits an “inverse J-
shape”. Forest regeneration representing age cohorts results from periodic partial harvesting of mature
and/or defective and undesirable trees as individual trees or in groups up to ¥ acre in size. These systems
are usually referred to as single tree selection and group selection, respectively.

These systems differ in the species diversity and composition that result, and the quality of sawtimber
produced. Even-aged management results in greater species diversity and greater representation of less-
shade tolerant species. By contrast, uneven-aged management often results in superior quality and value
sawlogs, and regeneration dominated by shade tolerant species. Uneven-aged systems are also more
aesthetically pleasing to most observers. A more detailed discussion on implementation of these systems
is contained in the Silvicultural Systems and Treatments section. Crop tree selection and release are
intrinsic to both systems. Refer to The Compleat Marker (Pierce et. al. 1994) for more information on crop
tree identification and management.

Two factors that can influence the choice of silvicultural system for northern hardwoods are habitat type,
and current stand structure/composition:

a) Among habitat types dominated by northern hardwoods, those that are less moist and less nutrient
rich tend to support greater growth and quality for less shade tolerant species (e.g., oaks, bigtooth
aspen) that are often mixed with pines. These less mesic/less fertile sites tend to be better
candidates for even-aged silvicultural systems.

Conversely, more fertile habitat types tend to be better candidates for uneven-aged methods due to
the high competitive ability, optimal growth, and form of shade tolerant hardwoods on these sites.
However, maintaining or increasing the less tolerant component on nutrient rich sites may be
contingent upon creating larger group-selection regeneration gaps in combination with measures for
controlling tolerant competitors.

b) Current stand structure and composition are also important factors to consider in a silvicultural
system. In stands that currently have an uneven-aged structure and where the results appear
satisfactory, continuing with uneven-aged management is usually the best choice. Satisfactory
uneven-aged management results include development of adequate stocking of desirable species
in all age classes. Unsatisfactory results could include poor stem or tree quality, stocking dominated
by undesirable species, or failure to obtain desired regeneration composition.

Opportunities for Even-Aged Management in Uneven-Aged Stands
Even-aged management can be a useful tool for improving uneven-aged northern hardwood stands, in
some situations:
e Where it is desirable to increase tree diversity and structure, modifying stands with a history of
single tree selection by introducing some larger harvest gaps (>= %2 acre) could be appropriate.
e Stands with poor form and/or undesirable species composition could be candidates for even-
aged management, even if there has been a history of uneven-aged management.
e Stands where chronic regeneration failure has occurred from deer browsing or other factors
could also be well suited for even-aged management.
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Predominance of Even-Aged Northern Hardwoods Stands on State Forests

Many northern hardwood stands in Michigan have developed following heavy logging and in some
cases, were followed by fire, which has resulted in even-aged stands all across the state. On state
forest lands, many of these stands are pole-sized or larger and most have been thinned (commercially
or non-commercially) at least once. These stands should be evaluated based on the criteria described
above for site potential and stand condition. Most stands are at a point of development where a choice
should be made to perpetuate the even-aged structure that is a legacy of historic treatments, or to
promote uneven-aged structure. Even-aged structure can be maintained by regenerating the stand
using clearcut or shelterwood systems. Converting the stand to uneven-aged structure may take 80 or
more years, where single-tree or group selection thinning is applied over time to develop the desired
tree quality and stand structural characteristics.

Some stands are in a transition between even-aged and uneven-aged structure. Some of these
previously even-aged sawlog-sized stands may be beyond benefit from additional crown thinning. In
these stands, the crowns of mature residual trees are no longer able to respond to thinning to fill the
growing space created by harvests. Before additional thinnings are prescribed, a choice should be
made between using even-aged or uneven-aged systems to guide long-term development and
regeneration of these stands.

3) For what species composition should | manage? Species composition goals are often informed by
economic and biological goals, and constrained by site potential, current composition, and the economic
costs and benefits of silvicultural treatments. Species composition can be altered by selective removal of
individual species, and by silvicultural systems that favor one species over another. The potential species
compositions listed below are:

e Potential long-term goals for a stand,;
¢ Not limited by present species composition;
o Not attempts to preclude species composition change via stand treatments.

