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Bussell Forest Consulting
634 Wellington Rd.
Parkman, ME 04443
(207) 343-0933
Dear Pike Family,
According to our contract plan, included is the management plan of the Pike
Property located on the Parkman Road in Wellington, Maine. The management plan
includes the summarized inventory information, stand delineation, maps, stand
prescription options, as well as many resources regarding subjects of interest.
If you have any questions feel free to contact me at the contact information
provided. You have 30 days to review the document and request concerns or
changes with the plan and payment is expected by this date.
Sincerely,

Mallory Bussell
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I. Property Description
The Pike property is located on the Parkman Road in Wellington, Maine. Consisting
of approximately 93 acres the property is comprised of fields and forestland.
Approximately 67 acres consist of forest. A main woods road that forks part way
through the property with several side roads spurring off to reach the far ends of
the lot bisects the land. There is a small brook that begins on the property from a
series of small groundwater slope wetlands or hillside steeps that run together near
the eastern edge of the property. On the western property boundary another
groundwater slope wetland or hillside steep is present with an excavated spring
approximately 5 feet deep located there. Further analysis of wetland delineation
factors would have to be established for wetland complex functions and size to be
determined. There are two properties excluded from the tract, according to the
deed description of the boundaries and GIS analysis these combined consist of
approximately 9 acres being excluded. There is an abandoned ATV trail crossing
different areas of the property, utilizing many of the already existent woods roads
and crossing the western wetland complex with two bridge crossings present.
The property has five fields all of which are in some state of forest reversion from
their original size. Barbed wire and stonewalls are present at the far reaches of the
property with verbal history and photography suggesting most of the property was
at one time blueberry fields, pasture, or cropland. The northwestern side of the
property has drier stand conditions and is dominated by northern hardwoods
several of the American beech appear to have resistance to beech bark disease with
no or minimal cankers and smooth bark even with neighbors exhibiting the
characteristic red perithecia of the fungus. Beech nuts/masts were found
extensively in this region and indicate an important food source for wildlife. The
north and east sides of the property are a softwood-hardwood mix with an
extensive skid trail system. The northern property line between the main skid trails
has slightly different forest conditions and species composition and has no water
features present though individual blueberry plants were scattered throughout.
Hazards are present on the property where dumping has occurred on several
stonewalls, field edges, and fields. An old farmhouse, barn, and outbuildings are
located on the center of the southern property boundary with a dense patch of
blackberries as well as several apple trees present in this vicinity. Blueberries are a
varying presence in a several fields and in the stand mentioned previously.
The landowner is currently Pluma Pike. Though she no longer resides on this
property our family still actively uses the property for recreation. Family members
use the area walking for pleasure, berry picking, hunting (majority deer hunting
sometimes birds), using ATVs, for camping and cookouts, for wreath tipping and
Christmas trees, and many other activities.
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II. Stakeholder Objectives
1. Recreation is important in their enjoyment of the property so they would like
to sustain or increase these opportunities.
2. Maintain and sustain adequate wildlife habitat for ruffed grouse and whitetailed deer to increase and sustain populations.
3. Forest health and sustainability are important and they would like to
promote healthy forest conditions and have these be feasible with the
potential of profitability over time.
4. Income is the least important of their objectives. Given current stand
conditions there is no reason to harvest on this property in the near future,
but the potential to have sustainable harvests at a later time is more
important to them.
Table 1: Stakeholder objectives, qualities, factors, and measurable criteria.

Objective

Factors

Measurable Criteria

Recreation

-Solitude
-Social interaction
-Overnight site conditions
-Trail & roadway
conditions

-Number of people using
the property
-Activities occurring
-Space for multiple parties
-Site condition
-Trail and road condition

- Same or increased number of users
- Same or increased number of
activities available
- Same or better site /trail conditions

Wildlife habitat

-Food sources
-Cover/
shelter
-Water availability
-Breeding habitat

Forest health &
sustainability

-Presence of
disease/pests/conditions
-Potential concerns into the
future
-Assessing sustainability of
objectives over time
-Commercial species
-Improving stem quality
-Assessing & improving
recreation experience
-Assessing and improving
wildlife habitat

-Presence of food sources
-Prevalence of thickets &
snow-intercepting conifers
-Sheltered access to water
-Breeding habitat
conditions
-Species composition
-Presence of windthrow
-Future stand conditions
-Sustainability of objectives

-Maintain beech, wetland habitat, and
current fields components
-Increase presence of snowintercepting conifers in Stand B.
-Maintain current habitat
components.
-Maintain multi-species composition.
-Minimize impact of windthrow.
-Management actions planned on a
long planning horizon.

-Species composition
-Assessment of value
-Assessment of current &
future recreation value
-Assessment of current &
future wildlife value

-Increase presence of commercial
species (composition, size classes)
-Increasing/maintaining proportion
of desirable recreation conditions,
users, activities
-Increasing/maintaining desirable
wildlife components (species,
features, hunting)

Value
-Financial value
-Noncommercial
value

Qualities

Evaluation and Analysis
The information collected will help determine what forest conditions, species
composition, and values currently exist on the property. Once analysis of current
recreation availability and use, wildlife habitat, and forest health concerns are
assessed then further analysis can identify potential recreation opportunities,
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enhancement of current wildlife habitat, future forest health concerns, and
sustainability of activities and conditions over time. Factors in the assessment
include: soil type, topology, current recreation use characteristics, stand delineation,
stand composition and structure, wildlife habitat characteristics, and areas of
interest.
III. Inventory Plan
The goal of the forest inventory was to provide a baseline assessment of the stand
conditions to aid in the planning of future inventories. The inventory plan consisted
of a systematic sampling scheme with stand delineation determined post inventory.
Figure 1 below shows the systematic sampling plan with each intersection
representing the sample plot location. Recently reverted fields were excluded from
this inventory due to lack of immediency and interest of stakeholders in proceeding
with management activities in these areas. Inventoried resources include forest
overstory, sapling, and regeneration classes. Further explanation of measurement
procedures discussed in Appendix VI. The inventory analyses are displayed in 95%
confidence intervals (see Glossary) and show large ranges in variability due to the
post inventory stand delineation and the nature of the inventory goals. The use of
systematic sampling aimed to capture the woodlot’s inherent variability to provide
future resource managers information that can then help implement plans to reduce
variability and provide a more concrete approximation of results.
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Figure 1: Inventory layout grid 3 chains apart with approximately 30 sample plots.

V. Management Constraints
Stewardship
The management plan and/or prescriptions will protect the natural resources on
the property. The management is intended to foster what already exists. This
includes the resistant beech component, water quality, soil properties, stand
structure, wildlife habitat, and recreation values. The plan will include information
in the appendix regarding apple, blueberry, and blackberry management.
Ethics
The plan and actions will be conducted in a fair and professional manner. There will
be full disclosure between all parties about the options/decisions and potential
outcomes of these decisions regarding all parties. Communications may be made in
the management plan, emails, phone calls, or conversions with the parties with each
party being fully aware of decisions and outcomes.
Objectives
The management plan and actions will address all landowner and stakeholder
objectives and long-term goals for the property. Again full disclosure of reasoning
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and actions is important when discussing long-term goals and this plan will discuss
various options and decisions at each point. Process of attaining long-term goals
will be clearly communicated to the landowner with evaluation at each step.
Modeling can be used here to aid in understanding how present actions affect future
potential outcomes. In this plan the recreation, wildlife, and value-increasing
objectives will be addressed with different analysis techniques.
Information
This management plan will include information that is pertinent to the decisions
and characteristics of the property. Data will be provided with confidence intervals
as well as information from textbooks, guides, publications, research, etc. providing
reasoning for different management options. This plan will include information
regarding plant and animal species present or utilizing the property and
information pertinent to managing resources present. Information will also be
provided regarding the inventory data and how it was gathered and analyzed.
Additional information will be provided concerning topics including forest health,
apple management, berry management, etc.
Silviculture
Silvicultural management actions and plan will be based on current knowledge or
personal experience. The actions considered will be based on reference information
and communications with professionals. The plan and its potential actions will be
feasible silviculturally and economically with information provided.
Forest Health/Vulnerability
The plan and prescription will strive to generate forest conditions resilient to future
disturbances. To reduce the vulnerability of the stand information will address
topics of concern such as potential windthrow vulnerability of each stand, invasion
or spread of tree disease and forest pests, and how management actions can reduce,
increase, or sustain current vulnerabilities.
Operations
In this plan operational feasibility will be considered regarding management
actions. This means ensuring at a future time the stand has the anticipated amount
and quality of wood available for the planned harvest time. The plan will indicate
what will be done at decision points to ensure it is appropriate to harvest or not and
that the operation will be feasible to all parties. Full disclosure will be important in
determining harvest operation suitability. At the time of operation the following
will be addressed: appropriate harvest operation BMPs, accessibility issues
including load limits on local roads, soil and hydrological conditions on the site, if
necessary equipment is available, and if markets are suitable for products.
Economic
The economic decisions at the time of harvest will be outlined and will be addressed
with the landowner at that time. This includes whether the harvest will address the
economic returns in the landowner objectives and whether the operation will pay
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for itself or if it needs to be subsidized. It may be necessary to consult outside
business consultant sources at this time especially if it entails tax or estate planning.
This management plan will address what will be done at the time of harvest
involving these factors.
Legal
The management plan will address legal issues involving resources on the property.
It will discuss applicable easements (including rights of way, conservation,
recreation, etc.), local ordinances, Protection and Improvements of Water Act,
Erosion and Sediment Control Act, Natural Resource Protection Act, Water Quality
BMPs, Liquidation Harvest Rules, Forest Practices Act, and the Endangered Species
Act if endangered species are present. These legal issues will be addressed if
observations indicate a need or if the management plan addresses options where
this laws may apply. The landowners will be educated about the reasons for these
laws and how they will be followed and considered on their property if applicable.
Programs
The plan will also address whether or not the plan or prescription is appropriate to
enroll in program or certification requirements. These may include Tree Growth
options, FSC, SFI, etc. programs.

Benchmarks
Benchmarks will be addressed in the plan and discussed with the landowner. At
these times it may be applicable to re-evaluate long-term goals or gather extra data
concerning whether prescriptions are feasible. At this time it may be applicable to
see if the goals are proceeding as anticipated and what options are concerning this.
IV. Woodlot Summary
Table 2: Total stand and woodlot inventory summary and 95% confidence intervals.

Stand

Area
(acres)

Total Vol.
(cu. ft.)

A
B
C
Total

15
37
7
59

23,486 +/-36%
49,953 +/-33%
6,942 +/-17%
77,381 +/-11%

Avg Vol. per
Acre
(cu. ft.)
1605 +/-36%
1263 +/-33%
996 +/-17%
1,288 +/-30%

Avg BA per
Acre
(sq. ft.)
97 +/-24%
98 +/-23%
102 +/-27%
99 +/-25%

Avg TPA
(# trees)
377 +/-31%
353 +/-25%
456 +/-60%
395 +/-40%

The woodlot contains three stands and encompasses 59 acres of sampled woodland.
The woodlot contains approximately 77,000 cubic feet of total overstory tree
volume with a 95% confidence interval within +/- 11% of the total. The woodlot
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assessment in Table 2 shows the stand breakdown by total volume and average
volume, basal area, and trees per acre. Stand A comprised the largest average
volume per acre with about 1605 cubic feet +/- 36% while Stand B had the largest
total volume due to its large area though per acre wise the volume average was less
than Stand A at about 1260 cubic feet +/- 33%. As seen in Table 2 the stands are
fairly consistent across the woodlot basal area per acre wise suggesting very similar
stem densities though the differences in trees and volumes per acre suggest other
conditions differentiate these stands as discussed below in each stand description.
Landowner objectives and how they correspond to the woodlot as a whole, by stand,
and to the whole property will be discussed in the Assessment of Objectives section.

Stand A

VI. Stand Descriptions

Figure 2: Stand A delineation and location with soil base map.

General
Located on the western side of the property Stand A is bordered on the west by the
western property line, to the east by a set of fields and by a main skid trail, and to
the north by the northern property line as seen in the Figure 2 above. The Stand
contains about 15 acres and comprises about 25% of the sampled woodlot. The
soils in this stand are primarily PWC with only a small portion being ToC. The PWC
soil type stands for Plaisted-Howland-Penquis association, strongly sloping, very
stony. This description attached in the appendix describes this soils series as
typically positioned on tops and upper side slopes of hills and ridges comprised of a
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dense glacial till parent material in slopes that range from 3 to 15%. Is usually well
drained and typically has over 60 inches to bedrock though a perched water table
may occur in March or April. These soils are typically used as woodland while some
are used for pasture or are slowly reverting back to woodland. As a woodland usage
these soils have high potential productivity for eastern white pine though due to
perched water tables equipment use may be delayed from early March until May
and from November until freeze up to minimize surface soil and subsurface
disturbance. These soils are also good potential for wildlife habitat because they
commonly sustain white pine, sugar maple, white birch, balsam fir, beech, white ash,
bigtooth aspen, and quaking aspen that may provide food for many wildlife species
including deer, beer, and ruffed grouse.
Several special features in this stand consist of: a hillside steep, abandoned
excavated spring, abandoned ATV trail, more resistant beech, and the skid trails
throughout the stand and bordering its edges. Access to this stand is easiest by the
main skid trail that forks to the left two-thirds of the way up the property and is also
possible through the fields bordering it.
The stand development and history is deduced from evidence in the field,
silvicultural knowledge, and verbal history of the property from stakeholders. From
evidence in the field this stand has been harvested sometime in the not recent past.
The skid trails in this stand were not fresh they had saplings enveloping the
potential crown space and sometimes regeneration re-establishing themselves in
the trail. There were stonewalls present along the western property boundary line
and crisscrossing in various places sometimes in seemingly unorganized ways. This
indicates that the stand was previously agricultural field, pastureland, or blueberry
field and had been harvested since that time. According to stakeholder verbal
accounts the whole property had been cleared at one point in time as either
pastureland or blueberry fields, it is not clear which areas were used as what but the
accounts are very old and were when my grandfather was young or farther back.
This may mean that the stand had reverted back to woodland 70 or more years ago.
Constraints concerning management in this stand include possible operability
limitations. In the oxy-aquic hillside steep upland trees are thriving in environment
conditions driven by the oxygenated underground waterflow near the surface. If
operations are to be conducted in this area harvests should be timed according to
site conditions and should use appropriate measures and BMPs to reduce impact.
Forest health issues may constrain silvicultural activities. The presence of diseased
and more resistant beech may result in constraints in harvest operations. Removing
the most diseased individuals will need to be carefully conducted as to not disturb
the resistant individuals. Efforts to reduce root disturbance of more resistant
individuals will increase tree health. If the landowner is interested in applying for
Tree Growth this stand qualifies as a hardwood stand with over 70% of the species
composition by basal area and trees per acre consisting of hardwood species.
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Overstory Composition & Structure
The overstory in Stand A consists primarily of hardwood species. As indicated in
Figure 3 below the stand consists of about 84% hardwood and fits the Maine Tree
Growth program’s criteria of having at least 75% of the stocking to be hardwood
species to be classified as a hardwood dominated stand.
Stand A: ME State Stand Type
100%
80%

15.0%

15.9%

85.0%

84.1%

TPA based

BA based

60%
40%
20%

Softwood
Hardwood

0%
Figure 3: Overstory species composition based on stocking and ME Tree Growth stand types.

When looking at species-specific composition in Figure 4 and 5 below the stand has
a large component of American beech in conjunction with sugar maple and white
ash in the overstory. The stand sustains biodiversity in its overstory indicated by
the presence of 15 tree species in the stand’s samples.

Stand A: Overstory Species Composition by
TPA
AB
BF
EH
SM
WA
WS
Other Softwoods
Other Hardwoods
Figure 4: Overstory composition by species and TPA.

Bussell Forest Consulting

Pike Property 2011 1
4
Stand A: Overstory Species Composition by BA
AB
BF
EH
SM
WA
WS
Other Softwoods
Other Hardwoods
Figure 5: Overstory composition by species and BA per acre.

Beyond species composition other key attributes were analyzed from the inventory
data. Figure 6 below shows the distribution of basal area per acre across the
overstory diameter classes. From this analysis it is clear that most of the stand
density is found in the 5 to 9 inch diameter classes.

BA (sq. ft.)

Stand A: BA/Acre
18
16
14
12
10
8
6
4
2
0
4

5

6

7

8

9 10 11 12 13 15 16 17 18 19 21 22 24 25
1-inch Diameter Classes

Figure 6: Basal area per acre by 1-inch diameter class.

Further analysis shows us in Figure 7 below that most of the tree population is
found in the 4 to 9 inch diameter classes. Comparing Figure 6 above with Figure 7
below the relationship between stand density and tree population can be deduced.
Even though only a few individuals exist in diameters above 13 inches that have a
larger weight in stand density than in the overall tree population. It is also
important to note that the stand conditions are driven by the population in the 4 to
10 inch classes because of their dominance in stand density and as a component of
the overall stand population.
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TPA (# trres/acre)

Stand A: Trees per Acre
140
120
100
80
60
40
20
0
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5
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9 10 11 12 13 15 16 17 18 19 21 22 24 25
1-inch Diameter Classes

Figure 7: Trees per acre by 1-inch diameter class.

With the species composition and stand structure assessed it is sometimes helpful
to consider the overall stand development by consulting a stocking guide. Chart 1
below takes the average trees per acre (population measure) and average basal area
per acre (stand density measurement) and compares them on a chart that may be
useful in assessing conditions relative to other stands of similar character. In the
northern hardwoods stocking guide below Stand A is represented by the blue dot.
This chart shows that Stand A is above the crown closure level and is nearing the
line of self-thinning. This indicates that the stand is supporting more stems than
ideal and that as development continues and resources become stressed the most
well-adapted individuals will remain and self-thinning (natural stem mortality) will
occur.
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(Leak et. al. 1987)

Chart 1: Northern hardwood stocking guide with Stand A indicated.

Understory Composition & Structure
Sapling
In Stand A the sapling forest component reflected a less diverse composition than
the overstory composition. As seen in Figure 8 below the sapling class is hardwood
dominant like the overstory but with a different species specific composition. In
analyzing Figure 9 below it shows that American beech continues to be the
dominant species but the sapling class is also sustaining a larger component of
balsam fir and striped maple than the sugar maple in the overstory composition.
Recognizing which species are best competing in the sapling class and monitoring
their relative abundance lends a glimpse into what the future species composition of
the overstory may lead to and which species may or may not want to be promoted
in the sapling class with management efforts.
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Stand A: Sapling Species
Composition

18%
Softwood
82%

Hardwood

Figure 8: Sapling class stand composition by percentage of individuals.

Stand A: Sapling Species Composition

AB
BF
SM
ST
Other Hardwoods
Other Softwoods

Figure 9: Sapling class species composition by percentage of individuals.

Further analysis of the sapling class depicted in Figure 10 below indicates that more
individuals lie in the 2-inch sapling class and that the species with the highest
composition in the sapling composition comprise the 2-inch diameter class.
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Stand A: Sapling Diameter
YB
WA
ST
SM
RM

3 inch diameter class

NWC

2 inch diameter class

HH
GB
BF
AB
0

20

40

60

Figure 10: Sapling class by species and number of individuals by diameter class.

Regeneration
Regeneration is an important long-term indicator of future species composition. By
understanding what is present before management decisions to implement or
address issues in recruiting regeneration to saplings and saplings to trees can be
identified and addressed. In Stand A Figure 11 below that hardwood continues to
be the dominant species type occurring in the regeneration as well. Further analysis
into the species-specific composition in Figure 12 shows that sugar maple is the
dominant species in the regeneration stage followed by American beech and red
maple. Other factors to be addressed are the prevalence of beaked hazel and an
unknown shrub in the regeneration stage. Perhaps these species are serving as an
important function of the regeneration site conditions or not but may need further
consideration.
Stand A: Regen. Species
Composition
9%
Softwood
91%

Hardwood

Figure 11: Regeneration class stand composition by percentage of individuals.
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Stand A: Regen. Species Composition
AB
BF
GA
NCBH
RM
SM
UNK SHRUB
Figure 12: Regeneration class species composition by percentage of individuals.

Other Values/Possibilities/Concerns
Factors to consider in management options include: oxy-aquic wetland
characteristics, wildlife habitat value, recreation value (current and potential),
forest health vulnerability, and disturbance vulnerability. When considering the
oxy-aquic wetland it is important to consider the wetland ecosystem functions and
how management and activities accommodate those functions or obstructs those.
The importance to management is understanding how to manage activities while
still having amply functioning of the system whether this means adjusting
operations to a specific time of year or only permitting low impact recreation
activities to this area. The wildlife habitat of Stand A with it’s American beech
component, water feature, and legacy trees allows this area to serve both as a food
source and shelter for some wildlife species. Further information regarding specific
wildlife species can be found in the Appendix V. The recreationally the stand
currently serves as a hunting resource, wildlife sighting, walking, and photography
area. The expanded potential of recreation in this area must be considered in
combination with other stakeholder objectives. Regarding forest health beech bark
disease poses the greatest threat to the overall stand health. Further information
regarding beech bark disease can be found in the Appendix IV and with specific
management techniques can still serve as a viable healthy component and food
source in this stand. With a biodiverse overstory forest health vulnerability is
reduced as the forest ecosystem is in an adaptive state with monoculture conditions
that foster health issues irrelevant. The likelihood of disturbance vulnerability must
be considered when silvicultural management is being established. Depth of soil,
depth of rooting, and silvicultural activity must be considered when assessing
vulnerability to windthrow as the stand matures and post harvest.
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Prescriptions
Option 1: Do nothing.
This option may be viable if the stand is satisfying stakeholder objectives and will
continue to for the immediate future development. Currently the stand is achieving
the primary stakeholder objectives of recreation opportunities, wildlife habitat, and
a component of potentially valuable sugar maple, yellow birch, and white ash should
future management decide to foster these species.
Option 2: Small-scale Firewood Cutting
Focusing small annual harvests on thinning from below in relatively concentrated
areas. The goal of the harvests are to improve stand value by removing diseased
beech individuals and promoting sugar maple, white ash, spruce, and hemlock. This
can be achieved by avoiding damage to desired regeneration while maintaining a
diffuse shady understory. Avoiding the root zone of resistant beech will help
maintain stand health and concentrating harvests to a specified area each time will
make the operations more efficient and will promote regeneration conditions for
desired species. According to Leak et. al. 1987 Stand A falls under the beech-birchmaple subtype for northern hardwood stands and can produce large high-quality
hardwoods. Individual tree-selection can favor sugar maple and beech while open
shelterwood conditions can favor yellow birch as long as a residual crown cover of
30-50% is maintained at the minimum and a minimum of 70 sq. ft. of residual basal
area is maintained (Leak et. al. 1987). If sugar maple, beech, and yellow birch are
desirable and are favored for their potential financial value, recreation potential,
and wildlife attributes when conducting harvests it will be important to maintain
the stand within the quality line on the stocking guide and use individual tree or
group selection (depending on desired species promotion) while maintaining
specified amounts of cover. Harvests of up to 3 cords per year for a period of three
years with a re-evaluation at the fourth year may be suitable to manipulate
regeneration and stand improvement while maintaining the stand stems at desired
stocking quality levels (min. 70 sq. ft. basal area) and still maintaining stakeholder
objectives. At the fourth year re-evaluation can determine success and/or changes
to objectives or management actions.
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Stand B

Figure 13: Stand B delineation and location with soil base map.