Conceptually, it is the site that is being managed in the long-run (and its productivity or limitations for
individual species), rather than the current stand composition.

A. Sugar maple dominant with basswood, ash, and/or yellow birch. These stands can be managed
for either even-aged or uneven-aged objectives, depending on the site and stand conditions:

a) To increase yellow birch and basswood, manage for even-aged conditions.

b) To favor even greater dominance by (and better sawlog quality in) sugar maple, use uneven-
aged management.

c) Both pulpwood and sawtimber volume objectives can be achieved using uneven-aged or even-
aged management.

d) Even-aged management may be a more appropriate objective on sites where productivity or
current tree form and log quality is poor. An alternative to even-aged management is to employ
a combination of single tree selection and group selection methods, creating some larger
canopy gaps than the single tree-sized gaps that are traditionally used in selection methods.
Gaps larger than 74 feet in diameter (400 m? or about 0.1 acre) have been found to favor yellow
birch (Webster and Lorimer 2005) and likely are required for other less tolerant hardwoods
including ash, oaks and basswood saplings.

B. Beech — sugar maple. These stands are best managed for uneven-aged conditions and are the most
likely result of previous single tree selection uneven-aged management, especially on more
mesic/nutrient rich habitat types. Beech bark disease is a threat to American beech in Michigan, with
projected statewide losses of beech volume of about 800 million board feet. Management objectives for
stands containing beech-sugar maple should focus on reducing the basal area of the beech
component, and retaining a minor amount of healthy or potentially resistant morpho-type stems
whenever possible. See the American beech management guidance (MDNR 2012) for more
information.
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C. 20% Aspen or paper birch—northern hardwoods. These two associations have similar management
options and potentially similar objectives. Stands that contain more than 20% aspen or paper birch
could be good candidates for conversion to aspen or birch. Such stands can be managed for good
guality pulpwood production with aspen and birch regeneration objectives using clearcutting, and heavy
shelterwood or seed tree cuts respectively.

These sites can also be converted to high quality northern hardwoods where advanced regeneration of
sugar maple is adequate. The process of moving these stands from predominantly aspen or birch to
northern hardwoods may take several decades, and should only be undertaken on more nutrient rich
Kotar habitat types, and when advanced sugar maple regeneration is well-established.

Maintaining birch and aspen as the dominant overstory species on the most fertile and mesic habitat
types (e.g., AFOCa) may be difficult given aggressive competition from tolerant hardwood sprouts and
advanced regeneration. However, maintaining a co-dominant or minor component of vigorously
sprouting aspen in the overstory may be possible.

D. Red oak — northern hardwood. While red oak is a valuable component in these stands for timber
production and mast for wildlife, none of the known silvicultural methods consistently maintains or
increases oak in these stands (Tubbs 1977). The well-known oak researcher Paul Johnson has stated,
“No scientifically based prescription for naturally regenerating red oak is available for any of the major
forest types in which it occurs” (WI DNR, 2006).

Therefore, objectives for this type are usually limited to trying to maintain some of the oak component in
the stand while managing for the more shade tolerant northern hardwood species. Clearcutting is not
recommended.

By relying on stump spouts, managers have had some success in maintaining oak on even the richest
habitat types. Oaks which are cut singly or in clumps, in the center of a 40-60 foot diameter canopy
gap, provide the best possible conditions for vigorous growth of stump sprouts.

The best opportunities for maintaining or increasing the oak component in northern hardwood
dominated stands are probably on the poorer habitat types. On these sites, competition from shade
tolerant species is not as strong. However, favoring oak may still require control of red maple combined
with even-aged silvicultural systems such as shelterwood.

Some opportunities may also exist for cultivating oak-northern hardwood stands in the understories of
red pine plantations on mesic sites.

E. Hemlock — northern hardwood. Typical objectives for this type include maintaining the hemlock
and/or yellow birch component, or increasing the dominance of sugar and red maple. If the goal is to
promote sugar or red maple, then single-tree selection system should be used.

If the goal is to maintain or promote the hemlock or yellow birch components, then a shelterwood
system should be used in combination with surface scarification on mesic to wet-mesic sites, or
harvests should retain large diameter coarse woody debris. In the absence of scarification, the rotting
wood of conifer logs has been noted by some authors as the only reliable substrate for the
establishment of small seeded yellow birch and hemlock (Marx and Walters 2008). However, a history
of harvesting (including removal of most of the conifer component) has left most sites low in conifer
coarse woody debris, and in total coarse wood debris coverage (Hura and Crow 2004).

In some lake-effect influenced areas, staff have observed hemlock regeneration and recruitment in the
absence of significant coarse woody debris.
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4)

5)

Underplanting can also be used to restore or maintain the hemlock component in partially harvested
northern hardwood stands. Where deer populations are less than 13 deer per square mile, hemlock
and other mesic conifer seedlings can be planted in canopy gaps created during harvesting. In areas
with higher deer population densities, hemlock and other mesic conifer seedlings are best planted only
in less accessible areas, such as steep slopes.

However, in some areas of Michigan, excessive deer browsing precludes successful hemlock and
yellow birch regeneration, regardless of the method employed.

How do stand condition and structure influence management? When considering management
objectives, present stand condition and structure should be considered. Stand condition sometimes reflects
site factors such as moisture availability or nutrient status, but it can also indicate poor past treatment or
natural damage. Northern hardwood stands that are in poor condition or that have poor structure often
have histories of natural disturbance (fire, wind damage, insect and disease problems), high-grading, or
combinations of these factors. Sometimes the damage may impair stand productivity to the point that
management for high value sawtimber and veneer is no longer justified.

In cases of poor stand condition, managers should consider whether to:

¢ Regenerate the stand to produce a new, vigorously growing cohort of the same species mixture, in
cases where past management is the cause of the current poor structure or condition. A final
harvest resulting in a new, even-aged stand (i.e., clearcut, shelterwood) could be considered to
encourage regeneration of a stand with potential for higher quality fiber production, in addition to
other goals.

e Use silvicultural systems that promote a different species mixture and that would have better
productivity on the site.

¢ Manage the stand “as is” for biodiversity and wildlife habitat, when the cause of poor condition is
poor site productivity for the existing species mixture. In these stands, practices that improve tree
species diversity (conifers, mast producers, and intermediate shade tolerant species) and wildlife
habitat attributes (den or nesting trees, coarse woody debris, and super canopy trees) could be
favored.

Where stands are in good condition (exhibit well developed structure with a good range of age and size
classes, well established advanced regeneration, and well developed herbaceous, shrub and mid-canopy
layers) uneven-aged management objectives that build on these characteristics should be favored. A key
guestion to answer when evaluating poor quality stands is:

“Are the current stand conditions the result of past history or an expression of poor site quality?”

Poor stand conditions due to management history can often be overcome through careful future
treatment.

Poor site quality must be recognized before investing efforts to improve the stand. The forest manager is
well advised to assess the stand’s potential before management decisions are made.

How do forest health considerations influence management?

Management guidance is listed below for the most significant damage and mortality causing pests and
diseases affecting northern hardwood stands. A more complete listing of other biotic and abiotic damaging
agents affecting northern hardwoods is included in Appendix A.

40
IC4111 (03/17/2015)



Predisposing Conditions:
Conditions that predispose northern hardwood stands to damage from insects and diseases include the
following:

Past Management: Northern hardwoods are particularly predisposed to declines in Michigan due to
historical management practices, (e.g., clearcutting and highgrading harvests of old growth during the
early 1900's, followed by slash fires or wildfire in some areas), storm damage, drought, and in some
cases modern logging damage. Sapstreak is a disease that is likely induced by a combination of
stressors and predisposing damage from injuries to the lower stem and roots resulting from logging.

Extremely Low or High Stand Density: Over-stocked stands can have higher stress from competition for
sunlight, and under-stocked stands can have stress from lack of protective shade. Thinning stands
regularly to maintain recommended stocking can help minimize stress before primary pest infestations
or infections occur.

Poor Overstory Species Diversity: Damage can be exacerbated by poor overstory tree species
diversity, poor stand structure, and poor average tree form. Stands dominated by only a few species
tend to have higher risk of damage if a defoliator, disease, or virus is introduced that primarily attacks
one of those species. Stands with higher diversity often experience lower damage in these events, in
part because transmission between individual stems is more difficult in mixed species stands than in
pure or nearly pure monocultures.