General
Located on the eastern side of the property Stand B is bordered to the east by the
eastern property boundary and Wellington town line to north by the northern
property boundary and to the west by a main skid trail and stonewalls indicating
the edge of now reverted agricultural fields as seen in the Figure 13 above.
The stand contains about 37 acres and comprises about 60% of the sampled
woodlot area. The soils in this stand consist of primarily PWC and to a lesser extent
PtC. The PWC soil series was summarized above in Stand A and describes most of
the stand area. The smaller area in the PtC soil series is located on the upper slope
of the hill and is described as a Plaisted silt loam soil with an 8 to 15% slope. This
soil is typically found on side slopes of hills or ridges and comprised of a dense
glacial till with a nonstony surface. The major uses of this soil are for pasture or hay
with some areas cultivating corn or strawberries and with few others reverting back
to woodland or planting Christmas trees. This soil has severe slope limitations with
its primary use as pasture or hay it makes it difficult to operate equipment safely
and has an increased potential for erodability that can reduce topsoil and potential
yields. Practices should be used especially when plowing or reseeding to reduce the
soil loss and at a minimum cross-slope farming is recommended. This soil also has
high potential productivity for eastern white pine, red spruce, and red pine. Though
it is a well-drained soil it has operability limitations in the spring thaw from March
to early April.
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Special features of this stand include: multiple hillside steeps and skid trails
throughout.
Access to this stand is easiest from the main skid trail that forks to the right as seen
in the Figure 13 above. Access on foot is slightly more difficult due to the slope, the
reverting skid trails, and pockets of dense fir thickets.
Stand development and history can be deduced by the current site conditions as
well as from passed down verbal land history. From observation of the raspberry
and goldenrod covered log landing, the recently grassed over and shrubbed in skid
trails, more recent stump cuts, and stakeholder verification has verified that this
stand was most recently harvested by my grandfather and his brother. Primarily
harvesting for pulpwood and firewood this stand has seen the most recent activity,
which can be witnessed in the stand condition by the prevalence of fir thickets and
understory growth compared to the overstory stocking.
Constraints on management for Stand B include accessibility constraints and forest
health constraints. In this accessibility to the both recreationally and operational
may be constrained by topographic and soil limitations. With adequate planning
arrangements can be made to reduce erosion potential of skid trails and to access
areas of interest for recreation potential if so desired. Forest health constraints may
include managing a biodiverse overstory and reducing components of species with
potential pest or disease vulnerability and encouraging higher value species both for
their economic value and for their recreation or wildlife value.
Overstory Composition & Structure
The overstory species composition of Stand B is composed of a nearly equal
component of hardwood and softwood species. As seen in Figure 14 below due to
the fact that neither hardwood nor softwood species comprise of over 75% of the
overall stand stocking for either basal area per acre (stand density measure) or
trees per acre (tree population measure) the stand qualifies as a mixedwood stand
type in the Maine Tree Growth program.
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Stand B: ME State Stand Type
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0%
Figure 14: Overstory species composition based on stocking and ME Tree Growth stand types.

When species-specific composition is analyzed as seen below in Figures 15 and 16.
The dominant species can depict more of the stand conditions on site. From below
it is seen that balsam fir and red maple are the dominant species outcompeting
others in the stand. According to the numbers of total species found on the site the
biodiversity of the overstory is higher than that of Stand A. With 18 total tree
species established in this stand most represent only a fraction of the overall stand
species composition. This dynamic may be meaningful when establish management
activities to promote stakeholder objectives.
Stand B: Overstory Species Composition by
TPA
BF
NWC
RM
RS
SM
WS
YB
Other Softwoods
Other Hardwoods
Figure 15: Overstory composition by species and trees per acre.
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Stand B: Overstory Species Composition by
BA
BF
NWC
RM
RS
SM
WS
YB
Other Softwoods
Other Hardwoods
Figure 16: Overstory composition by species and BA per acre.

When considering the stand structure it is important to consider the diameter
classes that contain the majority of the stand density as seen in Figure 15 as well as
the majority of the tree population as seen in Figure 16. In Figure 17 it is clear that
the majority of the stand density or basal area per acre is centered in the 5 to 10
inch diameter classes.
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Figure 17: Basal area per acre by 1-inch diameter class.

In Figure 18 below it is also apparent that the majority of the tree population is
found in the 4 to 10 inch classes. In comparison with the Figure 17 above it is clear
that most of the density and population of the stand is driven by the lower overstory
tree composition. This may be important in considering management activities. It is
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also important to note the presence of the larger diameter classes in the stand even
though they do not represent a large component of the stand density or population
they still are important to note when considering recreation and wildlife values.
Stand B: Trees per Acre
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Figure 18: Trees per acre by 1-inch diameter class.

When determining silvicultural actions it may be useful to consult a stocking guide.
The stocking guide in Chart 2 below helps compare the current stand conditions and
development to other stands of comparable condition. The mixedwood stocking
guide below shows where Stand B falls on the chart by its average trees per acre and
average basal area per acre calculation. From analyzing this stand’s placement it
helps to determine that the stand is slightly below the crown closure or suggested
residual stocking line. This indicates that the stand is currently in a state of an
acceptable residual stand stocking post harvest. The upper line on the chart
indicates a rough prediction of the mean stand diameter indicating that Stand B has
a mean stand diameter of 8 inches.
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(Leak et. al. 1987)

Chart 2: Mixedwood stocking guide with Stand B indicated.

Understory Composition & Structure

Sapling
The species composition of the sapling class or trees in the 2 and 3-inch diameter
classes help indicate species and compositions that may exist in the future stand
overstory. As seen below in Figure 19 Stand B’s sapling composition mirrors the
overstory composition, consisting of mixedwood species composition with softwood
species comprising a little over half of the individuals. With further species-specific
composition in Figure 20 it can be seen that balsam fir composes over have of the
sapling class while red maple, gray birch, and American beech comprise other
significant portions. This is similar to the overstory composition in that balsam fir
and red maple is dominate the other species in the sapling class but also shows that
slightly significant spruce component of the overstory is not present in the sapling
class. The sapling class contains 12 different species while the overstory holds 18
different species, showing that diversity is still present in the lower diameter
classes.
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Stand B: Sapling Species
Composition

Softwood

43%
57%

Hardwood

Figure 19: Sapling class stand composition by percentage of individuals.

Stand B: Sapling Species Composition

AB
BF
GB
RM
YB
Other Hardwoods
Other Softwoods

Figure 20: Sapling class species composition by percentage of individuals.

Further analysis shown in the Figure 21 below, depicts that the dominant balsam fir
component of the sapling class consists primarily of individuals in the 2 inch
diameter class. It also shows that there is a significant difference between the
number of individuals in the 2-inch class compared to the 3-inch class this may
suggest that some of the individuals are not being successfully recruited into the
next class level and may require monitoring in the future.
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Stand B: Saplings by Diameter
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Figure 21: Sapling class by species and number of individuals by diameter class.

Regeneration
Regeneration consists of individuals greater than 6 inches in height and less than 2
inches in diameter. In Stand B regeneration sampling gave an approach to provide
information on species regeneration success in the forest floor conditions based on
the species composition. As seen below in Figure 22 the mixedwood type is still
found in the regeneration class with softwood still the dominant species type. With
further analysis into the species-specific composition in Figure 23 it is clear that
balsam fir has the competitive advantage with red maple following and yellow birch.
These results can aid in determining management actions that may alter the species
composition to suit management objectives.
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Stand B: Regen. Species
Composition

Softwood

42%
58%

Hardwood

Figure 22: Regeneration class stand composition by percentage of individuals.

Stand B: Regen. Species Composition

BF
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RM
YB
Other Hardwoods
Other Softwoods

Figure 23: Regeneration class species composition by percentage of individuals.

Other Values/Possibilities/Concerns
Stand B has several small potentially wetland habitat located along the eastern
property boundary. These may be valuable as wildlife habitat and drinking sources
and controlling water quality of the brook trout habitat in the brook that begins
from these hillside steeps. These areas may be of management interest in the
wildlife habitat objectives and may need to be considered in operability near them
in future harvest operations. Other factors concerning operability in the future
include the slope of the stand and the primary access from the main skid trails
located at the third field and along the right fork of the main trail. Concerning
wildlife habitat this stand has water sources and softwood canopy that provides
cover with snow intercepting conifers and browse for deer, moose, and other
wildlife species. The abundance of balsam fir in the sapling and regeneration classes
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create thickets that provide predator protection. Considering recreation this stand
has limited potential for increased recreation potential due to the land slope and
dense fir thickets, this may or may not be desirable in conjunction with the wildlife
habitat that may benefit from limited human access. Disturbance vulnerability and
forest health may need to be considered with such a large component of balsam fir
and the potential for an upcoming spruce budworm outbreak.
Harvest
considerations regarding windthrow potential of canopy trees may need to be
considered in management actions on a sloping landscape with limited crown
interaction and larger portion of spruce than the other stands.
Prescriptions
Option 1: Do nothing.
This option may be viable if the stand is satisfying stakeholder objectives and will
continue to for the immediate future development. With stocking relatively low this
may be a feasible option. The stand currently satisfies the stakeholder objectives of
wildlife habitat and minimal recreation opportunities.
Option 2: Small-scale Firewood Cutting/Pulpwood Production
In a several years when stand development is reassessed possibilities for smallscale firewood or pulpwood harvest may be feasible. Opportunities to create gap
harvests to replicate natural disturbance regimes can be emplaced also promoting
small thickets, which may be desirable for wildlife species cover. These small-scale
harvests can be a desirable tool to slowly alter species composition to favor higher
value species and decrease components of undesirable tree species. According to
Leak et. al. 1987 stand B falls under the category of mixedwood and is also outlined
in their silvicultural guide. The recommended minimum residual stocking for
mixedwood stands is 100 sq. ft. basal area or falling between 80-120 sq. ft. (Leak et.
al. 1987). Currently stand B has an average of 98 sq. ft. of basal area per acre and it
is not recommended to implement any silvicultural actions to the overstory until
this overstory density can sustain even small-scale removals. Once the stand is
reassessed and has grown to a level between the A and B lines on the stocking guide
and has ample basal area (about 140 sq. ft.) where overstory harvest is feasible it
may be useful to consider three years of harvesting up to 5 cords of
firewood/pulpwood products per year off the stand focusing on concentrated stand
regions each year. The goal of these harvests is to promote understory conditions
conducive to desired species regeneration (spruce, white pine, sugar maple, yellow
birch) leaving nurse logs, thinning or removing dominant undesirable species in
sapling classes, promoting high diffuse shade conditions (Smith et. al. 1997) while
also maintaining these components in the overstory. These actions are designed to
increase wildlife habitat potential promoting shelter components as well as
diversified food sources, reducing forest health concerns by decreasing the balsam
fir presence, and promoting species of increased potential value.
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Stand C

Figure 24: Stand C delineation and location with soils base map.

General
Located centrally on the northern property boundary Stand C is bounded between
two main skid trails that fork part way up the property and to the north by the
property boundary as seen in the Figure 24 above. The stand contains about 7 acres
and consists of about 12% of the sampled woodlot. The soils in this stand consist
completely of PWC or Plaisted-Howland-Penquis association, strongly sloping, very
stony. This soil series was described further in the Stand A description.
Special features of this stand include: an abandoned dilapidated camp and skid trails
throughout the forest matrix.
Access to this stand is very easy from either main skid trail fork and is easier to walk
through than Stand A and B due to the decrease in fir thickets and a less significant
slope.
Stand development and history can be deduced from indicators of land use history
on the ground and through the verbal history of the property from stakeholders.
Stand C has stonewalls and barbed wire present on the property line. Combining
indicators and verbal history this stand was once apart of a larger area of the
property that was used as pasture and blueberry fields. This stand still has wild
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blueberries scattered about in the understory so this particular stand may have very
well been a blueberry field at one time. According to the skid trail re-growing in
condition and lack of freshly cut stumps it is apparent that this was not the stand
most recently harvested but may have been harvested more recently than Stand A
had been and not as recently as Stand B was. With firewood production and
pulpwood harvest the primary objective of my grandfather and his brother’s harvest
regime of the stand and the whole woodlot.
Constraints on management may include slope considerations and vulnerability to
disturbance, particularly wind disturbance. The stand is located on some of the
upper elevations of the hill especially the northwest corner of the stand. Rooting
depth and wind activity may need to be considered when planning management
activities. Objective constraints may be limiting when considering how the
recreation and wildlife habitat objectives are be emplaced on the property as a
whole.
Overstory Composition & Structure
The overstory composition of Stand C consists primarily of softwood as seen in
Figure 25 below. According to the Maine Tree Growth program this stand is
classified as a mixedwood stand type because in both measure of species stocking
(trees per acre and basal per acre) the softwood component does not consist of 75%
of the total stand stocking.
Stand C: ME State Stand Type
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Figure 25: Overstory species composition based on stocking and ME Tree Growth stand types.

When further analysis is conducted in Figure 26 below it can be seen that the
species-specific composition holds a less diverse variety of species with each species
having a greater portion of the overall species composition. In Figure 26 the species
composition by trees per acre or a population measure shows that balsam fir
comprises a large amount of the overstory composition. It is followed by red spruce
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(containing the second largest component) followed by gray birch, American beech,
and red maple.
Stand C: Overstory Species Composition by TPA
AB
BF
GB
NWC
RM
RS
Other Softwoods
Other Hardwoods
Figure 26: Overstory composition by species and TPA.

Consulting Figure 27 the results by the stand density measure of basal area per acre
yields the same conclusions. The species composition is still dominated by the same
species in the same order as Figure 26 above but the slight differences in “pie
portion” show that Northern white cedar comprises a greater percentage of the
stand density than the tree population while red spruce comprises less of a portion
of stand density. This concludes that cedar may comprise of a smaller portion of
the overstory population but may consist of larger individuals while red spruce may
consist of a larger portion of the stand population and have smaller basal areas and
diameters that account for less of the stand density.
Stand C: Overstory Species Composition by BA
AB
BF
GB
NWC
RM
RS
Other Softwoods
Other Hardwoods
Figure 27: Overstory composition by species and BA per acre.
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The stand structure can be analyzed by considering the basal area or stand density
across the diameter class it will show how the density is distributed across the
canopy. In Figure 28 below the basal area is primarily in the 4-9 inch diameter
classes. With smaller basal areas located in the upper diameter classes but still a
significant feature in the stand.
Stand C: BA/Acre
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Figure 28: Basal area per acre by 1-inch diameter class.

Comparing the diameter distribution of the stand density with the tree population in
Figure 29 it is apparent that the majority of the tree population is found in the same
diameter classes from 4 to 9 inches. With such even distribution of basal area
across the 4 to 9 inch classes above there is a curve apparent in the population
diagram suggesting that the smaller diameter classes have a larger influence over
the stand condition than the basal area diagram may suggest solely.
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Stand C: Trees per Acre
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Figure 29: Trees per acre by 1-inch diameter class.

When considering stand development a stocking guide helps aid in comparison
between stands with similar conditions in various stages of development. In Chart 3
below the mixedwood stocking guide has shows that the blue point of Stand C is on
the B-line stocking wise. This is well below the crown closure self-thinning line of
the A-line and typically is where harvests try to have their residual stand fall postharvest. Considering the stand development may be important when considering
management activities.

(Leak et. al. 1987)

Chart 3: Mixedwood stocking guide with Stand C indicated.
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Understory Composition & Structure
Sapling
The sapling class closely mirrors the overstory composition in stand type. As seen
in Figure 30 below the majority of the sapling class consists of softwood species like
the overstory composition. Further analysis into the species-specific sapling
composition in Figure 31 shows that balsam fir is the dominant component of this
classification. Following behind it is American beech, gray birch, and red spruce.
Understanding which species are competing in this class level may be important
when considering future management options.
Stand C: Sapling Species
Composition

Softwood

36%
64%

Hardwood

Figure 30: Sapling class stand composition by percentage of individuals.

Stand C: Sapling Species Composition
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Figure 31: Sapling class species composition by percentage of individuals.

It may also be important to understand which species are most prevalent in which
diameter classes within the sapling class. In Figure 32 below there are more
individuals in the 2-inch diameter class than the 3-inch class with a smaller portion
of balsam fir in the 3-inch class. With future monitoring it may important to
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understand if this is a recruitment issue or just a population spike in the 2-inch
class.
Stand C: Saplings by Diameter
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Figure 32: Sapling class by species and number of individuals by diameter class.

Regeneration
Regeneration is a key component to understanding if desirable overstory species
have adequate forest floor conditions to support their regeneration. Figure 33
shows that a large majority of the regeneration class of Stand C consists of softwood
species. Further analysis into the species-specific composition in Figure 34
indicates that in Stand C only three species were found in the regeneration class, one
of which consisting of a shrub species beaked hazel. With such knowledge it may be
critical to assess why only balsam fir and a small component of red maple are
regenerating in this stand. Are the forest floor conditions unsatisfactory for spruce
to out-compete balsam fir in this stand? What can be done to increase regeneration
or suppress undesired regeneration of species in this stand? Questions like this may
need to be identified before considering management actions
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Stand C: Regen. Species
Composition

27%
Softwood
Hardwood
73%

Figure 33: Regeneration class stand composition by percentage of individuals.

Stand C: Regen. Species
Composition

BF
NCBH
RM

Figure 34: Regeneration class species composition by percentage of individuals.

Other Values/Possibilities/Concerns
Other values of Stand C are its potential as an easily accessible recreation area. Due
to Stand C’s location between Stands A and B, Stand C is likely a travel corridor
between the other stands and is delineated by the main skid trails. Because low
levels of recreation are already in existence on the skid trails it is a good area for
light recreation uses that shouldn’t dramatically change current wildlife usage of the
stand. No water features exist in this stand but due to its position on the landscape
it may be important to consider the vulnerability of windthrow to the overstory in
this location. It is in close proximity to the highest elevation of the hill and may
receive stronger winds in this location. Thus assessing rooting depth may be key in
management considerations here. The large component of balsam fir in the
overstory, sapling, and regeneration classes may be of a concern with the potential
of a spruce budworm outbreak predicted in the near future. It may be feasible to
consider reducing the fir component of this stand.
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Prescription
Option 1: Do nothing.
This option may be feasible if the stand meets the stakeholder objectives in the
current condition and in the near future. It may also be feasible if silvicultural
activities are expected to be costly and harvested volumes and profits low or nonexistent. Currently the stand satisfies the stakeholder objectives of providing
recreation opportunities and wildlife habitat.
Option 2: Small Scale Stand Improvement
This option may be feasible in five years when stand conditions are reassessed. If it
is determined at that point that the stand is not meeting the stand objectives it
might be useful to consider this management option. In order to promote higher
value species while still maintaining the stand condition promoting wildlife habitat
and recreation value individual stem selection or small gap harvests should be
considered. These harvests mimic natural wind disturbances and promote
regeneration and a multi-aged multi-strata stand producing cover and can produce
the “green wall” effect valued in recreation. While conducting these harvests if
balsam fir is still a significant component in the overstory, sapling, and regeneration
classes small-scale stand improvement can be implemented to thin out fir in all
classes. When removing a selected portion of the overstory balsam fir individual
tree selection may be useful to promote more shade-tolerant species (spruce and
sugar maple) or promote good form of somewhat shade tolerant species (white
pine), while group selection may be useful in maintaining a thicket component for
wildlife objectives it may also be undesired as balsam fir may outcompete desired
species in these situations (Leak et. al. 1987). Leaving a small portion of logs on the
forest floor to serve as nurse logs will help encourage regeneration of desirable
species (spruce, white pine, etc.) because they can create microsite conditions that
may help these individuals outcompete the balsam fir (Smith et. al. 1997). The
importance here is to only remove overstory components when the residual
overstory can be maintained at or above 100 sq. ft. basal area post harvest (Leak et.
al. 1987) until then understory silvicultural activities can be implemented as
described above. The amount in removals is less important in this stand than the
conditions they create after removal.

Bussell Forest Consulting

Pike Property 2011 4
0
VII. Assessment of Objectives
The objectives for the woodlot can be implemented in varying degrees across the
three stands delineated and the property as a whole. The recreation objective is
assessed in combination with the wildlife habitat objective. Due to the location of
the concentrated recreation use and the impact recreation poses on the disruption
of animal habitat causing changes in behavior patterns it is necessary to explore
these objectives together.
Table 3: Current and potential recreation opportunities and concerns

Activities

Current
Opportunities

Blueberry
Blackberry

1 , 2 , 3 Field
(limited)
st
1 Field

Walking

All locations

Camping

2 Field

Hunting

All locations

-

Easy-Difficult

Snowshoeing

-

ATV Use

Primarily Fields &
Trails
Fields & Trails

Wildlife Sighting

All locations

Bird Watching
Gardening
Photography
Christmas Trees/
Wreaths

All locations
Fields
All locations
Stand B & C

Maple Syrup
Production

st

nd

Potential
Opportunities

rd

st

nd

rd

1 , 2 , 3 fields;
Stand C
-

-

nd

Reverted areas 2
field

-

Potential
restriction from
hillside steeps
-

-

Stand A

Accessibility

Concerns

Easy

Travel routes

Easy

Easy-Difficult

Spreading into
field, trees
invading
Reducing animal
behavior
disturbance
Travel route
erosion & site
impact
Travel routes &
pressure
-

Easy

Travel routes

Easy-Difficult

Reducing animal
behavior
disturbance
Travel routes,
minimizing
impact
Travel routes,
minimizing
impact

Easy-Difficult

nd

Easy

Easy-Difficult
Easy
Easy-Difficult
Med-Difficult

Med-Difficult

Stand A already consists of a valuable wildlife resource. The prevalence of American
beech provides both a sustainable mast production for wildlife and cavity trees for
wildlife. The oxy-aquic wetland on the western edge also provides a water source
and ecological functions such as carbon sequestration, water quality filtration,
wildlife habitat, etc. The resistant or more resistant beech is a key factor to protect
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for the future forest condition. In this stand, management will continue to provide
valuable wildlife habitat and protect the wetland function on this side of the
woodlot. Recreation along the abandoned ATV trail should be considered in this
stand prescription. Because recreation is currently limited in this stand it might be
applicable to consider continuing this precedent.
Access for recreation
opportunities is limited to access from field edges or the left fork of the main trail
and currently restricts some recreation ventures from most users do to changes in
topography and beech and balsam fir thickets. As seen in Table 3 above potential
interest for expansion of recreation is limited and may be dependent on future stand
conditions as maple syrup production may be feasible in the future as the sugar
maple component grows to appropriate tapping size further referenced in the
Appendix. In assessing recreation and wildlife in conjunction Table 4 below shows
the wildlife use of the current woodlot. Using Focus Species Forestry this
assessment analyzes habitat type and wildlife use and shows that the woodlot as a
whole is currently satisfying many habitat needs of desired wildlife species
including Stand A.
Table 4: Current wildlife habitat use and acreage

Species
Barred Owl
Ruffed Grouse
White-tailed Deere
Snowshoe Hare

Use Rating
F
O
F
O
F
O
F
OMX
OU

Acres
14.6
58.7
58.7
58.7
58.7
58.7
51.8
58.7
58.7

Stand B consists of the softwood-dominated stand on the eastern side of the
property. Accessibility to this stand is limited so current recreation opportunities
consist of those that are willing to follow a maze of skid trails and/or venture
through fir thickets. This area has a multitude of hillside steeps that merge to form a
small brook just off the eastern property boundary. This provides an excellent
water source for wildlife on the eastern side. The variety of fir thickets and
overstory species variation provide varying degrees of cover for a multitude of
wildlife species and forge for those that rely on both evergreen and deciduous
vegetation. The lack of human accessibility reduces the human disturbance factor
making it any ideal place to continue to manage wildlife habitat. The lack of
recreation opportunities due to accessibility may be preferred reducing the human
disturbance component that alters animal behavior. Referring to Table 3 other than
current recreation use stand B does not seem to fit the criteria of expansion of other
potential recreation opportunities. As also noted in stand A, stand B also satisfies
many desired wildlife species habitat needs due to the large proportion of the
current woodlot that satisfy these criteria (referencing Table 4 above).
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Stand C consists of the mixedwood stand in between the two main trails at the
northern end of the property. Accessibility to this area is very easy and though
current recreation patterns seem not to occur in this site of all the stands this would
be best at fitting the criteria. Because of its location between two key wildlife areas
this may be considered as a transition zone. The recreation management in the
woodlot may suit to be focused or encouraged in this area where activities already
occur along both sides of the stand on the main trails bi-secting the woodlot. As
seen in Table 3 above potential expansions for stand C include potential blueberry
picking, as wild blueberries are found in clumps in some areas of this stand. Besides
the current recreation opportunities the stand also satisfies many wildlife needs as a
travel corridor between stands A and B as well as key wildlife habitat uses of the
desired species as represented in Table 4 above.



IX. Timeline of Future Assessment
2016
o Qualitative reassessment of property use, stand development, and
if objectives are being met
o Re-sampling fixed area and regeneration plots in Stand C looking
for changes in species composition (if entry is considered specific
management techniques can be discussed)
o Overstory variable radius or fixed area plots can be re-sampled if
harvests may be eminent in each stand (can be decided then)
o Changes in objectives can be emplaced and property future
management can be discussed
o Noting if stand developed as anticipated earlier.
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Inventory Data Sheets
10 BAF Overstory Data Sheet
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IV.

Silvics of Major Tree Species

Balsam Fir

Abies balsamea (L.) Mill.

Pinaceae -- Pine family
Robert M. Frank
Balsam fir (Abies balsamea) is one of the more important conifers in the northern United States and
in Canada. Within its range it may also be referred to as balsam, Canadian balsam, eastern fir, and
bracted balsam fir. It is a small to medium-sized tree used primarily for pulp and light frame
construction, and it is one of the most popular Christmas trees. Wildlife rely extensively on this tree
for food and shelter.
Soils and Topography
Balsam fir grows on a wide range of inorganic and organic soils originating from glaciation and
generally falling within the acid Spodosol, Inceptisol, and Histosol soil orders. These are
characterized by a thick mor humus and a well-defined A2 horizon, usually gray in appearance
because of leaching, and commonly caused by abundant rainfall, cool climate, and coniferous cover.
Many of the glacial till soils in New England are shallow and have a compact layer about 46 cm (18
in) below the surface (11).
Soil moisture was the most important predictor of site index in a study in Newfoundland. Soil
nutrient status and topography, in that order, were of lesser importance. Glacial tills, often shallow,
cover much of the area (27).
Balsam fir has been reported as growing on soils of a wide range of acidity. In the northern Lake
States it is most common on cool, wet-mesic sites with pH values between 5.1 to 6.0 (19). Optimum
growth occurs on soils where the pH of the upper organic layers is between 6.5 and 7.0 (1). On
gravelly sands and in peat swamps, growth is comparatively slow (41).
Associated Forest Cover
Tree species associated with balsam fir in the boreal region of Canada are black spruce (Picea
mariana), white spruce (Picea glauca), paper birch (Betula papyrifera), and quaking aspen (Populus
tremuloides). In the more southerly northern forest region, additional associates include bigtooth
aspen (Populus grandidentata), yellow birch (Betula alleghaniensis), American beech (Fagus
grandifolia), red maple (Acer rubrum), sugar maple (Acer saccharum), eastern hemlock (Tsuga
canadensis), eastern white pine (Pinus strobus), tamarack (Larix laricina), black ash (Fraxinus nigra),
and northern white-cedar (Thuja occidentalis). Red spruce (Picea rubens) is an important associate
in New Brunswick and Maine. Occasional associates are balsam poplar (Populus balsamifera), gray
birch (Betula populifolia), red pine (Pinus resinosa), jack pine (Pinus banksiana), and American elm
(Ulmus americana) (10).
Pure stands of balsam fir or stands in which balsam fir is the major component of growing stock
make up the forest cover type Balsam Fir (Society of American Foresters Type 5) (10). Balsam fir is
also a major component in two other eastern forest cover types: Red Spruce-Balsam Fir (Type 33)
and Paper Birch-Red Spruce-Balsam Fir (Type 35). It is an associated species in 22 eastern forest
cover types and in 4 western forest cover types.
Common shrubs associated with balsam fir include beaked hazel (Corylus cornuta), mountain maple
(Acer spicatum), Labrador-tea (Ledum groenlandicum), Canada yew (Taxus canadensis), red
raspberry (Rubus idaeus var. strigosus), sheep-laurel (Kalmia angustifolia), and hobblebush
(Viburnum lantanoides) (10,41).
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Among the herbaceous plants commonly found under balsam fir are twinflower (Linnaea borealis),
bunchberry (Cornus canadensis), starflower (Trientalis borealis), creeping snowberry (Gaultheria
hispidula), sedges (Carex spp.), common woodsorrel (Oxalis montana), bluebead lily or cornlily
(Clintonia borealis), painted trillium (Trillium undulatum), cinnamon fern (Osmunda cinnamomea),
sweetscented bedstraw (Galium triflorum), Canada mayflower (Maianthemum canadense), and
spinulose woodfern (Dryopteris spinulosa).
Certain associations of shrubs, herbs, and mosses indicate forest site quality (41). The four main
indicator associations, designated as Hylocomium/ Hypnum, Cornus/Maianthemum, Oxalis/Cornus,
and Viburnum/Oxalis indicate, in the order listed, increasing productivity of site and increasing
proportions of shrubs and hardwood trees in natural stands. Only the Hylocomium/Hypnum sites
are likely to be occupied by pure balsam fir.
Rooting Habit
Balsam fir root systems are mostly confined to the duff layer and to the upper few centimeters of
mineral soil (11). Windfall potential is high. Damage from wind is especially likely when the shallow
root systems are loosened by heavy rainfall and gusty winds and where timber removals from stands
not previously thinned have been poorly conducted. These usually older, dense stands are
susceptible probably because root development has been poor.
Root penetration on deep or shallow soils extends to 60 to 75 cm (24 to 30 in) and has been reported
to a depth of 137 cm (54 in) in sandy soils in northern Ontario. Lateral roots of balsam fir are usually
strongly developed and extend horizontally in all directions to 1.5 m (5 ft) or more (1).
Root breakage and other root damage caused by swaying trees may not be as severe as is commonly
thought. Most investigators agree, however, that some root breakage probably occurs because of
frostheaving and swaying. During epidemics of spruce budworm (Choristoneura fumiferana), rootlet
mortality can reach 75 percent after 3 consecutive years of defoliation (1).
Balsam fir root grafts are probably common and have been reported frequently. Abrasion of the bark
of roots of swaying trees on lowland soils and interroot compatibility and growth pressure on upland
soils apparently account for the majority of root grafts. Infection may spread through grafted roots to
damage other balsam fir trees (1).
Reaction to Competition
Balsam fir has a strong ability to become established and grow under the shade of larger trees (7,11).
It is classified as very tolerant. Because relative tolerance of species may vary with soil fertility,
climate, and age, balsam fir is rated as both more and less shade tolerant than red spruce, and more
tolerant than either black or white spruce (41). Intraspecific competition is evident in many sapling
and small pole-size stands of pure balsam fir. As these stands mature, dominance usually is
expressed. Competition is severe in dense fir thickets, however, and growth rates of individual trees
suffer greatly. Other major competition is from the shade-tolerant hardwoods.
In New England, balsam fir is considered a subclimax type, except that it may be a climax species in
the zone below timberline. It tends to become climax in Quebec and in the Lake States (41).
Damaging Agents
Many agents act to hinder the growth of balsam fir. Insects and diseases may be devastating.
Flammable needles, often close to the ground, shallow root systems, and thin resinous bark make
balsam fir susceptible to severe damage and mortality from fire. Susceptibility to wind damage is
especially high in old unmanaged stands growing on wet shallow soils. Various species of mice, voles,
and birds consume balsam fir seed; birds and squirrels nip buds; and black bears girdle mature trees.
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Balsam fir has several insect enemies, the most important by far being the spruce budworm. Despite
its name, the spruce budworm prefers fir over spruce; it is most likely to cause heavy damage and
mortality in stands that contain mature fir, or that have a dense stocking of fir or a high proportion of
fir in relation to other species. Vast budworm outbreaks in eastern North America, perhaps as many
as 11 since 1704, have killed tens of millions of cubic meters (hundreds of millions of ft³) of balsam
fir (6). Defoliation causes extensive root mortality. Evidence of budworm attack such as deformation,
buried leaders, and decay can be seen 40 or more years later (1). Detailed articles about this
important insect pest, with suggestions to alleviate damage, have been written (7,32) and a
comprehensive bibliography assembled (25).
A classification system for tree vigor and budworm resistance was developed as a guide for selecting
spruce and fir trees to remove or retain so as to make spruce-fir stands less vulnerable to spruce
budworm attack. Silvicultural techniques designed to increase stand resistance to budworm cannot
achieve their aim in the short term; several stand entries over the long term may be required,
especially in stands dominated by balsam fir regeneration (46).
The balsam woolly adelgid (Adelges piceae), an introduced insect, is found in Southeastern Canada
and in the Northeastern United States. Unless checked by low winter temperatures, populations build
up and weaken or kill many trees. Severe stem attack can kill trees within 3 years. The insect also
attacks twigs and buds, causing swellings and resulting in loss of new buds, gradual death of twigs
and tops, and severe damage to regeneration. An abnormal growth of tracheids caused by insect
saliva results in dark, brittle "redwood" (41).
The red heart fungus (Haematostereum sanguinolentum), causes much decay in living balsam fir. It
enters almost entirely through injuries to the trunk and living branches (18). Losses from red heart
rot are two or three times greater than those caused by butt rots (11,41). Six root and butt rots in
balsam fir are economically important. These include the shoestring rot (Armillaria mellea), the two
brown cubical rots (Tyromyces balsameus and Coniophora puteana), and the three white stringy rots
(Poria subacida, Resinicium bicolor, and Scytinostroma galactinium). Another root disease of
importance is Serpula himantioides. Phaeolus schweinitzii and Inonotus tomentosus also cause a
small percentage of the root and butt rot in balsam fir (18). Mechanical or insect-caused wounds to
the roots or basal areas of trees provide entrances for these fungi (41). Although the root and butt
rots are not responsible for an excessive amount of cull in standing trees, they do weaken trees and
make them more susceptible to wind damage, especially if trees are 20 cm (8 in) d.b.h. and larger.
The defect caused by these rots is severe enough to be the decisive factor in setting the pathological
rotation of fir at about 70 years (11,18,41).
Rot can begin in balsam fir as early as 40 years and increases as the trees get older. More than half
generally are infected by the time they are 70 years old. No reliable external indicator of rot is known
and even fruiting bodies are rare on living trees. Site seems to have an effect on the incidence and
severity of rot; generally, the drier the site, the greater the damage from rot (41).
Specific causes of seedling diseases in nurseries have not been thoroughly reported. The foliage
diseases of balsam fir are many but none are economically important to wood production. The same
can be said for balsam fir's many stem or canker diseases (18).
The most conspicuous disease of balsam fir is witches' broom, caused by the rust fungus
Melampsorella caryophyllacearum. Broomed shoots are upright and dwarfed and have yellow
needles. Trunk and branch swellings are produced in the shoots (18).
Special Uses
The most important products made from balsam fir wood are pulpwood and lumber (43). The wood
of balsam fir, as well as that of other true firs, is creamy white to pale brown. The sapwood has little
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odor or taste. Wood structure in the true firs is so similar that identification of species is impossible
by examining only the wood (1,43).
Balsam fir is pulped by all of the pulping processes. Sulfate and semichemical processes are used
most extensively. A fiber length of 3 to 4 mm A 12 to 0.16 in) is good, as is fiber quality. Because
balsam fir is less dense than other major pulpwood species, its yield is lower (37).
The wood of balsam fir is light in weight, relatively soft, low in shock resistance, and has good
splitting resistance. Recent testing of several mechanical properties of balsam fir and of red, white,
and black spruce indicates strength values for balsam fir generally exceeding those of white spruce.
In some tests, strength values were equivalent to or only slightly below the values of red and black
spruce (5,34). Nail-holding capacity is low. Balsam fir is very low in resistance to decay (43). The
major use of balsam fir lumber is for light-frame construction. Minor uses include paneling, crates,
and other products not requiring high structural strength.
Balsam fir provides food or cover for some animals and both food and cover for others. Moose rely on
balsam fir in winter when it is a major source of food. The use of balsam fir by deer for cover and
shelter is well documented. During severe winter weather, especially in northern areas of the whitetailed deer range, lowland balsam fir stands and spruce-balsam fir swamps are used extensively as
winter yarding areas. The fact that these sites usually contain, at best, only small amounts of
preferred food suggests their attractiveness as shelter.
Other mammals use balsam fir to varying degrees. The snowshoe hare uses it for cover, and there is
some seed and phloem feeding by various species of mice and voles. Red squirrels occasionally feed
on balsam fir seed, bark, and wood. They prefer flower buds to vegetative buds. There is some use of
wood by beaver for dam building, but little is used as food. Black bear strip bark and lick the exposed
surfaces between bark and wood (1).
Balsam fir provides a minor part of the diet for both the spruce grouse and the ruffed grouse. Buds,
tips, and needles are consumed, and more feeding occurs in winter than in summer. Thickets of
balsam fir provide shelter for both birds (1). The response of bird populations to several forestry
practices in stands containing balsam fir has been recorded (8,40). Species composition, the vertical
and horizontal structure of the stand, and the extent of spruce budworm infestation influence the
composition and density of bird populations.
Balsam fir is not widely planted as an ornamental nor does it offer much potential in areas other than
northern New England, Canada, and perhaps the Lake States. Plantings as screens or as windbreaks
are successful only when the moisture requirement of the species is met (1). On certain lands and
especially on public lands, the unique presence of spruce-fir stands suggests management for esthetic
values. In the southern Appalachian mountains, coniferous forests containing balsam fir are managed
for watershed protection (44).
Oleoresin, a substance confined to the bark blisters of balsam fir, is used as a medium for mounting
microscopic specimens and as a cement for various parts of optical systems. It is also used in the
manufacture of medicinal compounds and spirit varnishes (4).
Balsam fir wood is not prized for fuelwood, but industries that use balsam fir for pulp and lumber
products are using increasingly larger quantities of wood waste for the production of energy. The
heating value of ovendry fir bark is 21 166 600 joules/kg (9,100 Btu/lb) (26).
The fir tree has been a favorite Christmas tree for more than 400 years. It remains among the top
three species. In 1980, balsam fir ranked second behind Scotch pine (Pinus sylvestris), commanding
13.9 percent of the market (38). Sheared plantation-grown trees are usually preferred over wildings
by retailers and consumers. Wreath-making is another holiday business that rivals that of Christmas
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tree sales in some areas. Prolonged needle retention after harvest, color, and pleasant fragrance are
characteristics of balsam fir that make it attractive for these uses. Fragrance alone accounts for use of
the needles as stuffing for souvenir pillows commonly sold in New England gift shops.

American Beech
Fagus grandifolia Ehrh.
American Beech
Fagaceae -- Beech family
Carl H. Tubbs and David R. Houston
American beech (Fagus grandifolia) is the only species of this genus in North America. Although
beech is now confined to the eastern United States (except for the Mexican population) it once
extended as far west as California and probably flourished over most of North America before the
glacial period (39). This slow-growing, common, deciduous tree reaches its greatest size in the
alluvial soils of the Ohio and Mississippi River Valleys and may attain ages of 300 to 400 years. Beech
wood is excellent for turning and steam bending. It wears well, is easily treated with preservatives,
and is used for flooring, furniture, veneer, and containers. The distinctive triangular nuts are eaten by
people and are an important food for wildlife.
Soils and Topography
Beech is found generally within two principal soil groups: the gray-brown podzolic (Hapludalf) and
the laterite (Acrorthox) and is prevalent on podzols; it is seldom found on limestone soils except at
the western edge of its range. These soils are contained in the orders Alfisols, Oxisols, and Spodosols.
Soils of loamy texture and those with a high humus content are more favorable than lighter soils
(39). The largest trees are found in the alluvial bottom lands of the Ohio and the lower Mississippi
River valleys, and along the western slopes of the southern Appalachian Mountains.
Beech populations frequently are higher on coarse-textured, dry-mesic soils in the northern part of
its range (38). In Indiana, beech is more sensitive to reduced soil moisture than is white oak (Quercus
alba), sugar maple (Acer saccharum), American elm (Ulmus americana), and slippery elm (U. rubra).
It will grow on poorly drained sites not subjected to prolonged flooding and may grow where the
water table is within 15 cm to 25 cm (6 to 10 in) of the surface. It is markedly less tolerant of such
conditions than are red maple (Acer rubrum) and sweetgum (Liquidambar styraciflua). Beech trees
on poorly drained sites have shallower root systems than those on better drained sites (39). 'Ember
stands containing considerable numbers of beech are found on soils ranging from pH 4.1 to 6.0 (39),
but seldom where pH exceeds 7.0.
Beech is found at low elevations in the North and relatively high elevations in the southern
Appalachians. Local soil and climatic factors probably determine whether beech grows at the higher
elevations. In the Adirondacks of New York, low temperatures and wind keep beech below 980 m
(3,200 ft), in contrast to the southern mountains where on the warmer slopes it grows at elevations
up to 1830 m (6,000 ft). At latitudes in the middle of its range, however, beech is more abundant on
the cooler and moister northern slopes than on the southern slopes (39).
Associated Forest Cover
Within its wide range in eastern North America, beech is associated with a large number of trees.
Some of the principal associates are sugar maple, red maple, yellow birch (Betula alleghaniensis),
American basswood (Tilia americana), black cherry (Prunus serotina), southern magnolia (Magnolia
grandiflora), eastern white pine (Pinus strobus), red spruce (Picea rubra), and several hickories
(Carya spp.) and oaks Quercus spp.). Beech is included in 20 forest cover types and is a major
component in the following three (5): Sugar Maple-Beech-Yellow Birch (Society of American
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Foresters Type 25), Red Spruce-Sugar Maple-Beech (Type 31), and Beech-Sugar Maple (Type 60).
Beech is a minor species in 17 other cover types.
Rooting Habit
Young seedlings have a taproot that gives way to a heart root system as the tree matures (41). The
root system is generally shallow but may penetrate to 1.5 m (5 ft) or more in deep soils. The fine
roots form a dense mat in our soil types. Beech root systems are more shallow than the associated
yellow birch and sugar maple. Few tree species are less tolerant of flooding during the growing
season than American beech.
Root exudates of beech contain more organic acids than those of sugar maple or yellow birch.
Reaction to Competition
Beech is classed as very tolerant of shade. In some parts of its range, beech is the most tolerant
species. Its tolerance is partly due to its very low respiration rate (24) and the quick response of the
stomata, which open when light suddenly increases and rapidly close when light intensity
diminishes. Beech stomata are more responsive than those of red maple, red oak Quercus rubra), or
yellow-poplar (Liriodendron tulipifera), which are less tolerant (43). On very poor soils or in very
cold climates, beech may be less tolerant. The tolerances of beech and associated sugar maple are
about the same (25), although locally one species or the other may predominate in the forest
understory. Factors other than the ability to endure shade appear to govern the relative success of
beech and its common tolerant competition, sugar maple, eastern hemlock (Tsuga canadensis), and
balsam fir (Abies balsamea). Beech may be more competitive under somewhat adverse site and
climate conditions (39).
Beech and sugar maple are recognized as climatic climax species in the northern hardwood types of
the Northeast, Lake States, and Appalachian Mountains. In the Southeast, relict areas of beech suggest
that an original maple-beech association has been displaced by the once subclimax oak-hickory
community.
Damaging Agents
In regions with low winter temperatures, long frost cracks often appear in the tree trunks. These
cracks are sometimes superficial but sometimes extend deep into the bole. In the Northeast, beech
has been damaged or killed by temperatures of -40° to -45° C (-40° to -50° F) preceded by severe
droughts (39). Injured trees died the following summer and winter. Beech can be severely damaged
by late spring frosts.
In a Kentucky study of effects of flooding, beech was one of the more sensitive species. Beech trees
were killed by 2 weeks of submergence of their root crowns in summer. An 18-day period of flooding
in winter had no apparent adverse effect, however.
Beech's susceptibility to glaze-storm breakage is no greater than that of its associated hardwoods
and may be somewhat less than the average for a mixed stand (39). Except on shallow soils, beech is
rather windfirm.
The thin bark of beech renders it highly vulnerable to injury by fire (large shallow roots are
especially vulnerable), sunscald, logging, pruning, or disease. When large branches are broken they
heal comparatively slowly (38) and serve as entrance courts for a host of decay fungi (12,32).
More than 70 decay fungi (a record for a hardwood species) have been reported for beech (12). The
most important include Daedalea unicolor, Ganoderma applanatum, Fomes fomentarius, Phellinus
igniarius, Hericium erinaceus, H. coralloides, Steccherinum septentrionale, Inonotus glomeratus, and
Ustilina vulgaris. The shoestring fungus, Armillaria sp., the most important root pathogen, attacks
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and girdles roots of weakened trees. Beech roots are also parasitized by the broomrapes, Conopholis
americana and Epifagus virginiana. The latter, beech drops, is specific to beech (8,34).
The thinness of beech bark also makes it vulnerable to an unusually large number of sucking insects,
including the beech blight aphid, Fagiphagus imbricator, and the giant bark aphid, Longistigma
caryae. Continuous heavy outbreaks of the oystershell scale, Lepidosaphes u1mi, have resulted in
severe crown dieback and even in the death of entire stands (1). Xylococculus betulae, another scale,
causes roughened spots on stems of young trees and is especially devastating to the sprout thickets
that have emerged in the aftermath of beech bark disease , the most serious problem of this species
(13,31).
Beech bark disease is initiated when yet another scale insect, the beech scale, Cryptococcus fagisuga,
attacks the bark of beech trees and renders it susceptible to bark canker fungi of the genus Nectria
(3,33). The insect component of this scale-Nectria "complex" was introduced to Nova Scotia from
Europe around 1890 and is now found throughout New England, New York (15) and northern
Pennsylvania (37). In 1981, a 70,000-acre infestation was detected in northeastern West Virginia,
many miles south of the nearest previously known infestation (28). More recently, the disease has
been reported as far west as Toronto, Ontario, and the scale is now present in northeastern Ohio and
northwestern Virginia (29). In North America, Nectria coccinea var. faginata is the fungus most
commonly associated with the disease in the Maritime Provinces, New England, and northern New
York. In western Pennsylvania, West Virginia, and some New York stands however, N. galligena is the
predominant associated species. As the disease and forest interact for the first time, mortality may be
so severe that a large proportion of the big, mature beech trees are killed. Mortality is now especially
high in some southern and western areas of the Adirondack Mountain region. The percent stocking of
beech was reported (7) to remain the same after the killing front of the beech bark disease moved
through a managed stand; the disease mainly affected the larger trees. Although such mortality is
rare in stands emerging in the aftermath of the disease, severe defect may be caused by the nowendemic causal complex together with Xylococculus betulae (13).
Defoliation by insects can occasionally be a serious problem (1). The most damaging is the saddled
prominent, Heterocampa guttivitta, although the forest tent caterpillar (Malacosoma disstria), gypsy
moth (Lymantria dispar), fall cankerworm. (Alsophila pometaria), and the Bruce spanworm.
(Operophtera bruceata) occasionally cause heavy defoliation in local areas. Insect defoliation often
renders trees susceptible to attack by the shoestring root fungus.
Beech is seldom severely browsed by white-tailed deer. When other, more desirable tree species are
available, beech is usually nipped only sparingly (36).
Special Uses
Beech mast is palatable to a large variety of birds and mammals, including mice, squirrels,
chipmunks, black bear, deer, foxes, ruffed grouse, ducks, and bluejays. Beech is the only nut producer
in the northern hardwood type. Beech wood is used for flooring, furniture, turned products and
novelties, veneer, plywood, railroad ties, baskets, pulp, charcoal, and rough lumber. It is especially
favored for fuelwood because of its high density and good burning qualities.
Creosote made from beech wood is used internally and externally as a medicine for various human
and animal disorders. (It is important to note that coal tar creosote, the kind used to protect wood
from rots, is highly toxic to humans.)
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Sugar Maple