Poor Stand Condition or Stem Form: Stands with poor stem form often experience greater damage
during storms due to stem failure at fork unions or cankers. Whole stands may have poor stem form.
These sites may be good candidates for management via even-aged systems, or by group selection to
diversify species composition and regenerate better quality, more vigorous stock. Use habitat type as a
guide when considering management options for these stands.

Poor Site Productivity: Poor vigor stands on habitat types with a poor nutrient regime may be
predisposed to forest health problems. Habitat type, site index and soils information may help
managers identify stands where site productivity is a significant predisposing factor. Stands on lower
productivity habitat types may be healthier if managed for mixtures dominated by less shade tolerant
species, or if converted to other forest types that are better suited to the site’s productivity, such as
aspen, oak, or pine.

Inciting Factors:

The Emerald Ash Borer (EAB) and beech bark disease (BBD) can function as inciting factors in northern
hardwood forests. They are causing considerable mortality, volume loss, and having a significant impact
on stand composition, structure, function, and wildlife habitat. Other exotic pests that may become a factor
in future stand management include the Hemlock Wooly Adelgid (HWA), and Asian Longhorned Beetle
(ALB).

General recommendations for mitigating or avoiding specific forest health problems include:

Remove unhealthy, damaged, and high-risk trees where they compete with crop trees during
harvests. An example of a high-risk tree could be an American beech near the advancing front of beech
bark disease. The high probability of individual beech dying before the next entry may make it a good
candidate for removal. When choosing how many and which trees to remove, managers should weigh
the risk of volume/value loss against other resource values, such as mast production, availability of
cavity trees, and maintenance of the minimum recommended stocking.
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Other types of high risk trees to prioritize for removal include:
0 Trees with cankers--Maple borer, Eutypella and Nectria canker damage are more susceptible
to breakage, in addition to being less valuable crop trees.
0 Trees with root damage from logging, frost cracks or sapsucker damage should generally
be candidates for removal.

e Minimize harvesting damage. Harvesting operations in hardwood stands should be set up and
monitored carefully to minimize mechanical damage to roots and boles. Such damage provides entry
points for pathogens like sapstreak disease and Armillaria root rot, and diminishes the tree’s ability to
absorb water and nutrients. Root injury is often associated with soil compaction.

e Promote tree species diversity. Higher tree species diversity greatly reduces overall stand
susceptibility and vulnerability to biotic and abiotic stressors. Larger canopy gaps from group selection
or shelterwood systems may be used to increase species diversity through the regeneration of less
shade tolerant species like basswood, yellow birch, cherry, oak and red maple.

e Consider site productivity when selecting which tree species to retain or favor during marking.
Use habitat type, site index, soils information, and other ecological classification systems when
selecting species to promote. Matching the right tree species to the site greatly improves long-term
vigor of the forest resource.

e Report field observations of important and exotic invasive pests. Beech bark disease, emerald
ash borer and hemlock wooly adelgid are three exotic pests of concern in northern hardwoods. Report
observations of these pests to the DNR FRD Forest Health Program.

Major Pests:

A. Emerald Ash Borer:
The Emerald Ash Borer (Agrilus planipennis Fairmaire) was discovered feeding on ash in southeastern
Michigan in 2002. Ash trees native to North America appear to have little to no immunity to EAB. Since
ash is a common component of northern hardwood forests, EAB is likely to have a significant impact on
stand management. EAB now can be found in most parts of the LP and much of the UP. For a full
discussion of EAB life history, management, and control strategies, see:
¢ Ash Management: Emerald Ash Borer IC4029 (Rev. 02/22/2012) (Michigan DNR 2012).

Guidance for salvage and pre-salvage of EAB and BBD affected stands on state forest lands can be
found in:
e Ash & Beech Management Guidance: Emerald Ash Borer & Beech Bark Disease 1C4029-8
(Rev. 09/28/2102).

Control Efforts—Quarantines

Regulatory efforts to eradicate populations in the LP are no longer feasible, although a quarantine
remains in place in the UP to help control the spread of the pest. The MDARD website contains current
guarantine language, maps, and updates: http://www.michigan.gov/mdard

Maps showing known EAB populations in North America are available on the internet at:
http://www.emeraldashborer.info

General Management Recommendations:

In 2012, MDNR recommended staff salvage or presalvage stands with significant components of ash
within the next 5 years in the LP and in parts of the UP. UP staff were advised to salvage infested
stands, and presalvage un-infested stands in quarantined counties and within 10 miles of quarantined
counties.