Acer saccharum Marsh.

Sugar Maple
Aceraceae -- Maple family
Richard M. Godman, Harry W. Yawney, and Carl H. Tubbs
Sugar maple (Acer saccharum), sometimes called hard maple or rock maple, is one of the largest and
more important of the hardwoods. It grows on approximately 12.5 million hectares (31 million
acres) or 9 percent of the hardwood land and has a net volume of about 130 million m3 (26 billion
fbm) or 6 percent of the hardwood sawtimber volume in the United States. The greatest commercial
volumes are presently in Michigan, New York, Maine, Wisconsin, and Pennsylvania (53). In most
regions, both the sawtimber and growing stock volumes are increasing, with increased production of
saw logs, pulpwood, and more recently, firewood.
Soils and Topography
Sugar maple grows on a wide variety of sites ranging from a site index of about 12 m (40 ft) to nearly
24 m (80 ft) at age 50 (12,17,21,25,46,91). Typical good quality second-growth stands usually fall
between site index 17 and 20 m (55 and 65 ft) for sugar maple at base age 50 years. Height growth is
slower after age 50 in the eastern regions. Except on the best sites, the depth of the soil and type of
parent material has a marked influence on site index (69).
Sugar maple grows on sands, loamy sands, sandy loams, loams, and silt loams but it does best on
well-drained loams (30). It does not grow well on dry, shallow soils and is rarely, if ever, found in
swamps (30). Sugar maple is soil-site specific in southerly regions but abundant on a wide variety of
soils in the northern Lake States. It is mostly found on Spodosols, Alfisols, and Mollisols among the
soil orders. In New Hampshire, sugar maple is associated with sites that have abundant organic
matter (69), and in West Virginia it is most abundant on areas with high oak site indices (107).
Sugar maple grows on soils ranging from strongly acid (pH 3.7) to slightly alkaline (pH 7.3), but it
most commonly grows on soils with a pH of from 5.5 to 7.3 (30). The heavy leaf litter typical of sugar
maple tends to modify the pH and nutrient status of the soil. The leaves contain about 1.81 percent
calcium, 0.24 percent magnesium, 0.75 percent potassium, 0.11 percent phosphorus, 0.67 percent
nitrogen, and 11.85 percent ash, based on dry weight. The pH of
leaves ranges from 4.0 to 4.9. The calcium content remains relatively uniform in trees growing with a
pH range of 4.5 to 7.0 but drops as the soils become more acid (5). In the Lake States, sugar maple is
found at elevations up to 490 m (1,600 ft)-most commonly on ridges between poorly drained areas
and on soil with at least 1 to 1.5 m (3 to 5 ft) to the water table. In northern New England and New
York State it grows at elevations up to 760 m (2,500 ft). In the Green Mountains of Vermont and the
White Mountains of New Hampshire, especially, the upper limit lies in a sharp horizontal band with a
narrow transitional zone into the Boreal forest types. In the southern Appalachians the upper
elevation ranges from 910 m (3,000 ft) to 1680 m (5,500 ft), with the lower levels generally
restricted to the cooler north slopes. In the southern and southwestern parts of its range, sugar
maple more typically grows on moist flats and along ravines at intermediate elevations in the rolling
topography.
Associated Forest Cover
In eastern North America sugar maple is a major component in 7 Society of American Foresters
forest cover types, a common associate in 17, and an infrequent species in 10 (20).
Sugar maple is a major component in the following types:
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27 Sugar Maple
26 Sugar Maple-Basswood
25 Sugar Maple-Beech-Yellow Birch
60 Beech-Sugar Maple
28 Black Cherry-Maple
31 Red Spruce-Sugar Maple-Beech
16 Aspen (Canadian subtype)
Sugar maple is a common associate in the following types:
17 Pin Cherry
107White Spruce
32 Red Spruce
30 Red Spruce-Yellow Birch
35 Paper Birch-Red Spruce-Balsam Fir
21 Eastern White Pine
22 White Pine-Hemlock
23 Eastern Hemlock
20 White Pine-Northern Red Oak-Red Maple
24 Hemlock-Yellow Birch
108Red Maple
19 Gray Birch-Red Maple
55 Northern Red Oak
57 Yellow-Poplar
58 Yellow-Poplar-Eastern Hemlock
59 Yellow-Poplar-white Oak-Northern Red Oak
64 Sassafras-Persimmon
It occurs as an infrequent species in Jack Pine(Type 1), Balsam Fir (Type 5), Aspen (Type 16), Red
Spruce-Balsam Fir (Type 33), Red Spruce-Fraser Fir(Type 34), Chestnut Oak (Type 44), Pitch Pine
(Type 45), White Pine-Chestnut Oak (Type 51), White Oak-Black Oak-Northern Red Oak (Type 52),
and River Birch-Sycamore (Type 61).
Large numbers of shrubs are found with sugar maple because of its varied altitudinal distribution.
The most common within the commercial range are beaked hazel (Corylus cornuta), Atlantic
leatherwood (Dirca palustris), redberry elder (Sambucus pubens), American elder (S. canadensis),
alternate-leaf dogwood (Corn us alternifolia), dwarf bush-honeysuckle (Diervilla lonicera), Canada
yew (Taxus canadensis), red raspberry (Rubus idaeus), and blackberries (Rubus spp.). Common
flowering plants include springbeauty (Claytonia caroliniana), large-flowered trillium (Thulium
grandiflorum), anemone (Anemone spp.), marsh blue violet (Viola cucullata), downy yellow violet (V.
pubescens), Solomons-seal (Polygonatum pubescens), false Solomons-seal (Smilacina stellata), sweet
cicely (Osmorhiza spp.), adderstongue (Ophioglossom vulgatum), jack-in-the-pulpit (Arisaema
atrorubens), clubmosses (Lycopodium spp.), and largeleaf aster (Aster macrophyllus).
Rooting Habit
The root system of sugar maple has strong, oblique laterals with extensive branching. Roots on the
upper side of the laterals grow upward into the humus layers and those on the lower side grow
downward. Most of the fine feeder roots remain within the general area of origin (23,103).
Intraspecific root grafting is common.
Although some root growth may continue throughout the year if the soil does not freeze, the bulk of
the new root regeneration depends on growth factors exported from physiologically nondormant
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buds. In northern races of sugar maple, about 2,500 hours of continuous chilling are required to
break bud dormancy (64).
Sugar maple roots are extremely sensitive to flooding during the growing season. The roots of maple
form both endotrophic and ectotrophic mycorrhizae.
Reaction to Competition
Sugar maple is rated as very tolerant of shade, exceeded among hardwoods only by a few smaller,
shorter lived species. In large trees, only American beech (Fagus grandifolia) equals it in tolerance
under forest conditions (30). Maximum photosynthetic activity generally occurs under about 25
percent of full sunlight. The species can survive for long periods under heavy shade and still show a
strong response to release (30).
Release is seldom justifiable for young sugar maple stands subjected to suppression from scattered
dominant trees or pin cherry (Prunus pensylvanica) because the sugar maple will overcome
suppression under those conditions (30). Release is needed, however, when sugar maple competes
with striped maple (Acer pensylvanicum), black cherry (Prunus serotina), yellow-poplar
(Liriodendron tulipifera), and the oaks (Quercus spp.), because growth is retarded and survival is
reduced by such competition (107).
One sapling stand study showed that unreleased, dominant trees of good vigor averaged 23 mm (0.9
in) in diameter growth and heavily released trees averaged 46 mm (1.8 in) in diameter growth per
year during a 7-year period; unreleased, codominant trees of good vigor averaged 18 mm (0.7 in) in
diameter growth and heavily released trees 38 mm (1.5 in). Pole-size trees also respond well to
release (31,102).
If released too much, sugar maple readily develops epicormic sprouts from dormant buds (14,31,33,
36,78). Gradual release and good crown development provide adequate control over epicormic
sprouting and also enhance natural pruning of epicormic branches on the lower bole. Consequently,
proper thinning at scheduled intervals is necessary to encourage quality improvement as well as
diameter growth.
Damaging Agents
Early studies in old-growth sugar maple indicated that after two or possibly three cyclic cuts had
been made, few damaging agents would affect trees or stands. Current work in second-growth,
however, shows some major agents, particularly in even-aged stands (77,122).
At least two 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. Other bud-damaging
insects that may also cause forks are Choristoneura rosaceana, Cenopis pettitana, Phyllobius
oblongus, and Platycerus virescens (65,66,7798,123).
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 (32). But early or heavy thinning sets
the fork and causes shorter merchantable lengths. As fork members increase in size and weight, fork
breakage also increases.
Except for bud losses, sugar maple is not highly susceptible to insect injury and serious outbreaks are
not common (62). The most common insects to attack sugar maple are defoliators and these include
the gypsy moth (Lymantria dispar), forest tent caterpillar (Malacosoma disstria), linden looper
(Erannis tiliaria), fall cankerworm (Alsophila pometaria), spring cankerworm (Paleacrita vernata),
green-striped mapleworm (Anisota rubicunda), Bruce span-worm (Operophtera bruceata), maple
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leaf-cutter (Paraclemensia acerifoliella), maple trumpet skeletonizer (Epinotia aceriella), and
saddled prominent (Heterocampa guttivitta).
One insect of the genus Phytobia occasionally causes pith flecks that seriously degrade veneer logs.
This insect tunnels the full length of the cambium layer and exits near the root collar (117).
Borers that attack sugar maple include the carpenterworm (Prionoxystus robiniae), sugar maple
borer (Glycobius speciosus), maple callus borer (Synanthedon acerni), and occasionally horntajls
(Xiphydria abdominalis and X. maculata) (95).
Sucking insects that affect sugar maple include the woolly alder aphid (Prociphilus tesselatus) and
other aphid species (Neoprociphilus aceris and Periphyllus lyropictus) which injure leaves and
reduce growth.
Of the scale insects, the maple phenacoccus (Phenacoccus acericola), is the most important to sugar
maple. The maple leaf scale (Pulvinaria acericola) and the gloomy scale (Melanaspis tenebricosa) also
frequently attack sugar maple.
Many sugar maple trees died in a small area of Wisconsin and Michigan in 1957 (113). Certain
insects-the leaf rollers (Sparganothis acerivorana and Acleris chalybeana) and the maple webworm
(Tetralopha asperatel1a)combined with disease and climatic factors were thought to be the cause of
this mortality (44,48,61,120). The decline has abated but appears to have recurred with less severity
on a portion of the same area in the late 1970's.
Diseases of sugar maple generally deform, discolor, or decrease volume but seldom kill the tree (80).
The two most important diseases in managed second-growth are probably Eutypella (Eutypella
parasitica) and Nectria (Nectria galligena) cankers. In the Lake States these cankers each affect from
about 1 to 4 percent of the trees (77) but in Ontario they occur more frequently (60,87). Nectria
canker is more prevalent following shelterwood cuttings, probably because conditions favorable for
infection are established (2). Two other cankers (Schizoxylon micro sporum and Hypoxylon lilakei)
occur rarely on sugar maple. In a few instances cankers may kill a tree but generally only predispose
it to breakage.
Some common fungi-causing heart rots in sugar maple are Armillaria mellea, primarily a root-rotting
fungus; Hydnum septentrionale, which causes a soft, spongy, white heart rot; Inonotus glomeratus,
which causes white to light brown spongy heart rot; and Ustulina vulgaris, which causes a butt rot
(30).
The amount of defect in sugar maple trees in virgin and unmanaged stands is usually high-commonly
from 35 to 50 percent (30). Defect resulting from logging damage usually is minor in small wounds
for as long as 10 years, but 20-cm (8-in) scars all were infected within 20 years and value losses were
significant (47,81).
Logging injuries to the stems of residual trees and to reproduction frequently result in the entrance
of decay and eventually serious volume loss (6,79). In a study in Upper Michigan at least 30 percent
of the logging scars on the main stem of older trees resulted in serious defects within 15 to 20 years
(30). Larger limbs broken in logging also usually result in serious defects (93,94). In Upper Michigan
after a 20-year period about 8 percent cull resulted from decay and stain that had entered through
scars on limbs 10 cm (4 in) and larger (30). Smaller limb breakage exposing only sapwood, however,
generally results in little volume loss (4,30).
Two wilts occasionally attack and kill sugar maple. Sapstreak, caused by Ceratocystis coerulenscens,
enters through root injuries from logging and has been reported in several localities (56,57,80).
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Verticillium wilt, caused by Verticillium albo-atrum, is usually found only in shade trees. This wilt
also invades the trees through the roots.
When stored for more than a year, a saprophytic fungus, Cryptostroma corticale, sometimes develops
on the bark of sugar maple. The spores from this fungus are released during processing and have
caused bronchial asthma and severe allergenic lung disorders to millworkers (83,84).
Physical and climatic injuries often occur on sugar maple. Much damage from glaze storms occurred
in New York in 1942. The injured trees showed a slight tendency to sprout and renew growth. Many
of the smaller trees that had 85 percent or more of their crown broken away developed saprot (30).
Winter sunscald frequently occurs in even-aged sugar maple stands. Trees are damaged from late
winter heating of the bole above the snowline on bright sunny days followed by rapid freezing that
ruptures the cells. Most injury occurs when the stems are 2.5 to 7.6 cm (1 to 3 in) in d.b.h., and
certain topographic positions are affected more than others (55). Healing in dense stands is slow, if
at all, and later stages often appear to be a simple frost crack. Various fungi may be present but may
or may not prevent closure (59). Part of the lack of closure may be due to shrinkage and swelling of
the bole associated with changes in air temperature (35).
In some areas the lower portion of sugar maple boles contains many vertical cracks from 2.5 to 7.6
cm (1 to 3 in) long. Although these cracks have been termed annual maple cankers, the causal agent
does not seem to be a fungus. These cankers slowly disappear and new ones recur at short intervals
(32). In Pennsylvania they were most common on slowly permeable soils (116) but no specific cause
has been identified (3,58).
Sugar maple can be severely damaged from deicing road salt (96). In an industrial area the number of
overstory sugar maples was markedly reduced from exposure to sulfur oxides, nitrogen oxides,
chlorides, and fluorides. Sugar maple remained an abundant species in the understory because of a
lower exposure level (72).
Numerous animals feed on or injure sugar maple without serious effect except in local and limited
situations. Deer browsing is probably the most common wildlife factor. Winter browsing in the Lake
States causes little damage or reduced growth (51,100). In the central Adirondacks, however,
continual browsing of sugar maple allows American beech, which the deer avoid, to dominate
northern hardwood understories (54).
Red, grey, and flying squirrels sometimes gnaw or feed on the seed, buds, foliage, and twigs of sugar
maple. In rare instances, they have girdled and killed larger branches and tree tops (30,100).
Porcupines may feed on the bark and kill the top by girdling the upper stem (8,30).
Sapsuckers frequently peck and cause degrade in some sugar maple trees but rarely, if ever, kill the
tree (19,82,90,92). On heavily pecked trees in the spring a fungus develops on the sap and causes the
bark to turn black (82). Such trees probably should be retained in the stand to prevent other trees
from being attacked.
Special Uses
The sugar maple tree is the principal source of maple sugar. The trees are tapped early in the spring
for the first flow of sap, which usually has the highest sugar content. The sap is collected and boiled
or evaporated to a syrup. Further concentration by evaporation produces the maple sugar. Sugar
maple sap averages about 2.5 percent sugar; about 129 liters (34 gal) of sap are required to make 3.8
liters (1 gal) of syrup or 3.6 kg (8 lb) of sugar. Guides have been printed for developing a sugar bush
from natural stands (67).
Breeding experiments have determined that sugar content is high for certain families and that sugar
content in individual trees is consistent over a period of years (64,104). A sugar content of 7.4

Bussell Forest Consulting

Pike Property 2011 6
4
percent has been attained by crossing two selected parents of slightly lower content (64). The sugar
content is also correlated with the volume yield of sap (7,74).

Red Maple

Acer rubrum L.

Red Maple
Aceraceae -- Maple family
Russell S. Walters and Harry W. Yawney
Red maple (Acer rubrum) is also known as scarlet maple, swamp maple, soft maple, Carolina red
maple, Drummond red maple, and water maple (33). Many foresters consider the tree inferior and
undesirable because it is often poorly formed and defective, especially on poor sites. On good sites,
however, it may grow fast with good form and quality for saw logs. Red maple is a subclimax species
that can occupy overstory space but is usually replaced by other species. It is classed as shade
tolerant and as a prolific sprouter. It has great ecological amplitude from sea level to about 900 m
(3,000 ft) and grows over a wide range of microhabitat sites. It ranks high as a shade tree for
landscapes.
Soils and Topography
Red maple can probably thrive on a wider range of soil types, textures, moisture, pH, and elevation
than any other forest species in North America (18). Its range covers soils of the following orders:
Entisols, Inceptisols, Ultisols, Alfisols, Spodosols, and Histosols. It grows on both glaciated and
nonglaciated soils derived from granite, gneisses, schists, sandstone, shales, slates, conglomerates,
quartzites, and limestone (26).
Red maple grows on diverse sites, from dry ridges and southwest slopes to peat bogs and swamps. It
commonly grows under the more extreme soil-moisture conditions either very wet or quite dry. The
species does not show a strong affinity for either a north or a south aspect (48). Although it develops
best on moderately well-drained, moist sites at low to intermediate elevations, it is common in
mountainous country on the drier ridges and on south and west exposures of upper slopes. It is also
common, however, in swampy areas, on slow-draining flats and depressions, and along small
sluggish streams (26). In upper Michigan and New England, red maple grows on ridge tops and dry
sandy or rocky upland soils and in almost pure stands on moist soils and swamp borders (13,40). In
the extreme south, red maple is almost exclusively a swamp species.
Associated Forest Cover
Red maple is a major or an associated species in 56 of the 88 nontropical forest cover types
recognized for the eastern United States (13). Red maple forms a pure cover type (Society of
American Foresters Type 108) because it makes up at least 80 percent of the stand basal area. The
species is also at least 20 percent of Gray Birch-Red Maple (Type 19), White Pine-Northern Red OakRed Maple (Type 20), Black Cherry-Maple (Type 28), and Black Ash-American Elm-Red Maple (Type
39).
The red maple is most common in New England, Middle Atlantic States, upper Michigan, and
northeast Wisconsin. It is rare farther west and south. Recognition of red maple as a separate cover
type generally is attributed to disturbances that allowed red maple residuals to respond rapidly. The
elimination of elm (Ulmus americana and U. thomasii) by Dutch elm disease and of the American
chestnut (Castanea dentata) by the blight, and selective removal of yellow birch (Betula
alleghaniensis) and sugar maple (Acer saccharum) have contributed to increasing the proportion of
red maple stocking in many stands (13,40,48).
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Throughout its range, red maple is associated with more than 70 different commercial tree species
(26). Its more common associates from the north to the south include red spruce (Picea rubens),
balsam fir (Abies balsamea), white pine (Pinus strobus), sugar maple, beech (Fagus grandifolia),
yellow birch, paper birch (Betula papyrifera), gray birch (B. populifolia), sweet birch (B. lenta),
eastern hemlock (Tsuga canadensis), eastern hophornbeam (Ostrya virginiana), striped maple (Acer
pensylvanicum), northern white-cedar (Thuja occidentalis), aspen (Populus grandidentata and P.
tremuloides), black ash (Fraxinus nigra), pin cherry (Prunus pensylvanica), black cherry (P serotina),
northern red oak (Quercus rubra), American elm, chestnut oak (Q. prinus), Virginia pine (Pinus
virginiana), yellow-poplar (Liriodendron tulipifera), silver maple (Acer saccharinum), black gum
(Nyssa sylvatica), swamp white oak (Quercus bicolor), and loblolly pine (Pinus taeda) (13).
Rooting Habit
Red maple trees grow well and are generally capable of growing as well as or better than their
associates on sites with less than optimum moisture conditions, either too wet or too dry. In
Michigan, red maple sprouts grew about twice as fast on wet organic soils as on mineral soils or drier
organic soils (26). Roots of maple seedlings are capable of developing differently in response to
various environments, so that the seedlings can survive in situations ranging from swamp to dry
upland. This characteristic root system adaptability is maintained as the trees grow older. Under
flood conditions, many adventitious roots develop, but the root systems recover quickly upon
drainage (24). Red maples seem to tolerate drought through their readiness to stop growing under
dry conditions (52) and by producing a second growth flush when conditions improve again, even
after growth has stopped for 2 weeks (27).
Red maple roots are primarily horizontal and form in the upper 25 cm (10 in) of soil. After
germination, a taproot develops until it is about 2 to 5 cm (1 to 2 in) long, then it turns and grows
horizontally. As the woody roots extend sideways, nonwoody fans of feeder roots extend upward,
mostly within the upper 8 cm (3 in) of mineral soil. The woody roots may be 25 m (80 ft) long (34).
Although red maple trees and seedlings tolerate flooding, they can be damaged if silt and sand layers
7.6 cm (3 in) or more are deposited over their roots (6).
Reaction to Competition
Red maple is a pioneer or subclimax species that is more shade tolerant and longer lived than the
usual early successional species, such as poplar (aspen) and pin cherry. It compares in shade
tolerance with sycamore (Platanus occidentalis), silver maple, American basswood (Tilia americana),
common persimmon (Diospyros virginiana), black gum, and rock elm (Ulmus thomasii). It is not as
tolerant as sugar maple, American beech, eastern hophornbeam, and flowering dogwood (Cornus
florida) (26). Red maple can most accurately be classed as tolerant of shade. Seedlings are more
shade tolerant than larger trees and can exist in the understory for several years. They respond
rapidly to release and can occupy over-story space. Disturbances such as fire, disease, hurricanes,
and harvesting have caused red maple to increase in stocking where it previously occurred as only
scattered trees (19,31,35,40,48,55). As these stands mature and the canopy closes, red maple growth
slows due to competition for light (9).
Following a hurricane in central New England, the site was soon dominated by pin cherry, with red
maple, northern red oak, paper birch, and a few eastern white pine. After 10 years, the pin cherry
was giving way to dominance by red maple. After 40 years, however, northern red oak and paper
birch had assumed dominance over the now codominant red maple (19). In northern hardwood
types, red maple begins to give way to sugar maple and more tolerant hardwoods after about 80
years (26), but on certain wet sites, red maple can probably maintain itself indefinitely as an edaphic
climax (13).
Red maple is generally very resistant to herbicides (28). Also, diffuse porous species such as red
maple are difficult to kill by girdling. For example, 3 years after treatment, 70 percent of the girdled
trees had live crowns (63). Stem injection, using cacodylic acid(12) and picloram (61), did
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successfully control red maple as did glyphosate applied by hydraulic sprayer; but not when applied
by a mist blower (16). Generally, if treatment of red maple is planned, it is wise to consult current
labels or experts in the field of chemical control to determine the latest allowable chemicals and the
best methods of application.
Damaging Agents
Red maple is generally considered very susceptible to defect. Especially on poor sites, red maple
often has poor form and considerable internal defect. Discoloration and decay advance much faster
in red maple than in sugar maple (43). In northeastern Pennsylvania, average cull ranged from 13
percent in 30 cm (12 in) diameter red maple trees to 46 percent in 61 cm (24 in) diameter trees. Only
associated beech and black birch were more defective (26).
Sprout clumps present some serious problems. More defects originate from branch stubs on the
sprout stems than from the parent stump (43). Inonotus glomeratus can infect branch stubs and
wounds above the butt in red maple. Nevertheless, a red maple sprout with only a slightly defective
base and small and well-healed branch stubs has a potential for high future value. Criteria for
selecting red maple sprouts for thinning are (1) select only stems with small, well-healed branch
stubs, (2) reject sprout clumps with defective bases, and (3) cut all but one or two of the best
dominant stem sprouts (50).
Many trunk rot fungi and stem diseases attack red maple. Inonotus glomeratus infects branch stubs
and wounds on the stem and is most important. Second in importance is Oxyporus populinus, which
forms a small, white fruit body that often has moss growing on top. Phellinus igniarius is another
leading heart rot of red maple. Red maple may also be cankered by species of Nectria, Eutypella,
Hypoxylon, Schizoxylon, Strumella, and others (48).
Red maple is susceptible to many leaf diseases, generally of minor importance. It is seldom or
seriously damaged by root diseases, although Armillana mellea can enter through root or butt
wounds. However, A. mellea kills only trees already weakened from other causes (18).
Mechanical injury is a common source of defect in hardwoods, and red maple is especially sensitive
to wounding. Often, large areas of cambium surrounding the wound will die back. In shade tree
maintenance, wound dressings have not proven effective in stimulating wound closure or internal
compartmentalization of the damaged area (44). Increment boring causes discoloration and may lead
to decay in red maple. Callus growth, when established, is reasonably rapid, but an extra year or two
often is needed if cambial dieback has been extensive around the wound (26). Red maple was rated
intermediate with respect to amount of damage after a severe glaze storm in Pennsylvania. In one
study, major damage was sustained by 41 percent of the black cherry, 16 percent of the red maple,
and 5 percent of the hemlock (18).
Many different insects feed on red maple, but probably none of them kill healthy trees. They do
reduce vigor and growth leaving the tree more susceptible to attack from fungi. Insect feeding also
may hasten the death of weakened trees. Susceptibility to insect attack is illustrated by a study in the
Piedmont. Of 40 species investigated, red maple had the highest percentage (79 percent) of insect
attacks. Among the more important borers attacking red maple were the gallmaking maple borer
(Xylotreehus aceris), the maple callus borer (Synanthedon acerni), and the Columbian timber beetle
(Corthylus columbianus). The common scale insects included the cottony maple scale (Pulvinaria
vitis), the maple leaf scale (P acericola), and the oystershell scale (Lepidosaphes ulmi). The common
leaf feeding moths were the gypsy moth (Lymantria dispar), the linden looper (Erannis tiliaria), the
elm spanworm (Ennomos subsignaria), and the red maple spanworm (Itame pustularia). The forest
tent caterpillar (Malacosoma disstria) avoids red maple, however (26).
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Red maple is very sensitive to fire injury, and even large trees can be killed by a fire of moderate
intensity. The fire-killed trees sprout vigorously, however, and red maple may become a more
important stand component after a fire than before one (26).
Red maple is a desirable deer food and reproduction may be almost completely suppressed in areas
of excessive deer populations. Snowshoe hares may also reduce the amount of red maple
reproduction (26).
If sapsuckers attack red maple, ringshake may develop (42). Sapsucker damage may also result in
mortality Healthy as well as unhealthy trees are attacked and nearly 40 percent of the trees attacked
may be killed (41).
Special Uses
Red maple is known in the lumber industry as soft maple. The wood is close grained and resembles
sugar maple but is softer in texture, not as heavy, lacks the figure, and has somewhat poorer
machining qualities. Red maple in the better grades is substituted for hard maple, particularly for
furniture. Red maple lumber shrinkage from green to oven-dry moisture content is slightly more
than shrinkage for hard maple in radial, tangential, and volumetric measurements (60).
Brilliant fall coloring is one of the outstanding features of red maple. In the northern forest, its bright
red foliage is a striking contrast against the dark green conifers and the white bark and yellow foliage
of the paper birches. Red maple is widely used as a landscape tree.
Although the hard maples-sugar and black maple (Acer nigrum) are principally used for syrup
production, red maple is also suitable. When sap and syrup from sugar maple were compared with
those of red and silver maple, boxelder (A. negundo), and Norway maple (A. platanoides), they were
found to be equal in sweetness, flavor, and quality (30). The buds of red and silver maple and
boxelder break dormancy much earlier in the spring than sugar maple, however, and the chemical
content of the sap changes, imparting an undesirable flavor to the syrup. Consequently, the tapping
season for red and silver maple is shorter than that for sugar maple.
Red maple is a highly desirable wildlife browse food. Elk and white-tailed deer especially use the
current season's growth of red maple and aspen as an important source of winter food (25). Timber
harvesting slash can provide an important source of browse to help sustain the animals. Red maple,
sugar maple, and paper birch trees cut any time after leaf fall provide browse as nutritious as, and
more acceptable than, trees cut immediately before leaf fall (3).

Red Spruce
Picea rubens Sarg.
Red Spruce
Pinaceae -- Pine family
Barton M. Blum
Red spruce (Picea rubens), also known as yellow spruce, West Virginia spruce, eastern spruce, and
he-balsam, is one of the more important conifers in the northeastern United States and adjacent
Canada. It is a medium-size tree that may grow to be more than 400 years old. The wood of red
spruce is light in color and weight, straight grained, and resilient. It is used for making paper, for
construction lumber, and for musical stringed instruments. Its many uses rival those of eastern white
pine (Pinus strobus) (21).
Soils and Topography
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The soils where red spruce and its associates grow are mostly acid Spodosols, Inceptisols, and
sometimes Histosols with a thick mor humus and a well-defined A2 horizon- characteristics
commonly associated with abundant rainfall, cool climates, and softwood cover (11). Commonly, the
pH of these soils ranges from 4.0 to 5.5. In northern New England, red spruce is found predominantly
on shallow till soils that average about 46 cm (18 in) to a compact layer. It will grow on many sites
unfavorable for other species, such as organic soils overlying rocks in mountainous locations, steep
rocky slopes, thin soils, and wet bottomland (26). On poorly drained soils, lack of aeration limits
growth (22).
In the northern part of its range, red spruce grows at elevations from near sea level to about 1370 m
(4,500 ft) (22). In the southern Appalachian Mountains it comes in at elevations as low as 1370 m
(4,500 ft) and from there to about 1520 m (5,000 ft) it is mixed with hardwoods and eastern hemlock
(Tsuga canadensis). At 1520 m (5,000 ft) balsam fir (Abies balsamea) joins with red spruce to form
the dominant spruce-fir climax type. In West Virginia, spruce-fir stands are found as low as 980 m
(3,200 ft). Above 1890 m (6,200 ft) in the southern Appalachians, red spruce appears less frequently
than Fraser fir (Abies fraseri) (47). In the White Mountains of New Hampshire, balsam fir is the
predominant species above 1220 m (4,000 ft) but red spruce is well represented from about 790 to
1010 m (2,600 to 3,300 ft) (27).
Associated Forest Cover
Pure stands of red spruce comprise the forest cover type Red Spruce (Society of American Foresters
Type 32). Red spruce is also a major component in 5 and a minor component in 13 other forest cover
types (10):
5 Balsam Fir
12 Black Spruce
16 Aspen
17 Pin Cherry
18 Paper Birch
21 Eastern White Pine
22 White Pine-Hemlock
23 Eastern Hemlock
25 Sugar Maple-Beech-Yellow Birch
30 Red Spruce-Yellow Birch
31 Red Spruce-Sugar Maple-Beech
33 Red Spruce-Balsam Fir
34 Red Spruce-Fraser Fir
35 Paper Birch-Red Spruce-Balsam Fir
37 Northern White-Cedar
60 Beech-Sugar Maple
107 White Spruce
108 Red Maple
Some of the shrubs associated with red spruce are: blueberry (Vaccinium spp.), hobblebush
(Viburnum lantanoides), witherod (V. cassinoides), rhodora (Rhododendron canadense), lambkill
(Kalmia angustifolia), mountain-holly (Nemopanthus mucronata), speckled alder (Alnus rugosa), red
raspberry (Rubus idaeus var. strigosus), creeping snowberry (Gaultheria hispidula), wintergreen (G.
procumbens), fly honeysuckle (Lonicera canadensis), gooseberry (Ribes spp.), witch-hazel
(Hamamelis virginiana), downey serviceberry (Amelanchier arborea), beaked hazel (Corylus
cornuta), and Canada yew (Taxus canadensis).
A number of mosses and herbs are also found growing in red spruce forest types. Certain mosses,
herbs, and shrubs, however, have been shown to be related to site quality of red spruce (22). The
three main associations, Hylocomium/Oxalis, Oxalis/Cornus, and Viburnum/0xalis, in that order,
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indicate increasing site productivity and increasing hardwood competition. Similar site types in the
higher elevations of the Appalachian Mountains of North
Carolina include Hylocomium/Oxalis on north-facing slopes above 1520 m (5,000 ft),
Oxalis/Dryopteris at high elevations and all exposures, and the best site type for red spruce and
Fraser fir, Viburnum/Vaccinium/Dryopteris (47).
The Oxalis/Cornus association is considered the best for growing conditions in the northern part of
the range. On these sites the soil is rich enough for red spruce but not fertile enough for the tolerant
hardwoods to offer serious competition (22).
Rooting Habit
Spruce and fir are shallow-rooted, with most of the feeding roots in the duff and the top few
centimeters of mineral soil (11). The average rooting depth for all sites in Maine was found to be 33
cm (13 in), with a maximum of 56 cm (22 in) (22).
Reaction to Competition
Red spruce is classified as shade tolerant in the United States and tolerant or very tolerant in Canada.
Opinions differ as to whether red spruce is more tolerant than balsam fir, but the relative tolerance
may vary with soil fertility and climate (22).
The species' chief competition comes from balsam fir and hardwoods that produce heavy shade, like
beech and maple. Competition from aspen, birch, and other thin-crowned species is not so severe.
Red spruce prunes itself about as well as most softwoods in dense stands. As much as one-third of
the live crown may be pruned artificially without seriously affecting radial growth (5).
A number of studies have demonstrated the ability of red spruce to respond to release after many
years of suppression. The vigor of this response does decline somewhat with age, however, and older
trees may require about 5 years to recover before showing accelerated growth (7). Reduction of
growth to about 2.5 cm (1 in) of diameter in 25 years, for a duration of 100 years, represents about
the limit of suppression for red spruce. Many of its associated tree species such as balsam fir and
hemlock may outgrow red spruce after release (22).
Red spruce may be grown successfully using even-age silvicultural prescriptions (11,12). Red spruce
is very shallow-rooted, however, making it subject to windthrow, a major silvicultural constraint in
the management of the species. As a general rule, it is recommended that no more than one-fourth to
one-half of the basal area be removed in the partial harvest of a spruce-fir stand, depending on site,
to avoid excessive windthrow damage.
Most of the major forest cover types previously listed in which red spruce is a component are
considered either climax or subclimax.

Damaging Agents
The shallow root system, thin bark, and flammable needles of red spruce make trees of all ages very
susceptible to fire damage (11). The acreage of red spruce originally present in the southern
Appalachians has been reduced to a fraction of what it once was by fire and clearcutting (22). Many
former spruce sites are occupied by inferior tree species, blackberries, and ferns after 20 years (47).
The most important insect enemy of red spruce is the spruce budworm, Choristoneura fumiferana.
Although red spruce is much less vulnerable to damage than balsam fir or white spruce, largely due
to later bud flushing in the spring (3), much damage and mortality occur in stands containing large
quantities of mature balsam fir. Blum and McLean (4) suggest that factors such as stand age, species
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composition, density, and vigor contribute to the vulnerability of spruce-fir stands to budworm
damage and suggest steps to alleviate damage. Additional, detailed information may also be found in
Sanders, et al. (42) for spruce-fir stands in the Northeast, the Lake States, and Canada.
The eastern spruce beetle, Dendroctonus rufipennis, damages mature trees of red spruce. Two
species of sawflies, the European spruce sawfly, Diprion hercyniae, and the native yellowheaded
spruce sawfly, Pikonema alaskensis, have severely defoliated red spruce in localized areas (22). The
eastern spruce gall adelgid, Adelges abietis, can be a serious pest on spruce when abundant. The pine
leaf adelgid, Pineus pinifoliae, forms unsightly but relatively harmless conelike galls on red and black
spruce (Picea mariana), which are alternate hosts (46).
Red spruce has few diseases. Needle cast caused by Lirula macrospora may result in severe
defoliation of the lower crown and a subsequent reduction of growth. Phellinus pini and Phaeolus
schweinitzii, the most destructive of red spruce wood-rotting fungi, are usually confined to
overmature or damaged trees. Climacocystis borealis causes butt rot in overmature trees (22). Trees
are occasionally attacked by Armillaria mellea and Inonotus tomentosa.
All along the eastern Appalachian mountain chain, from the New England states to Georgia, growth
has declined in high-elevation red spruce since the 1960's (25). In recent years, this decline has been
accompanied by increased mortality and crown damage in high-elevation red spruce. Apparently, no
significant natural biotic or abiotic causal agents have been identified, although it has been
hypothesized that interaction among naturally occurring insect and disease factors and
anthropogenic air pollutants, or air pollutants acting alone, are at the root of the problem. Sulphur
dioxide (S02), nitrogen oxides (NOx), and volatile organic compounds are the pollutants of primary
concern; secondary pollutants such as ozone and nitric and sulfuric acids are also believed to be
important factors (29).
Growth decline and mortality in low-elevation red spruce in northern New England, while increasing
in some areas, appear to be within the normal ranges for trees and forests of various ages,
compositions, and density. However, some foliar symptoms have been detected in both red spruce
and white pine, particularly from ozone exposure.
Red spruce is occasionally infected with eastern dwarf mistletoe, Arceuthobium pusillum, a parasite
causing growth reduction, tree mortality, and degradation of wood quality (24).
Mice and voles have been found to consume and store significant amounts of spruce seeds in
preference to those of balsam fir, suggesting one reason for the low ratio of spruce to fir seedlings
commonly found in naturally regenerated stands (1,23). Wildlife damage to the terminal buds of
young spruce, presumably by birds, also has been noted (2). Some injury and mortality are also
caused occasionally by porcupines, bears, deer, and yellow-bellied sapsuckers (11). Red squirrels clip
twigs and terminals and eat reproductive and vegetative buds (41).
Special Uses
The wood of red spruce, white spruce (Picea glauca), and black spruce cannot be distinguished with
certainty by either gross characteristics or minute anatomy, and all three are usually marketed
simply as eastern spruce. Chief uses are for lumber and pulpwood, with limited amounts going into
poles piling, boatbuilding stock, and cooperage stock (36) Flakeboard and plywood have been made
from spruce in recent years. It is also the preferred wood for piano sounding boards, guitars,
mandolins, organ pipes, and violin bellies (21).
Forest cover types that include red spruce support a wide variety of wildlife. They are particularly
important as winter cover for deer and, to a certain extent, moose. Small game includes ruffed
grouse, snowshoe hare, and woodcock. Many song birds and fur bearers also frequent these forest
types (44).
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A unique use of red spruce was spruce gum, an exudate that accumulates on trunk wounds. This was
the raw material for a flourishing chewing-gum industry in Maine during the last half of the 19th
century and early years of this century (21).

White Ash
White Ash
Oleaceae -- Olive family
Richard C. Schlesinger

Fraxinus americana L.