A slow-the-spread strategy was recommended for UP stands that were >10 miles from quarantined
counties, specifically staff were advised to:

e Remove dominant and co-dominant ash first;

e Avoid reducing BA below 70 ft2/acre;
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e If retaining some ash to meet minimum BA guidance, or for biodiversity retention, select
vigorous pole-sized or smaller ash stems.
Guidance for management of stands on state forest lands with significant BA of both ash and American
beech is summarized in 1C4029-8, and briefly in the inset box below.

EAB Management Recommendation Summary:

Management options for EAB in northern hardwood stands differ depending on the commercial value of the ash and
associated tree species, the relative abundance and distribution of ash in a stand, the vigor of the ash resource, and
the amount of time before EAB reaches the stand. A summary follows:

In general:
e Salvage or presalvage ash, if ash + beech is > 10% of total stand basal area.
e Ifall ash in the stand has poor vigor, then little or no ash should be retained.

Specific recommendations include:
1. Upland stands:
a) Do not reduce stand basal area below 75 ft*/acre.
b) Remove the largest ash first.
c) Leave vigorous pole sized trees. Limit canopy gaps to 60 feet in diameter or less to discourage ash
regeneration.
d) Consider suppressing ash regeneration using chemical or mechanical treatments.

2. Lowland stands:
Management may not be practical due to BMP concerns and/or low commercial value. In these situations:
a) Allow EAB mortality to run its course.
b) Consider short- or long-term management for non-timber objectives.
c) Consider converting to different species mixture or another cover type after EAB kills most of the
overstory ash.

3. Stands in the UP > 10 miles from EAB quarantined counties:
These stands may have more than 10 years before EAB affects them. Consider:
e Increasing tree species diversity and decreasing ash basal area using conventional silvicultural practices.
e Give stands closer to known EAB populations higher priority for treatment.

4. Tree species diversity and stand regeneration.
EAB mortality and harvests may lead to creation of understocked stands and conversion to undesirable
species, or to non-forest cover. This is most likely to occur where beech and ash comprise a large part of
stand basal area. In these stands, it may be necessary to:
e Suppress ash regeneration through pre-commercial thinning and/or herbicide use.
e Encourage regeneration of other tree species.

e Underplant canopy openings to supplement stocking levels and species composition.

B. Sugar Maple Borer.
The sugar maple borer is a beetle whose larvae tunnel in the main stem of sugar maple. These tunnels
cause lumber degrade from associated discoloration, decay and twisted grain. Serious defect and
decay associated with borer damage is often the site of stem failure.
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Management Recommendations:

a) Increase species diversity in sugar maple-dominated stands through selection thinning, group
selection or other harvesting systems.

b) Remove over-mature, low vigor, and heavily infested sugar maples.

¢) Maintain stand vigor through timely thinning.

d) Prohibit livestock grazing in northern hardwood stands.

See the USDA bulletin “How to Identify and Control Sugar Maple Borer” (Hoffard and Marshall 1978) for
more information.

C. Bud Miners.
Two common species of bud miners, Proteoteras moffatiana and Obrussa ochrefasciella, overwinter in
the terminal bud of sugar maple and kill it. This causes repeated forking, which reduces merchantable
log length and adds to the risk of crown loss from splitting. Forking at the terminal bud occurs in trees of
all ages, but is especially pronounced in overstory trees. Side crowding and overhead shading help
correct lower forking. Early or heavy thinning sets the fork and causes shorter merchantable lengths. As
fork members increase in size and weight, fork breakage also increases.

Management Recommendations:
a) Maintain minimum a basal area of 70 ft2/acre or more.
b) Select trees with weak bole forks for removal during harvests.

D. Fall Cankerworm, Bruce Spanworm, Linden Looper.
The larvae (loopers or inch worms) of these moths defoliate hardwoods in late- May to early-June.
These epidemics occur periodically lasting 2 to 3 years. Outbreaks often involve hundreds to thousands
of acres. This early season defoliation seldom causes tree mortality. These insects are seldom sprayed
to protect timber values. Heavy defoliation over 2 to 3 years can reduce the sugar content of sap and
reduce tree growth.