White ash (Fraxinus americana), also called Biltmore ash or Biltmore white ash, is the most common
and useful native ash but is never a dominant species in the forest. It grows best on rich, moist, welldrained soils to medium size. Because white ash wood is tough, strong, and highly resistant to shock,
it is particularly sought for handles, oars, and baseball bats. The winged seeds provide food for many
kinds of birds.
Soils and Topography
White ash has demanding soil fertility and soil moisture requirements. These requirements may be
provided by soils derived from a variety of parent materials-limestone, basalt, shale, alluvium, and
fine glacial till. A large number of soil types may support white ash, many of which are included in the
Hapludalfs and Fragiudalfs of the order Alfisols, Haplorthods and Fragiorthods of the order
Spodosols, and Dystrochrepts and Fragiochrepts of the order Inceptisols (11).
White ash grows most commonly on fertile soils with a high nitrogen content and a moderate to high
calcium content. Nutrient culture results show that an absence of nitrogen reduces seedling dry
weight by 38 percent compared to seedlings grown in complete nutrient solution, and that calcium is
the second most important macroelement, followed by sulfur (3). Its pH tolerance varies from 5.0 to
7.5.
Soil moisture is an important factor affecting local distribution. Best growth occurs on moderately
well drained soils, including areas underlain by compacted glacial till; light textured, well drained,
glacial drift; and sandy to clay loam soils in which roots can penetrate to a depth of 40 cm (16 in) or
more. Although rarely found in swamps, white ash is intermediately tolerant of temporary flooding.
White ash is found in various topographic situations. It grows from near sea level in the southeastern
Coastal Plain to about 1050 m (3,450 ft) in the Cumberland Mountains and up to 600 m (1,970 ft) in
New York's Adirondack Mountains. In the hilly and mountainous areas of the Northeast, it grows on
the mesophytic lower and middle slopes, usually stopping short of both the dry, oak-pine ridgetops
and the cold, spruce-fir mountain tops. In the Coastal Plain, white ash usually is limited to the slightly
elevated ridges in the floodplains of major streams. In the Central States it is most common on slopes
along major streams, less common in upland situations, and rarely found in the flat bottoms of major
streams or in depressions (16).
Associated Forest Cover
White ash is a major component in the forest cover type White Pine-Northern Red Oak-Red Maple
(Society of American Foresters Type 20) and is a common associate in 25 other forest cover types
(4):
19 Gray Birch-Red Maple
21 Eastern White Pine
22 White Pine-Hemlock
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23 Eastern Hemlock
24 Hemlock-Yellow Birch
25 Sugar Maple-Beech-Yellow Birch
26 Sugar Maple-Basswood
27 Sugar Maple
28 Black Cherry-Maple
33 Red Spruce-Balsam Fir
39 Black Ash-American Elm-Red Maple
42 Bur Oak
52 White Oak-Black Oak-Northern Red Oak
53 White Oak
55 Northern Red Oak
57 Yellow-Poplar
58 Yellow-Poplar-Eastern Hemlock
59 Yellow-Poplar-White Oak-Northern Red Oak
60 Beech-Sugar Maple
63 Cottonwood
64 Sassafras-Persimmon
80 Loblolly Pine--Shortleaf Pine
82 Loblolly Pine-Hardwood
87 Sweetgum-Yellow-Poplar
91 Swamp Chestnut Oak-Cherrybark Oak
Some of the primary associates of white ash include eastern white pine (Pinus strobus), northern red
oak (Quercus rubra), white oak (Q. alba), sugar maple (Acer saccharum), red maple (A. rubrum),
yellow birch (Betula alleghaniensis), American beech (Fagus grandifolia), black cherry (Prunus
serotina), American basswood (Tilia americana), eastern hemlock (Tsuga canadensis), American elm
(Ulmus americana), and yellow-poplar (Liriodendron tulipifera). Understory shrubs and small trees
frequently found growing with ash are downy serviceberry (Amelanchier arborea), pawpaw
(Asimina triloba), American hornbeam (Carpinus caroliniana), flowering dogwood (Cornus florida),
witch-hazel (Hamamelis uirginiana), eastern hophornbeam (Ostrya uirginiana), and mapleleaf
viburnum (Viburnum acerifolium).
Rooting Habit
White ash generally forms a taproot that in turn branches into a few large roots that grow
downward. From these vertical roots, single lateral branches develop at intervals. Intraspecific
grafting is common. The distribution of roots is strongly influenced by soil type. On a loamy sand,
most of the roots, both large and small, were in the A horizon. On a fine sandy loam, the majority of
the fine roots were in the B, horizon, and the large roots equally in the A and B1.
Knowledge of mycorrhizal associations is limited. Gyrodon merulioides has been reported on white
ash. Seedlings inoculated with the endomycorrhizal fungi Glomus mosseae and G. fasciculatus grew
markedly better than nonmycorrhizal controls (12).

Reaction to Competition
White ash is a pioneer species that establishes itself on fertile abandoned fields in several parts of the
country. In the Southeast, much of the abandoned agricultural land is incapable of supporting white
ash. On such sites, white ash establishes itself only after some site protection and improvement has
been accomplished by pines. However, pioneer ash often do not develop into good timber trees
unless other hardwoods or pines are also present to provide competition and reduce branchiness.
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Open-grown trees commonly remain single stemmed and fine branched until they are 9 to 12 ni (30
to 40 ft) tall, although old specimens can become as broad crowned as an elm. With even slight
crowding, the single-stemmed characteristic can easily be maintained throughout a rotation. Shadekilled branches drop quickly-small ones within a year or two and larger ones within 4 or 5 years
(16).
Uninjured terminal buds suppress the growth of all lateral buds on the current year's growth, and
they suppress the growth of other laterals to such an extent that each internode has only one pair of
branches that persist more than a few years. Even the strongest lateral branches grow only half as
fast as the terminal except on old, open-grown trees. Little or no epicormic branching occurs on the
boles of released trees. The branches of dominant trees emerge from the bole at about a 35° angle
from the vertical, whereas the branches of intermediate trees emerge at about a 55° angle (16).
When young, white ash is a shade-tolerant tree. Seedlings can survive under a canopy with less than
3 percent of full sunlight but grow little under these conditions. Seedlings that receive sufficient
sunlight grow rapidly. With increasing age, white ash becomes less tolerant of shade and is classed
overall as intolerant. The decrease in shade tolerance with increasing age is reflected in the fact that
young white ash is abundant in the understory of northern hardwood stands, but few grow into the
overstory unless provided with light from above.
Despite its low shade tolerance, white ash is characteristic of intermediate as well as early stages of
natural plant succession. Throughout its range it is a minor but constant component of both the
understory and overstory of mature forests on suitable soils. It owes its position in the final
overstory to its ability to persist for a few years in moderately dense shade and to respond quickly to
openings in the canopy created by death or other causes.
White ash can be maintained more easily in a dense stand than can some of its more shade-intolerant
associates, such as northern red oak. In contrast, dominant or codominant white ash responds
readily to thinning and within a few years will increase its crown area to take full advantage of any
reasonable release (16).
Damaging Agents
Ash decline (also called ash dieback) is the most serious problem affecting white ash. Especially
prevalent in the northeastern part of the tree's range, this disease complex occurs from the Great
Plains to the Atlantic coast between 39 and 45 degrees north latitude (10). The disease, ash yellows,
caused by mycoplasma-like organisms (MLO), has been found associated with most of the dying trees
where ash decline is conspicuous (9). However, since not all dying trees are infected with MLO, ash
decline is thought to result from multiple causes. Drought-weakened trees may be invaded by
cankercausing, branch-girdling fungi such as Fusicoccum spp. and Cytophorna pruinosa. Additional
stresses that may be involved in the etiology of ash decline are air pollution, leaf-spotting fungi, and
viruses. Control recommendations are based primarily on maintaining good tree vigor (6).
Air pollution damages white ash. It is rated as sensitive to ozone and is severely injured by stack
gases from soft coal consumption and from industrial processes, both of which emit sulfur dioxide.
Two leaf spot fungi, Mycosphaerella effigurata and M. fraxinicola, are common in nurseries and in the
forest and cause premature defoliation of white ash. Anthracnose (Gloeosporium aridum) also causes
premature defoliation and is most serious following exceptionally wet springs. An ash strain of
tobacco ringspot virus causes chlorotic areas on the leaves and has been associated with ash dieback.
A rust (Puccinia peridermiospora) distorts petioles and small twigs. Cankers caused by Nectria
galligena may cause branches to break but are rarely found on main stems. Heartwood rots may be
caused by Perenniporia fraxinophilus, Phellinus igniarius, Pleurotus ostreatus, Tyromyces spraguei,
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and Laetiporus sulphureus. These organisms usually enter through wounds or broken branches,
mainly on older trees.
Of 26 species of nematodes reported from the roots or root zones of white ash, only one,
Meloidogyne ovalis, has been associated with root injury. However, nematodes can be vectors for the
ringspot virus (5).
Of the insect pests, the oystershell scale (Lepidosaphes ulmi) is the most serious. Severe infestations
cause yellowing of the leaves, and if prolonged, may kill some trees. The cottony maple scale
(Pulvinaria innumerabilis) also attacks white ash.
The brownheaded ash sawfly (Tomostethus multicinctus) and the blackheaded ash sawfly (Tethida
cordigera) are defoliators that are of concern mainly on ornamental trees. The forest tent caterpillar
(Malacosoma disstria) and the green fruitworm (Lithophane antennata) feed on forest trees and
occasionally cause complete defoliation within small geographic areas. The larvae of sphingid mothsSphinx chersis (the great ash sphinx), S. kalmiae, and Ceratornia undulosa-feed on the leaves of white
ash, as does the notched-wing geometer (Ennomos magnaria). The larvae of two leaf roller moths,
Sparganothis dilutocostana and S. folgidipenna, also feed on ash.
The ash bark beetle (Leperisinus aculeatus) may cause slight injury when the adults bore into the
bark to hibernate. The ash borer (Podosesia syringae) may seriously damage young shade and
shelterbelt trees. The ash and privet borer (Tylonotus bimaculatus) attacks and kills branches,
especially on older trees. Both the red-headed ash borer (Neoclytus acurninatus) and the banded ash
borer (N. caprea) colonize cut logs and dead or dying trees (1).
White ash seedlings are easily damaged or destroyed by deer and cattle browsing. Rabbits, beaver,
and porcupine occasionally use the bark of young trees for food.
Special Uses
One of the earliest reported uses of white ash was as a snake bite preventive. Ash leaves in a hunter's
pocket or boots were "proved" to be offensive to rattlesnakes and thereby provided protection from
them. Seeds of white ash are eaten by the wood duck, bob white, purple finch, pine grosbeak, and fox
squirrel. White ash is used in yard, street, and roadside plantings and also has been planted on strip
mines with some success.

White Pine
Eastern White Pine
Pinaceae -- Pine family
G. W. Wendel and H. Clay Smith

Pinus strobus L.

Eastern white pine (Pinus strobus), also called northern white pine, is one of the most valuable trees
in eastern North America. Before the arrival of white men, virgin stands contained an estimated 3.4
billion m³ (600 billion fbm) of lumber. By the late 1800's most of those vast stands had been logged.
Because it is among the more rapid growing northern forest conifers, it is an excellent tree for
reforestation projects, landscaping, and Christmas trees and has the distinction of having been one of
the more widely planted American trees.
Soils and Topography
The major soil orders found in the white pine range are Inceptisols, Ultisols, Spodosols, Entisols, and
Alfisols (14,50,66). In New England the important subgroups are excessively drained or somewhat
excessively drained sandy deposits or stratified sand and gravel deposits. Most of the parent
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materials are glaciofluvial deposits-subgroups Typic Udorthents, Typic Haplorthods, and Typic
Udipsamments; glacial tills-subgroups Lithic Dystrochrepts and Lithic Haplorthods; or weathered
igneous rocks (loose crystalline fragments mainly from weathered Conway granite)-subgroup Lithic
Haplorthods (42).
In northern Minnesota, Eutroboralfs, Haplorthods, Udipsamments, and Hapludalfs are among the
most common of the great groups (2). They are similar to the soils of New England and are more or
less freely drained and have developed on glacial outwash or till material.
Dystrochrepts, Fragiodults, and Normudults are the major great groups occupied by white pine in the
central Appalachian Mountains (45). These soils are weathered from acid shales and sandstones,
either in place (residual soils), deposited on lower slopes (colluvial material), or along stream
terraces (alluvial material). The soils are generally well drained and have a coarse loamy to a fine
loamy texture.
Soils within the range of white pine are derived from granites, gneisses, schists, and sandstones, and
less commonly from phyllites, slates, shales, and limestones. In the northern part of the Lake States
and southern Canada, white pine is usually confined to soils derived from basalts, gabbro, diabase,
and granites (70). Most of the area was covered by the Wisconsin glaciation so the soils are young
and have weakly developed profiles (67). In New Hampshire, white pine is found on granite-derived
soils and on metamorphic crystalline schists (42). From central Pennsylvania south and in
southwestern Wisconsin, the soils are much older, generally are finer textured, and have well
developed profiles.
White pine grows on nearly all the soils within its range (71), but generally competes best on well
drained sandy soils of low to medium site quality. These soils permit fair growth of white pine but
not hardwoods. On these sandy sites, white pine regenerates naturally, competes easily, and can be
managed most effectively and economically (40,47). On medium-textured soils (sandy loams), it will
outproduce most other native commercial species in both volume and value (47). White pine also
grows on fine sandy loams and silt-loam soils with either good or impeded drainage when there is no
hardwood competition during the establishment period-as on old fields and pastures, bums, and
blowdowns. It has been found on clay soils and on poorly drained or very poorly drained soils with
surface mounds. It can be very productive on these sites but usually occurs only as individual trees or
in small groups (47). This pine should not be planted in heavy clay soils. Poorly drained bottom land
sites and upland depressions are also poor choices for planting (6).
At various places within white pine's range, site quality has been related to combinations of soil and
topographic characteristics such as texture and thickness of the A and B horizons, depth and
permeability of the underlying rock or pan, depth to the water table, natural drainage class,
topographic position, slope percent, and aspect. In the unglaciated regions of Ohio and central
Indiana, site quality for white pine increases as the soil becomes coarser in texture and declines as
the moisture equivalent and wilting percentage increase in the A and B horizons (71). But thickness
of the A horizon had the greatest influence on rate of growth.
In Massachusetts white pine site quality increased with the increase in silt and clay fraction of the A
horizon, with higher pH value of the B or C horizon, with increased stone and gravel fraction greater
than 2 mm (0.08 in) in the A horizon, with greater nitrogen content in the A horizon, and with higher
percent organic matter in the B horizon (46). In general, the higher site indices are associated with
the poor soil drainage classes. On reclaimed soils, white pine should not be planted on sites with a pH
of less than 4.0 (6).
In New Hampshire, the average height of dominant and codominant trees increased as the soil
tended to be less well drained (7,71). Site productivity in Maine showed the following responses:
increase with a reduction in soil drainage; increase with pH increases in surface mineral horizons;
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decrease with increased content of stones larger than 0.6 cm. (0.25 in) in the C horizon, but increase
with the contents of stones in surface horizon; increase with thickness of the A horizon; increase with
soil depth to a bulk density of 1.40 or greater; increase with increasing availability of soil moisture in
the upper 76 cm (30 in) of soil (59).
In the southern part of its range, white pine grows best on soils along rivers and streams and grows
somewhat more slowly on well drained sites (22). The growth of white pine in plantations in eastern
Tennessee was found to decrease with increased plasticity of the B horizon (71).
Pine often grows better than some of its associates on poor soils or sites, such as in northeastern
Iowa where white pine was 8 site index points better than oaks on the poor soils (71). In a
comparison of site index and growth of 10 species in the southern Appalachians, white pine exceeded
all species in growth, except on the best sites, where yellow-poplar outranked it in height only. In
New England, white pine frequently pioneers on abandoned agricultural land but only on the welldrained to excessively drained deposits-outwash, sandy tills, and shallow bedrock. White pine may
form part of the climax (edaphic) on the driest of these materials or may alternate with oak (42).
In New England and New York, white pine generally grows at elevations between sea level and 460 m
(1,500 ft), occasionally higher. In Pennsylvania, the elevation ranges from 150 to 610 m (500 to 2,000
ft) (71). In the southern Appalachians, white pine grows in a band along the mountains between 370
and 1070 m (1,200 and 3,500 ft) above sea level, occasionally reaching 1220 m (4,000 ft). In
Pennsylvania and the southern Appalachians, most white pine is found on northerly aspects, in coves,
and on stream bottoms. Elsewhere, aspect seldom restricts its occurrence (71).
Associated Forest Cover
White pine is a major component of five Society of American Foresters forest cover types (70): Red
Pine (Type 15), White Pine-Northern Red Oak-Red Maple (Type 20), Eastern White Pine (Type 21),
White Pine-Hemlock (Type 22), White Pine-Chestnut Oak (Type 51). None of these are climax types,
although the White Pine-Hemlock type may just precede the climax hemlock types, and Type 20 is
very close to a climax or an alternating type of climax on the sandy outwash plains of New England
(42). White pine occurs in 23 other forest types:
1 Jack Pine
5 Balsam Fir
14 Northern Pin Oak
18 Paper Birch
19 Gray Birch-Red Maple
23 Eastern Hemlock
24 Hemlock-Yellow Birch
25 Sugar Maple-Beech-Yellow Birch
26 Sugar Maple-Basswood
30 Red Spruce-Yellow Birch
31 Red Spruce-Sugar Maple-Beech
32 Red Spruce
33 Red Spruce-Balsam Fir
35 Paper Birch-Red Spruce-Balsam Fir
37 Northern White-Cedar
39 Black Ash-American Elm-Red Maple
44 Chestnut Oak
45 Pitch Pine
53 White Oak
57 Yellow-Poplar
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59 Yellow-Poplar-White Oak-Northern Red Oak
60 Beech-Sugar Maple
108 Red Maple
White pine also grows with pitch pine (Pinus rigida), jack pine (P. banksiana), shortleaf pine (P.
echinata), sweet birch (Betula lenta), bigtooth aspen (Populus grandidentata), quaking aspen (P.
tremuloides), black cherry (Prunus serotina), black oak (Quercus velutina), white oak (Q. alba), and
various hickories (Carya spp.). The ground vegetation in a white pine stand varies greatly, as
evidenced by the number of forest cover types in which it is a major or minor component. Beneath
pure or nearly pure stands of white pine, understory plants usually are sparse compared to those in
the pine-hardwood mixtures (70).
In general, on dry sites the understory vegetation is usually of one or more species of blueberries
(Vaccinium spp.), teaberry (Gaultheria procumbens), dwarf bush-honeysuckle (Diervilla lonicera),
sweetfern (Comptonia peregrina), bracken (Pteridium aquilinum), clubmoss (Lycopodium spp.), and
broomsedge (Andropogon virginicus). The moist, rich sites support a ground vegetation made up
principally of several species of woodsorrel (Oxalis), partridgeberry (Mitchella repens), wild
sarsaparilla (Aralia nudicaulis), jack-in-the-pulpit (Arisaema spp.), and hay-scented fern
(Dennstaedtia punctilobula). Intermediate sites have ground vegetation containing various amounts
of the above with dogwood (Cornus spp.) and false lily- of-the -valley (Maianthemum canadense).
Rooting Habit
The form and distribution of the white pine root system vary with the soil characteristics. The
normal root system has just a vestige of a taproot. Usually three to five large roots spread outward
and downward in the soil, giving the tree a firm anchor under most conditions. In deep, coarsetextured soils, sinker roots that branch from the laterals and grow straight down seem to be fairly
common, but they are seldom found in other soils. A concentration of fine roots within the H, A, and B
horizons seems to be greatest where the soil is fine textured, with good structure and consistency,
and a relatively high moisture equivalent (71). A high total exchange capacity and a relatively high
content of exchangeable bases, total nitrogen, and organic matter also favor the concentration of
roots.
Much root grafting occurs in white pine stands (12). Regardless of either stand age, soil
characteristics, or drainage class, root grafting occurred in 30 to 67 percent of dye-injected trees in
five white pine stands in New Hampshire, Maine, and Vermont. Exposure of the root systems
indicated that often several trees, rather than two or three, were united by root grafts. Root grafting
indicates that competition may be a factor in white pine growth for the first 5 to 10 years of a stand.
Thereafter, root grafts begin to form, and the stand may function as a union of grafted trees
interspersed with individual trees.
Reaction to Competition
White pine is intermediate in shade tolerance, and vegetative competition is a major problem (60).
Although it will tolerate up to 80 percent shade, tree growth increases as shade is reduced (6). It can
achieve maximum height growth in as little as 45 percent full sunlight (60). In competition with lightfoliaged species such as the birches and pitch pine, white pine usually gains dominance in the stand.
It can grow successfully in competition with black walnut (15). Against the stronger competition of
species such as the aspens, oaks, and maples, however, white pine usually fails to gain a place in the
upper canopy and eventually dies (71). Pure stands of white pine seldom stagnate because of
inherent variations in vigor. This characteristic is more pronounced on better sites and in natural
stands than in plantations (6).
In Ontario, on upland sites white pine and its associates are rated in decreasing order of shade
tolerance as follows: balsam fir (Abies balsamea), sugar maple (Acer saccharum), American beech
(Fagus grandifolia), eastern hemlock (Tsuga canadensis), white spruce (Picea glauca), yellow birch,
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white pine, black spruce (Picea mariana), gray birch (Betula populifolia), red oak Quercus rubra), red
maple (Acer rubrum), red pine (Pinus resinosa), jack pine, trembling aspen, bigtooth aspen, and pin
cherry (Prunus pensylvanica) (71).
In the seedling stage, white pine is very susceptible to competition because its height growth is slow
compared to most of its associates. If white pine survives to the sapling stage, its ability to compete is
greatly improved (71).
At either stage, the response to release depends primarily on how strong the competition has been
and how long the pine has been in a subordinate position. In general, pines less than 30 years old
with at least one-third of their height in live crown respond well, but response declines
proportionately with increasing age and decreasing crown length.
White pine may function as a pioneer, as exemplified by its role as the old field pine of New England.
It may function as a physiographic climax species on the drier, sandier soils. It may function as a
long-lived successional species, and it may be a component of climax forests throughout its range. In
Canada, however, it is considered that many of the present white pine stands are edaphic or pyric
relicts and that present climatic conditions are against its maintenance as a major species (71).
Pure natural stands of white pine almost never stagnate. Because of differences in vigor, age, and site,
differentiation into crown and diameter classes usually occurs. Dominance is more pronounced on
the better sites, at the greater stand densities, and in natural stands as compared to plantations (71).
White pine has been regenerated successfully by a wide variety of methods including clearcutting,
seed tree, shelterwood, and group selection (44). If there is abundant advanced reproduction,
overstory removal is all that is necessary. Clearcutting during or just after heavy seed crops often
results in well stocked stands on light soils. Clearcutting in small patches or stands with seed
dispersed from adjacent stands is also possible. Because of competition from other vegetation and
poor seed crops, mechanical site preparation and planting may be necessary sometimes in
conjunction with clearcutting.
Where esthetic considerations are important, group selection may have merit. Probably the most
versatile reproduction method is the shelterwood method. By control of overstory density with a
series of shelterwood cuts, seedbed conditions may be improved; an accumulation of advanced
seedlings is obtained over a period of years; protection of seedlings on hot, dry aspects is afforded;
weevil attacks are reduced; and competition from herbaceous and hardwood sprout vegetation is
suppressed. Two, three, or more cuts spread over a number of years may be used, but usually white
pine can be regenerated successfully with a two-cut shelterwood system. Seed cuts should be timed
to take advantage of good seed crops, but timing of the final cut is not critical.
Trees in pure second-growth stands of white pine are noted for their limbiness. The limbs live for
about 15 years and persist on the trunk for more than 25 years after they die. In the first log of these
stands, there is an average of about 60 limbs (71). Pruning has been recommended to increase
quality production. If possible, pruning should begin early when branches are less than 5 cm (2 in) in
diameter but not before dominance is expressed. At least 25 percent of the live crown and up to 50
percent in closed stands can be pruned without losses in height growth. To realize full benefits of
pruning, only potential crop trees should be pruned and stands should be thinned to maximize
growth (24). In Canada, pruning is recommended on fast-growing trees in stands 35 to 80 years old
because of the inefficiency of pruning smaller trees and the lengthened rotation and probable growth
reduction in older stands (34). This recommendation assumes that the highest returns will accrue if
the trees are allowed to grow for another 40 years before harvest.
Damaging Agents
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There are a total of 277 insects and 110 disease organisms known to attack white pine. Only 16
insects and 7 diseases cause sufficient injury or mortality to be of concern. The three most important
are white pine weevil (Pissodes strobi), white pine blister rust (Cronartium ribicola), and Armillaria
mellea (63). The white pine weevil kills the terminal shoot, which may include the last 2 or 3 years of
growth. The tree is seldom killed unless it is very small; lateral branches from the highest live whorl
turn upward to produce new terminal shoots. Bole crook and loss of stem length result from this
injury (71). There is evidence that white pine provenances differ in resistance to weevils but even the
lowest levels of injury are unacceptable (25).
Among other insect enemies are white pine aphid (Cinara strobi), which causes damage to twigs and
branches of large trees and sometimes kills small trees; white pine sawfly (Neodiprion pinetum),
which feeds on old and new foliage; Zimmerman pine moth (Dioryctria zimmermani); the Allegheny
mound ant (Formica exsectoides), which injects formic acid into the tree tissue; pales weevil
(Hylobius pales), which feeds on bark of young twigs and seedlings; pine root collar weevil (H.
radicis); European pine shoot moth (Rhyacionia buoliana), which feeds on buds and twigs causing
crooked trunks and branches; eastern pine shoot borer (Eucosma gloriola), which attacks terminal
needle sheaths, often causing bushiness after repeated attacks; introduced pine sawfly (Diprion
similis), which feeds on foliage and may defoliate an entire tree in one season; and white pine cone
borer (Eucosma tocullionana), which feeds on white pine cones and is a potentially serious pest (5).
White pine blister rust (Cronartium ribicola) is highly virulent throughout the range of white pine.
Trees are susceptible from the seedling stage through maturity. Blister rust can cause high losses
both in regeneration and in immature timber stands (71).
Red ring rot caused by Phellinus pini is the most important heart rot of white pine. The fungus enters
through wounds, dead limbs, or tips killed by weevils. Losses are greater in older trees but do not
build up rapidly. Haematostereum sanguinolentum, a wound parasite, is probably the third most
destructive fungus associated with white pine. It usually enters through pruning wounds (71).
Phaeolus schweinitzii causes one of the most common and destructive root rots. A root rot caused by
Heterobasidion annosum is found particularly on white pines growing on poorly aerated soils.
Thinnings appear to increase the incidence of this disease (71). Armillaria mellea destroys much of
the white pine seedling and sapling reproduction for distances up to 9 m (30 ft) from hardwood
stumps. The fungus radiates and girdles pines at the root collar and causes resinosis (33). Other root
rots that attack white pine are Inonotus tomentosus and Scytinostroma galactinium. Many fungi
invade white pine foliage. The most serious damage is caused by Bifusella linearis, which attacks
first-year needles; Scirrhia acicola, which can cause spring shedding of all needles; and Capnodium
pini, which causes surface sooty mold on aphid secretions on needles.
Three categories of nursery diseases are pre-emergence and post-emergence damping off, most
commonly caused by Rhizoctonia solani, Fusarium spp., Pythium debaryanum, P. ultimum, and
Phytophthora cinnamomi; damping off and root collar rot caused by the preceding fungi and
Cylindrocladium scoparium and Diplodia pinea; and foliage and succulent stem blights caused by
Cylindrocladium scoparium, Diplodia pinea, Phacidium infestans, and Rhizina undulata. In the field,
seedlings may be attacked by Armillaria mellea and by most of the fungi observed in the nursery. In
3- to 10-year-old plantations in Pennsylvania, Verticicladiella procera was identified (65).
The bark on exposed roots and the stem in second-growth white pine stands is thin, and fire
resistance is low. Losses invariably are heavy after a fire, with mortality continuing for several years.
Also, fire injury is probably responsible for introducing disease agents. If fires occurred more
frequently than once in 10 years, white pine reproduction might be eliminated (53). Old trees have
thicker bark and are at least moderately resistant to fire.