If stresses from defoliation are compounded by other events such as a drought, a decline may be
triggered. They commonly affect mature to over-mature trees and/or species which are not well
matched to the site.

Management Recommendations:

a) Monitor defoliation events.

b) If a decline progresses, a salvage or pre-salvage harvest may be needed to capture at risk wood
volume and to renew stand growth and vigor.

Major Diseases:

A. Beech Bark Disease (BBD).
Beech Bark Disease is caused by a combination a scale insect, Cryptococcus fagisuga, and three
species of the fungus Nectria. Decline, “beech snap” and mortality begin after Nectria fungi infect scale
infested trees. “Beech snap” refers to the often observed snapping of the main stem of diseased trees
with mostly healthy crowns. Beech bark disease develops in three stages:

e The advancing front is the area where beech are infested with beech scale, but not yet infected
by Nectria. Advancing front stands can be infested with beech scale for a few years before
Nectria infection begins. Estimates suggest that the advancing front spreads at an average rate
of about 6 miles per year.

e The killing front is defined as the area where beech scale populations are high and Nectria
infection is common. Tree mortality and beech snap are common. Salvage harvesting of scale
infested trees prior to the onset of decline and mortality is often necessary due to high risk of
beech snap.
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e The aftermath forest is defined as the area that has experienced the first wave of beech
mortality. In this area, most of the large, mature beech trees have died and remaining beech are
mostly defective and declining. Some large beech trees remain. Some of these remaining trees
are at least partially resistant to the scale, and therefore resistant to BBD.

All beech-containing stands in Michigan should now be considered vulnerable to BBD. For a full
discussion on BBD management, see:
e American Beech Management: Beech Bark Disease IC 4029-7 (Rev. 02/28/2012).

Maps showing the current known extent of the BBD advancing and killing front are also located on the
Michigan DNR Forest Health internet page: http://www.michigan.gov/dnr/0,4570,7-153-30301 30830--
-,00.html .

Management Recommendations:

Management guidance for BBD differs based on stand condition (uninfested or infested), the combined
dominance of beech and ash (basal area), and proximity to existing BBD and EAB infestations. In
2014, beech scale had been found in most of the counties of the UP, and could be found in more than
half of the counties in the NLP.

Guidance for salvage and pre-salvage of EAB and BBD affected stands on state forest lands can be
found in:
e Ash & Beech Management Guidance: Emerald Ash Borer & Beech Bark Disease 1C4029-8
(Rev. 09/28/2102).

General recommendations are as follows:

a) Un-infested Stands >40 Miles from the BBD Advancing Front
¢ Low dominance (beech is <10% of total stand BA): Consider maintaining beech as a minor
component of the stand (do not harvest the beech.
¢ High dominance (beech is >10% of total stand BA): Consider reducing beech dominance in the
stand by harvesting some of the large diameter beech and reducing beech BA overall in the
stand.

b) Un-infested Stands <40 Miles from the BBD Advancing Front
Un-infested areas < 40 miles from the killing front will likely be impacted by BBD within a single
cutting cycle (within 20 years). Managers will have less time to reduce beech basal area and
increase stand species diversity; otherwise, management recommendations are similar to those for
un-infested stands farther from the Advancing Front. More specific guidance is offered for these
stands in IC 4029-7 and 1C4029-8. If beech is a significant portion of the stand basal area, the
effects of BBD will be severe:
o Low Dominance (beech is <10% of total stand BA):
Do not harvest the minor beech component in these stands. When beech is 10% or less of the
stand basal area, the impacts of tree loss on stand structure and volume will be offset by
benefits of beech retention to wildlife and species diversity values. Some large snags and
hollow beech trees can be left to provide nesting and den habitats and mast.
e High Dominance (beech is >10% of total stand BA):
Favor regeneration of other tree species as described in 4) below. Consider reducing basal area
below 70 ft.%/acre BA in beech pockets.

45
IC4111 (03/17/2015)


http://www.michigan.gov/dnr/0,4570,7-153-30301_30830---,00.html
http://www.michigan.gov/dnr/0,4570,7-153-30301_30830---,00.html

c)

d)

Infested Stands:

Generally