Bussell Forest Consulting

Pike Property 2011 8
0
The species is relatively windfirm. if permitted full development, but in dense stands, wind damage
may be expected from an occasional severe storm, particularly after a recent partial cutting (71).
Wind-deformed trees are subject to later compression failures in the bole. Also, white pine is
damaged by deer browsing; ice and snow, which often cause limb and stem breakage; sulfur dioxide
in stack gases resulting from large scale burning of coal and oil refining; fluorine gas from brick kilns;
atmospheric ozone; and sea-salt spray (11,26,33,58).
Special Uses
Although the genus Pinus is used by wildlife for food and cover, few specific observations of eastern
white pine have been noted. Some species of songbirds that consume seeds of white pine are the
yellow-bellied sapsucker, black-capped chickadee, white-breasted nuthatch, pine warbler, pine
grosbeak, and the red crossbill. Some mammals that eat seeds, bark, and foliage of white pine are
beaver, snowshoe hares, New England cottontails, porcupine, red and gray squirrels, mice, and
white-tailed deer (48).
White pines are useful in urban plantings. Trees grown from seeds obtained in Prince Edward Island,
Nova Scotia, or in adjacent regions of New Brunswick, Maine, and New Hampshire may be more
suitable than trees obtained from other regions (27). They usually have more compact crowns and
are more resistant to snowbreak; they grow more slowly, have darker blue-green color, and seem to
be more resistant to air pollutants than trees from other origins.
White pine has been used extensively for stabilizing strip-mine spoils. In the anthracite region of
Pennsylvania, white pine survived well on spoils that fell within the pH range 5.1 to 6.5, and growth
was better on lower slopes of the spoils than on upper slopes (18). On bituminous spoils in West
Virginia, white pine survived best on spoils having a pH greater than 4.0 (13). Growth on the spoils
was slow for the first 5 years, but total height exceeded that of Scotch pine (P. sylvestris), and red
pine at 10 years.
The bark of white pine is used as an astringent and an expectorant, and the wood has been used to
produce white pine tar, which is used as an antiseptic, expectorant, and protective (38). White pine
wood has medium strength, is easily worked, and stains and finishes well. It is used for furniture,
patterns, matches, and many other items. White pine is also planted for Christmas trees. The foliage
has a good color and responds well to shearing (19).
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V.

Wildlife Species Information

Figure 35: Wildlife Management District 14

Ruffed Grouse ("Partridge")
Physical Characteristics
Ruffed grouse are the most widely distributed game bird in North America. They rank
among the smaller of the 10 species of grouse native to North America with weights
ranging from 17 to 25 oz. The subspecies that inhabits Maine is the St. Lawrence or
Canada ruffed grouse. Plumage of the ruffed grouse is subtly and beautifully marked
in a way that blends remarkably with their habitat. Conspicuous markings are the
broad black band of the fan-like tail feathers and the patch of dark feathers on both
sides of the neck that can be expanded umbrella-like into a ruff. There are two color
phases of ruffed grouse, red and gray. The gray phase is predominant in Maine.
Ruffed grouse are monomorphic, that is birds of both sexes, and birds that have lost
their juvenile plumage, all look alike. The most reliable method of determining sex of
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a bird is by examining its internal organs. In the field, a rough guess can be made by
looking at the relative length of the tail to the body. The female grouse has a tail
about as long as her back, whereas the male's tail appears longer than his back.
Habitat. Ruffed grouse occur throughout Maine in cover types of hardwood
dominated mixed growth, softwood dominated mixed growth, upland hardwoods,
lowland hardwoods, old fields,and orchards. Approximately 27,690 square miles of
Maine is forest land and is considered grouse habitat, but the quality of the habitat
varies widely according to the interspersion of age classes and forest types. Fire can
create mixed-age stands of aspen that is considered premier ruffed grouse habitat.
Because of the small home range of grouse, good habitat must meet all food,
shelter, and drumming requirements within a small area (generally less than 30
acres).
Food habits. Ruffed grouse are omnivorous; they eat green leaves, fruits, and some
insects. During winter, when snow covers the ground, they live almost exclusively on
the dormant flower buds or catkins of aspens, birches, and cherries. Aspen is
generally regarded as the most important single year-round food for ruffed grouse in
Maine. Grouse chicks feed on insects, a high protein food that helps them double
their weight during their first week of life.
Reproduction. With the onset of spring, male ruffed grouse become aggressively
territorial and defend an area of woodland approximately 6-10 acres in size. Male
grouse then proceed to "drum" - a territorial display which also serves to advertise
their location to females.
Females are receptive to, and mate with, displaying males for only a few days. After
fertilization occurs, they leave the male and seek nesting cover. Most ruffed grouse
nests are located at the base of trees in open hardwood stands, although other sites
(such as the base of stumps, under slash, bushes, or brush piles) are commonly
used. The clutch normally numbers 9 - 14 eggs, which are laid over a period of
approximately 2 weeks. The eggs are incubated about 24 days, and all the eggs
hatch within a few hours of each other during late May and early June. Young ruffed
grouse are precocial (able to move about shortly after hatching), therefore they are
capable of moving to brood range (forest openings created by fire, logging, etc.)
after only 3 or 4 days. Both eggs and brood are vulnerable to predation by foxes,
weasels, skunks, raccoons, hawks, owls, and other predators, including dogs and
cats. The hen will try to protect the eggs and young by feigning injury ("broken wing
act") or bluffing to draw the predator away. Over a third of the nests may be broken
up before the eggs hatched. When the young are about 12 - 14 weeks old, the
families begin to break up and a general fall dispersal begins.
Longevity. Few grouse in the wild live beyond 3 years, however, an occasional bird
can live to be 7 years of age or older in the wild.
Movements. Grouse are generally active during the day, particularly shortly before
sunset. They are not active during the night, except drumming males may drum
during the night, particularly on moonlit nights. Home ranges of adult females are
roughly 30 acres, but becomes smaller during egg-laying, and is smallest when
females are incubating eggs. Juvenile females can have home ranges exceeding 100
acres during the winter. The males territory is roughly 10 acres, depending on the
quality of the habitat and proximity to other male territories. Its territory generally
consists of a drumming log, fairly thick cover, and a source of food and water. Once
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established in its territory, a male may never venture more than 600 - 800 feet from
its drumming log the rest of its life. Both young males and females can disperse
several miles before finding suitable habitat to set up their home ranges.
Do You Know The Difference Between Ruffed Grouse and Spruce Grouse
Spruce Grouse
Immature male spruce grouse; female is similar, but without red eye patch (inset-male spruce grouse)
Behavior
generally act very tame; may allow a hunter or a slow-moving vehicle to approach
to within a few feet
Immature male spruce grouse; female is similar, but without red eye patch (inset-male spruce grouse)
will often "crouch" low to the ground when approached
when finally ready to move, will often run only a short distance, or fly only to a
nearby tree
Physical Characteristics
tail feathers have red-brown tips and lack the broad
grouse

black band of the ruffed

male spruce grouse are slate gray and black above
red patch of skin above the eye

characteristic unfeathered

female spruce grouse are gray and brown above and
white and brown below;
under certain light conditions, they may look similar to the red phase of
ruffed grouse
Ruffed Grouse
Male Ruffed Grouse
Behavior
when approached by someone on foot or in a vehicle, frequently "perk" head up
like a chicken
commonly flush and take flight when disturbed
may also lower head, with neck extended, and run for cover
Physical Characteristics

(spruce grouse lack all of these features)

conspicuous broad black band on the tail
black ruff feathers on sides of neck
small feathers pointing up from top of head
Spruce grouse and ruffed grouse can and do occur in the same areas of Maine. In
certain light conditions, they may look similar. Nearly half a million ruffed grouse are
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harvested here annually. Although the Fish and Wildlife Department does not have a
population estimate for spruce grouse, we do know that they are far less numerous
than ruffed grouse -- even considered rare -- in much of Maine.
Currently there is No Open Season on spruce grouse in Maine. As in any hunting
situation, it is imperative that the hunter be certain of his/her target before
discharging a firearm.

White-tails in the Maine Woods
Physical Characteristics
Maine is home to one of the largest of the 30 recognized subspecies of white-tailed
deer. After attaining maturity at age five, our bucks can reach record live weights of
nearly 400 lbs. Most adult bucks, however will normally range from 200 to 300 lbs
live weight, and will stand 36 to 40" at the shoulder. Does are considerably smaller;
they normally weigh 120 to 175 lbs live weight. Newborn fawns begin life at 4 to 10
lbs, but grow to approximately 85 lbs live weight in their first 6 months of life.
White-tails have keen hearing, made possible by large ears that can rotate toward
suspicious sounds. They have wide-set eyes, enabling them to focus on subtle
movements, while maintaining an excellent sense of depth perception. White-tails
have a very keen sense of smell enabling them to sense danger, even when visibility
is poor. Deer have long graceful legs, enabling them to cover ground quickly by
leaping, bounding, turning and outright running at speeds up to 40 mph. Their
trademark white tail, when erected, flashes a danger signal to other deer in the
vicinity.
White-tailed deer communicate using a variety of sounds, ranging from explosive
"whooshes" when startled, to the barely audible mews and grunts a doe uses to tend
to her fawns. Deer are very expressive; they employ a large repertoire of signals
using facial expressions and body language. These postures help to maintain the
dominance hierarchy within all deer groups. Deer also communicate using odors,
which emanate from a number of scent glands. These glands occur between the
toes, on the shins, the hock, the forehead, near each eye, and inside the nose. The
contents of each gland, when rubbed onto a tree or the ground, helps deer to know
who their neighbors are, and what each deer is doing at any given time.
Bucks annually produce antlers, which are made of bone. Triggered by day length
and maintained by hormone production, antlers begin growing in April, and are
nurtured by a velvety outer network of skin tissue and bloodvessels. Velvet is shed
when growth is complete in late August and September. The hardened, polished
antlers remain until they are shed in late December to early March. In white-tails,
antlers allow bucks to advertise and demonstrate their dominance; hence they play a
role in reproduction. A buck's first true set of antlers normally is grown by age 1 ½.
Buck fawns, however, begin growing the antler base at 1 month of age. This base
develops into 2 or 3 inch velvet-covered "nubbins" by early winter. White-tailed does
sometimes produce antlers, but this is rare. Does that do sprout antlers typically are
older (5 to 15 years old); their antlers are usually velvet-covered spikes. Most
antlered does remain fertile.
Each year, deer produce two coats of hair, each adapted to seasonal climate. In late
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spring, deer grow a coat of fine, short reddish hair. This pelage allows ample air
circulation and helps the deer to stay cool in summer's heat. During September, deer
molt to a highly insulative coat which consists of a dense layer of fine woolly hair
under a layer of long hollow brown, gray, and white guard hairs. The guard hairs can
be erected to form a very thick insulative coat, which protects against the cold winds
of winter. Fawns are born with a reddish-brown coat dappled with white spots. This
affords excellent camouflage against detection by predators in the summer. By early
autumn, fawns grow the typical winter coat.
Another adaptation for survival is the deer's habit of storing fat for the winter. In
autumn, deer accumulate fat under the skin, in the viscera, between the muscles,
and in the hollow bones of the legs. This fat layer can comprise 10 to 25% of a
deer's body weight by late fall. In winter, fat is reabsorbed to provide much-needed
energy to supplement inadequate diets of woody browse.
Hunting Tips
Scout early and obtain landowner permission, whenever possible.
Look for deer in wet areas along streams, swamps and lakes during hot, dry
weather.
Hunt during mid-day. Big bucks often move at this time.
Look for the most nutritious foods currently available in your hunting area. Deer
will be nearby.
When you locate doe and fawn family groups, bucks will be there too, anytime in
November.
Natural History
Habitat.
Major habitats that provide food and cover for white-tailed deer in Maine are forest
lands, wetlands, reverting farmlands, and active farmlands. Forest stands containing
little or no canopy closure, wetlands, and reverting and active farmland yield the
largest and best forage within reach of deer. However, stands of mature conifers
with tree height greater than 30 ft. and crown closure of greater than 60% provide
critical winter habitat for deer. Currently, 94% of Maine is considered deer habitat;
this excludes developed parts of the state. In practice, even a portion of Maine's
developed land is currently occupied by deer. Wintering habitat is more limited in
availability, comprising only 2 to 25% of the land base in various parts of the state.
Protection of critical wintering habitat is a major focus of deer management activities
by the Department.
Food habits.
Deer are highly selective herbivores, concentrating on whatever plants or plant parts
are currently most nutritious. Finicky eaters, deer opt for variety over quantity, when
feeding along in the woods and fields. Deer consume grasses, sedges, ferns, lichens,
mushrooms, weeds, aquatics, leaves (green and fallen), fruits, hard mast (acorns,
beech nuts, etc.), grains, and twigs and buds of woody plants. Contrary to popular
belief, deer consume twigs and buds of dormant trees and shrubs only when more
nutritious foods are unavailable. When restricted to woody browse, deer inevitably
lose weight. During the course of the year, deer may browse several hundred species
of plants. A few are highly preferred; many others are consumed only when the best
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have been depleted. Overabundant deer populations can reduce the abundance of
preferred forages, while causing unpalatable plants to become more common.
Extremely abundant deer can literally eat themselves out of house and home. At
these times, hungry deer are underweight, prone to starvation and disease, produce
fewer fawns, grow smaller antlers, and create increased conflicts with homeowners,
gardeners, farmers, forest landowners, and motorists.
Reproduction.
The peak breeding season for deer in Maine occurs during mid-November, although
some breeding may occur in October and as late as January. The onset of the rut in
bucks and estrusin does is controlled primarily by decreasing day length. Does in
estrus are receptive to breeding for roughly 24 hours, and if not successfully bred,
they will come into heat every 28 days, until early winter. Bucks establish and
maintain a dominance hierarchy; typically the majority of does in an area are bred
by the most dominant bucks. Gestation period for deer is roughly 200 days, after
which well-nourished adult does give birth to twins, triplets, and rarely, quadruplets.
Fawn and yearling does typically produce one fawn, if they conceive at all. The peak
fawning season in Maine is mid-June. In a typical year, each 100 Maine does will give
birth to about 130 fawns. However, early fawn losses tend to be high; only 60 to 80
of these young deer typically survive their first 5 months of life.
Longevity.
White-tailed deer can live to 18 years, but few deer in the wild live that long. Does
typically live longer than bucks, presumably because rutting behavior predisposes
bucks to higher losses due to hunting, motor vehicle collisions, physical injuries, and
depletion of fat reserves going into the winter. Deer populations subjected to high
hunting mortality are comprised of predominantly young deer. Conversely, a greater
proportion of deer annually survives to older age classes within lightly hunted herds.
Movements. Summer home ranges (area that an animal lives within) for deer in
Maine are generally 500-600 acres, but can vary from 150 to more than 2,000 acres.
Movement by deer from summer to winter range can vary from less than a mile to
more than 25 miles, depending on availability and suitability of the winter range.
Deer are not generally territorial (defend their home range against intrusion of other
deer). However, pregnant does will defend a small birthing area (less than 20 acres)
against intrusion by all other deer, for about a month.

VI.

Inventory Process

Inventory Plan

Measured Resources
In order to conduct these analyses information different types of information must
be collected. Such data includes GPS data, forest inventory data on overstory,
sapling, and regeneration classes, and qualitative assessment of features and
resources. GPS data must be collected concerning current trails, excluded
properties, fields, and reverted fields. Forest data must be collected concerning
overstory species composition, size, and quality; sapling species composition and
prevalence; and regeneration species composition and prevalence. Potential
wetland conditions can be determined and delineated based on data collection of
vegetation, soil, and hydrology conditions. Further data can be analyzed and field
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verified using existing GIS data sets. Such datasets relevant to this property may
include the NRCS soil survey, State of Maine topography, location of certified deer
wintering areas, NAIP 2009 aerial photography, and NWI wetland inventory all of
which are available from the Maine Office of GIS.
Analysis Areas
The woodlot will be analyzed uniformly with inventory plots systematically located
across the property. The fields, reverted fields, and excluded properties will not be
included in this analysis due to time and economic limitations. The overall property
will be analyzed to establish whether objectives are being satisfied at the propertylevel such as recreation opportunities and wildlife habitat.
Accuracy
The accuracy of the inventory will be expressed in ranges of 95% confidence
intervals (defined in Appendix). The data from this inventory may have a large
range of variability due to stand delineation post inventory. This will provide
baseline data and information about the woodlot and can be useful in the future in
planning a more thorough inventory. The goal of the inventory is to capture the
variation across the woodlot by using a systematic sampling scheme.
Plot Information
Three clustered plots will be established about one plot center. A variable radius
plot using a 10 BAF prism will be used to sample the overstory component. The
benefit to this plot is the ability to capture larger trees that may have an influencing
effect on the plot vegetation but may be located outside the fixed area radius of the
second plot. A fixed area plot will also be used to collect overstory data. This 20th
acre plot will have a 26.3-foot radius and will capture all individuals not already
captured using the variable radius plot. The benefit of this plot is the ability to
capture the sapling, small, and large overstory trees in one plot measurement. A
third mil-acre regeneration plot will also be established at plot center to capture the
smallest trees on the plot. The benefit of this plot is the ability to collect data
regarding which species are successfully regenerating in the current conditions.
Measurements within the Plot
The overstory variable radius plots will be measured with a 10 BAF prism and
species, diameter, and desirable/undesirable condition will be recorded. Diameters
will be measured with a diameter tape and only trees over 8 inches in diameter will
be recorded. At the same plot center a 20th acre fixed area plot will be measured for
further sapling and overstory data. This will have a 26.3 foot radius and all trees
greater than 2 inches in diameter and less than 8 inches will have each diameter
estimated diameter into 1-inch classes and recorded based on species. To calibrate
estimation a Biltmore stick will be used initially and checked periodically to insure
accurate estimation. The regeneration data will be recorded on a fixed mil-acre plot
established at plot center. Here tree species and number of individuals suiting the
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regeneration criteria will be recorded. A tree will count as regeneration if it is less
than 2 inches at DBH and greater than 6 inches in height.
Equipment Used
-Standard Diameter tape
-Biltmore Stick
-Compass
-100 foot measuring tape
-10 BAF prism/Cruise-All
-Mil-acre stick
-Data Sheets (see Appendix)
-Pencils
-GPS unit
Safety Plan
If possible a family member/s will accompany me in data collection. If this option is
not available a check in and out system will be used with family members at home.
They will know where I/we will be heading and about how long I/we expect to be
out. The property is located less than a half-mile from home and is the normal check
in and out system used there.
Inventory Layout
The density of the plots will be distributed over the property using a grid system
with the plot centers located at the intersection points of the grid, as seen in Figure
1 below. The grid lines have been oriented to the North and are 3 chains apart using
a GIS system. This leaves approximately 30 sample points within the approximately
67 acre forested sample area.
Stand Delineation
Stand delineation was determined post-inventory by assessing plot inventory data,
harvest evidence, verbal history, qualitative assessment of stand conditions, and
accessibility to stands. Each stand was determined and delineated according to
these factors later verified according to variation statistics.
VII.

Soil Series Descriptions

PWC—Plaisted-Howland-Penquis
association, strongly sloping, very
stony
Setting
Landform: Glaciated uplands
Description of areas: Areas range from 20 to 600 acres
Frost-free period: About 128 days in the Dover-Foxcroft area and 101 days in the Greenville area,
in 5 out of 10 years.
Composition
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Plaisted soil and similar soils: 30 percent
Howland soil and similar soils: 30 percent
Penquis soil and similar soils: 20 percent
Inclusions: 20 percent
Characteristics of the Plaisted Soil
Position on landscape: Tops and upper side slopes of hills and ridges
Parent material: Dense glacial till
Slope features: Convex
Slope range: 3 to 15 percent
Stones on surface: Up to 3 percent
Depth class of soil over bedrock: Very deep, more than
60 inches
Drainage class: Well drained
Permeability: Moderate in the solum and slow or
moderately slow in the substratum
Available water capacity: High
Depth to restrictive layer: 20 to 30 inches to the dense
substratum
Hazard of flooding: None
Depth to water table: A perched water table is just at
the top or in the cracks of the dense substratum
for short periods in March or April.
Characteristics of the Howland Soil
Position on landscape: Side slopes
Parent material: Dense glacial till
Slope range: 3 to 15 percent
Slope features: Slightly concave to slightly convex
Stones on surface: Up to 3 percent
Depth class of soil over bedrock: Very deep, more than
60 inches
Drainage class: Moderately well drained
Permeability: Moderate in the solum and slow or
moderately slow in the substratum
Available water capacity: High
Depth to restrictive layer: 20 to 33 inches to the dense
substratum
Hazard of flooding: None
Depth to water table: 1.5 to 3 feet, perched, November
to May
Characteristics of the Penquis Soil
Position on landscape: On convex knolls
Parent material: Glacial till
Slope range: 8 to 15 percent
Slope features: Convex
Stones on surface: Up to 3 percent
Bedrock
• 32 inches—calcareous metasiltstone bedrock
Depth class of soil over bedrock: Moderately deep, 20
to 40 inches
Drainage class: Well drained
Permeability: Moderate
Available water capacity: High
Depth to restrictive layer: 20 to 40 inches to bedrock
Hazard of flooding: None
Depth to water table: More than 6 feet
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Included Areas
Similar soils:
• Soils which are moderately well drained with slightly
more clay in one of the layers in the substratum than
the Howland soil.
Inclusions:
• Thorndike soils, shallow to bedrock, somewhat
excessively drained soil on knolls.
• Monarda soils, poorly drained, in drainageways.
Use and Management
The major use for these soils is woodland. A
few areas are used for pasture or are reverting to
woodland.
Cropland and Pasture
These soils are very poorly suited to crops and
pasture because of surface stoniness and slope. A few
small areas used for pasture have had the stones
removed and are suited to hay and pasture. Additional
stone removal is necessary for crops such as corn
silage or oats. Cross-slope farming is recommended as
a minimum practice to prevent erosion where row crops
are grown.
Woodland
The Plaisted and Howland soils have high potential
productivity for eastern white pine, and the Penquis
soil has very high potential productivity. Wetness in
the subsoil from 1.5 to 3 feet in the Howland soil
occurs during spring thaw through April and early May
and from November to freezeup, which occurs with fall
rains. Delaying the use of equipment during these
periods may prevent excessive disturbance to the
surface soil and subsoil. Wetness is not a problem for
the well drained Plaisted and Penquis soils except
during spring thaw.
Wildlife
These soils have good potential for woodland wildlife
habitat. White pine, sugar maple, white birch, balsam
fir, white ash, beech, bigtooth aspen and quaking
aspen may provide food and cover for deer, red
squirrels, bear, ruffed grouse, and other wildlife
species.
Urban land
These soils have severe limitations for septic tank
absorption fields. The Plaisted and Howland soils have
slow or moderately slow permeability in the dense
substratum, which results in a slow percolation rate.
The Plaisted soil may have a thin layer of water
moving laterally just above the dense substratum for a
few days in March or April during snowmelt. The
Howland soil has a seasonal high water table. The
Penquis soil has bedrock between 20 to 40 inches
below the surface. Raised beds can be designed to
overcome these problems. Follow state or local
regulations when installing septic systems.
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PtC—Plaisted silt loam, 8 to 15 percent
slopes
Setting
Landform: Glaciated uplands
Description of areas: Areas range from 6 to 21 acres in
size.
Frost free period: About 128 days in the DoverFoxcroft area and 101 days in the Greenville area,
in 5 out of 10 years.
Composition
Plaisted soil and similar soils: 85 percent
Inclusions: 15 percent
Characteristics of the Plaisted Soil
Position on landscape: Side slopes of hills and ridges
Parent material: Dense glacial till
Slope features: Convex
Stones on surface: Nonstony
Depth class of soil over bedrock: Very deep, more than
60 inches
Drainage class: Well drained
Permeability: Moderate in the solum and slow or
moderately slow in the substratum
Available water capacity: High
Depth to restrictive layer: 20 to 30 inches to the dense
substratum
Hazard of flooding: None
Depth to water table: A perched water table is just at
the top or in the cracks of the dense substratum
for short periods in March or April.
Included Areas
Similar soils:
• Soils that have subangular blocky structure in the C
horizon.
• Soils that have subsoil colors which are not as red
as those in the Plaisted soil.
Inclusions:
• Howland soils, moderately well drained, in concave
areas.
• Penquis soils, well drained, moderately deep, in
convex areas.
• Chesuncook soils, moderately well drained soils that
have somewhat more clay than Plaisted soils, located
in concave areas.
Use and Management
The major uses of the Plaisted soil in this map unit
are for pasture and hay. Some areas are used for
cultivated crops, such as corn and strawberries. A few
areas have reverted to woodland or have been planted
to Christmas trees, or to red pine or larch.
Cropland and Pasture
This soil has severe limitations for its most common
uses, pasture and hay. Slope is the major limitation.
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The slope makes it difficult to use equipment safely
and increases potential erodibility, which can reduce
yields through loss of topsoil. Use adequate
conservation practices when plowing or reseeding the
soil to reduce the loss of topsoil. Cross-slope farming
is recommended as a minimum practice.
Woodland
The potential productivity of this soil is high for
eastern white pine, red spruce and red pine. This well
drained soil has slight limitations for the use of forestry
equipment during spring thaw in March and early April.
Minor uses of this soil include Christmas tree
production and plantations of red pine and larch.
Wildlife
This soil has good potential for openland wildlife
habitat and good potential for woodland wildlife habitat.
Plantings of timothy, clover, corn, and alfalfa can
furnish food for deer. Quackgrass, goldenrod,
dandelions, and quaking aspen, when established
naturally in open areas and near field edges, provide
food and cover for ruffed grouse, doves, field sparrows,
blue birds, woodchucks, red foxes, and other wildlife
species.
Urban land
This soil has severe limitations for septic tank
absorption fields. The upper 20 to 30 inches of this well
drained Plaisted soil has acceptable percolation rates
for effluent; however, below that depth, water
percolates slowly through the dense substratum. The
Plaisted soil may have a thin layer of water present
moving laterally just above the dense substratum for a
few days in March and April during snowmelt. The
included Penquis soil is limited for septic tank
absorption fields by the bedrock 20 to 40 inches below
the soil surface. Raised beds can be designed to
overcome the insufficient depth over the dense
substratum. Follow state or local regulations when
installing septic systems.

ToC—Thorndike-Abram complex, 8 to 15
percent slopes
Setting
Landform: Glaciated uplands
Description of areas: Areas range from 6 to 80 acres in
size. The principal soils occur as areas so
intricately mixed that mapping them separately is
not practical.
Frost-free period: About 128 days in the Dover-Foxcroft
area and 101 days in the Greenville area, in 5 out
of 10 years.
Composition
Thorndike soil and similar soils: 55 percent
Abram soil and similar soils: 30 percent
Inclusions: 15 percent
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Characteristics of the Thorndike Soil
Position on landscape: Sides and tops of knolls and
ridges
Parent material: Glacial till
Slope features: Convex
Stones on surface: Nonstony
Depth class of soil over bedrock: Shallow, 10 to 20
inches
Drainage class: Somewhat excessively drained
Permeability: Moderate
Available water capacity: Low
Depth to restrictive layer: 10 to 20 inches to
bedrock
Hazard of flooding: None
Depth to water table: More than 6 feet
Characteristics of the Abram Soil
Position on landscape: On sides and tops of knolls
Parent material: Glacial till
Slope features: Convex
Stones on surface: Nonstony
Drainage class: Excessively drained
Permeability: Moderate rapid
Available water capacity: Very low
Depth to restrictive layer: 1 to 10 inches to bedrock
Hazard of flooding: None
Depth to water table: More than 6 feet
Included Areas
Similar soils:
• Soils that have a more yellow color in the subsoil
than the Thorndike soil.
Inclusions:
• Penquis soils, moderately deep, well drained soils,
downslope from the Thorndike soils.
• Rock outcrop, exposed bedrock on knolls.
• Thorndike soils on small areas of 3 to 8 percent
slopes.
Use and Management
The major use of these soils is hay and pasture. A
few areas have reverted to woodland.
Cropland and Pasture
The Thorndike soil in this unit has severe limitations
for cropland because of depth to bedrock, slope, and
low available water capacity. The Abram soil is
unsuited to row crops because it is too droughty. This
unit is best used for pasture and hay.
Woodland
The potential productivity of the Thorndike soil for
white spruce is very high, and it is high for eastern
white pine. The potential productivity for white spruce
and eastern white pine on the Abram soil is moderately
high. These soils have a moderate and severe
windthrow hazard because of the shallow and very
shallow depths to bedrock soil.
Wildlife
The Thorndike soil has fair potential for openland
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wildlife habitat and poor potential for woodland wildlife
habitat. The Abram soil has very poor potential for
wildlife habitat. Plantings of timothy and clover can
provide food for deer.
Urban land
These soils have severe limitations for septic tank absorption fields. The main limitations are
fractured
bedrock at 10 to 20 inches in the Thorndike soil and
bedrock at less than 10 inches in the Abram soil.
Offsite sewage disposal may be necessary. Follow
state or local regulations when installing septic
systems.

VIII.

Apple Tree Management

Upland Wildlife Habitat Management
Apple Tree Release and Pruning
Figure 1 - Before Release and Pruning

Figure 2 - After Release and Pruning1Background and Purpose
Background and Purpose
Wild apple trees provide a good source of food (fruit, browse, nectar) and cover for a
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variety of game and nongame wildlife. A few trees can provide a food source but, an old
abandoned orchard with grasses, forbs, shrubs and small trees provide excellent habitat to
a variety of species that require early-successional habitat. Early successional habitat is
typically transitional and requires different levels of disturbance to be maintained.
Examples of early successional habitats include grassland, idle fields, shrubby areas, and
young forest. While there are four native crabapples in North America, there are
apparently none native to Vermont. Regardless, this non-native tree is not invasive and is
considered an important agricultural crop and important wildlife tree. Wild apple trees
can be found throughout Vermont, in field and forest, either as a relict of past home sites
and planting or through seeding from wildlife. This provides plenty of opportunity for
landowners who want to improve habitat on their property. Generally the apple trees are
found in prior open areas such as old clearings, idle fields and field edges because the
tree grows best in full sunlight. As the forest matures around the apple trees, they are
crowded and shaded and loose their vigor and ability to fruit. In addition, as the apple tree
grows, it will ‘crowd’ itself as internal branches compete for space and sunlight which
limits fruiting. By following these simple steps you will be able to improve the growing
conditions for these trees, improve flowering and fruiting, and potentially provide early
successional habitat. The most effective way to improve productivity of wild apple trees
is to provide for direct sunlight. Like most fruit-bearing trees and shrubs they grow best
in full sun. Increased amounts of sunlight can be provided to the apple tree by cutting the
surrounding trees and shrubs that are competing for nutrients, water, space and sunlight.
This is called ‘apple tree release’; it ‘releases’ the apple tree from competition and
improves vigor and fruiting ability. Annual pruning is another way to ensure improved
tree health and fruiting.
Tree and Area Selection
When evaluating your property to determine where to focus your efforts, decide where
you can provide the best wildlife habitat for the effort. By choosing one or two isolated
trees to release it may provide a potential food source but may have limited additional
benefits. Selecting old orchards or areas where there are numerous trees together will
provide the necessary trees for cross pollination and also provide early successional
habitat. A two acre opening around and encompassing the apple trees will provide either
food, cover or both for various species such as deer, turkey, grouse, bear, chestnut-side
warblers, and other early successional species. Determine what other important habitats
(e.g. softwood cover) or mast sources you have on your property and in and around your
apple trees. These are all potential cull trees that will be cut if you choose to release those
apple trees. You probably don’t want to cut multiple trees or shrubs that may be
important mast producers (e.g. cherry, serviceberry, viburnums, dogwoods, oak, beech,
etc.) just to release a lone apple tree. It is all about making good decisions for your
property based upon what is available and your objectives.
Release Techniques and Guidelines
Examine the apple trees and choose the healthiest ones to retain if they are growing in the
same general space. Remove any trees that are growing into the tree and all other shrubs
and trees growing next to the apple tree or underneath it, within the drip line of the tree’s
canopy (see Figure 1 and 2). Remember that direct sunlight is critical for restoring apple
trees. Depending on the size and location of the surrounding trees, this may require
removal of large over topping trees that are shading the apple tree. In most circumstances,
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this will require removal of all shading trees to the East, West and South of the apple tree.
To increase the use of the apple trees by grouse and other species, it is a good idea to
leave thick brushy cover nearby, preferably on the North side. An alternative to complete
removal of shade trees is girdling. Girdling involves the removal of bark and cambium
from the target tree through the use of cuts that encircle the entire tree. Girdling destroys
the cambium so no growth can occur and disrupts the flow of water and nutrients in the
tree. To girdle a tree, remove a band of wood and bark all the way around the trunk. The
band should include at least one-half inch of wood and be about two inches wide, if done
with an axe (See Figure 3). Girdling can also be done with a chain saw: two encircling
cuts will be required, to a depth of one to two inches (See Figure 4). Girdling may be
easier and safer on large trees and can be beneficial to wildlife because you are creating a
snag (dead or dying tree). Snags are important because they can provide feeding, nesting
and roosting sites for a wide variety of wildlife.
Ax and Chainsaw Girdles1 Girdled Black Locust Trees
Pruning Techniques and Guidelines Figure 51
Pruning should be completed in late winter (late February – early April) and certainly
before bud break while the tree is still dormant. When removing a branch or limb, look
for the “branch collar,” a ring of tissue around the base of the branch. Cuts should be
made at the branch collar, but not farther back (see Figure 5). Do not cut flush with the
main stem. This collar is needed for proper healing of the pruning cut. Remove all the
diseased and dead branches and limbs from the apple tree. Cut these off with a pruning
saw or pruning shears as close to the living tissue as possible. It is advisable to clean
pruning tools before starting another tree to avoid transferring viruses or fungi. Options
for disinfecting are 1:10 bleach to water, rubbing alcohol, or flaming the tools. Be aware
that bleach can be corrosive to some metals. Remove one to three limbs to open up the
canopy of the tree. This will let more sunlight into the remaining canopy. Don’t remove
more than one third of the apple tree’s canopy, since this would over-stimulate shoot
growth. It is better to spread out big pruning jobs over a few years. Remove branches that
cross or rub against one another or that are drooping and low. When pruning, it is best to
select for strong branches with wide crotch angles (near 90 degrees) to the main stem.
Limbs with narrow crotch angles (angle between limb and trunk) are weak, can
development bark inclusions, and tend to break under the weight of a crop or snow (see
figure 6).
Remove upright growing shoots or ‘water sprouts’. Water sprouts are excessively
vigorous and rarely fruit well See Figure 7. Many times you will see water sprouts the
year after ‘topping’ (pruning large, upright or vertical branches) or ‘tipping’ (cutting
lateral branches between nodes). Minimize ‘topping’ and ‘tipping’ and try to work with
the shape of the existing tree instead of trying to shape it to the way you think it should
look. These trees do not have to have perfect form to provide fruit for wildlife. If it is
desirable to redirect a limb to fill in a gap, prune the limb just above a bud facing in the
direction you want the new limb to grow. Be sure to leave the short spur branches that
grow on the sides of larger branches because these are the fruit bearing branches.
Consider creating brush piles for wildlife from the cull trees and branches from the apple
tree.
Maintenance
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Remove new trees that sprout up beneath and around the apple tree to ensure that they do
not shade it. Shrubs beneath the tree should also be removed. However, allow shrubs
sprouting in the openings around the tree to grow. Prune water sprouts and other branches
as needed.
Figure 7 General Pruning Techniques Diagram2
Resources for More Information - Much of the information and figures found in this
document were adopted from these publications
1Wild Apple Trees for Wildlife - University of Maine Cooperative Extension Bulletin
#7126
http://www.umext.maine.edu/onlinepubs/htmpubs/7126.htm
Managing Grasslands, Shrublands and Young Forests for Wildlife – Northeast Upland
Habitat Technical Committee, 2006: Managing
Abandoned Orchards and Apple Trees
http://www.wildlife.state.nh.us/Wildlife/Northeast_Hab_Mgt_Guide.htm
2How To Prune Trees – US Forest Service
http://www.na.fs.fed.us/spfo/pubs/howtos/ht_prune/prun001.htm
The United States Department of Agriculture (USDA) prohibits discrimination in its
programs on the basis of race, color, national origin, sex, religion, age, disability, political
beliefs and marital or familial status. (Not all prohibited bases apply to all programs.)
Persons with disabilities who require alternative means for communication program
information (Braille, large print, audiotape, etc.) should contact the USDA Office of
Communications (202) 720-2791.
To file a complaint of discrimination write USDA, Director, Office of Civil Rights,
Room 326-W, Whitten Building, 14th and Independence Avenue, SW, Washington, DC
202509410 or call (202) 720-5964 (voice or TDD). USDA is an equal opportunity provider and
employer.
Figure 6 -Wide and Narrow Crotch Angles
Note the water sprouts that should be pruned
Article from: efotg.nrcs.usda.gov/.../JS645VT_AppleTreeRelease_FillableForm.pdf
IX.
Blueberry Management
Blueberry Facts:
http://www.youtube.com/theuniversityofmaine#p/search/0/Ix_nt6Ti0mk
X.

Water Quality BMPs
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XIII. Additional Stand Management Information/Techniques
Tree Growth Program:
http://www.maine.gov/revenue/forms/property/pubs/bull19text.htm
Sustainable Fir Tipping: http://www.youtube.com/watch?v=TR_pCzYamE&feature=youtu.be
Blueberry Facts:
http://www.youtube.com/theuniversityofmaine#p/search/0/Ix_nt6Ti0mk
Apple IPM work:
http://www.youtube.com/theuniversityofmaine#p/u/22/Jx6LZ1yXfrg
Emerald Ash Borer Alert:
http://www.umaine.edu/umext/forestry/PDF/FirewoodWarning.pdf
Links to Extension Forestry Resources:
http://www.umaine.edu/umext/forestry/Forestry/ManagingYourForest.htm
Recreation Trail Design:
http://www.extension.umn.edu/distribution/naturalresources/DD8425.html
Conservation Leaders of Tomorrow:
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http://clft.org/
Maple Syrup Resources
http://umaine.edu/forestry-wildlife/maple-syrup-production/
Tapping How to:
http://extension.umaine.edu/publications/7036e/
General Wildlife Species Link
http://www.maine.gov/ifw/wildlife/species/index.htm
Wildlife Land Management Resource:
http://www.wildlife.state.nh.us/Wildlife/Northeast_Hab_Mgt_Guide.htm
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Table of FVS Species Codes.
Species Code
AB
BF
EH
GA
GB
NCBH
NWC
RM
RS
SM
ST
WA
WS
YB

XI. Glossary
Common Name
American Beech
Balsam Fir
Eastern Hemlock
Green Ash
Gray Birch
Non-commercial Beaked
Hazel
Northern White Cedar
Red Maple
Red Spruce
Sugar Maple
Striped (Moose) Maple
White Ash
White Spruce
Yellow Birch

Scientific Name
Fagus grandifolia
Abies balsamea
Tsuja canadensis
Fraxinus pennsylvanica
Betula populifolia
Corylus cornuta
Thuja occidentalis
Acer rubrum
Picea rubens
Acer saccharum
Acer pensylvanicum
Fraxinus Americana
Picea glauca
Betula alleghaniensis

Regeneration- tree seedlings or saplings that indicate potential future forest cover
compositions
BA- short for basal area, refers to the cross-sectional area of a tree at diameter
breast height and on a per area basis refer to stem density
TPA- short for trees per acre, is a population measure
Overstory- trees 4.5 inches at diameter breast height or larger that compose the
main canopy cover
Sapling- young trees in the 2 and 3 inches diameter classes at breast height
Stand structure- refers to the vertical stratification (layers) of the canopy and may
refer to the diameter distribution of trees in the stand
Wetland- area which meets the 3 criteria of wetland functions for soil, plants, and
hydrology and may serve common wetland functions: flood storage, wildlife
habitat, water quality filtration, etc.
Wetland delineation- a means of assessing the 3 wetland functions and determining
a line or delineation for the feature
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95% confidence intervals- a statistical measure of the 95% probability of the
average or calculation falling within stated range
NRCS- Natural Resources Conservation Service formerly the Soil Conservation
Service and creator of soil type maps
NWI- National Wetland Inventory conducted by the U.S. Fish and Wildlife Service
providing wetland maps nationally
NAIP- National Agriculture Imagery Program providing ortho aerial photos on a
periodic basis
GPS- Global Positioning System uses satellites and GPS receivers to reference
specific positions on the Earth
GIS- Geographic Information System is a computer software type that allows for
manipulation of GPS data and related layers and features in map creation
Systematic sampling- a sampling scheme dependent on a grid or even distribution of
population sample points
Random sampling- a sampling scheme dependent on a random generation of point
locations with no bias in location
BAF- basal area factor a trigonometric measure used in prisms and Cruise-Alls to
help determine tree basal areas quickly and efficiently in inventory
measurements
Prism- a glass tool with trigonometric design for basal area measurement in forest
inventories
Variable radius plot- a plot with no fixed area where trees are measured with basal
area factor devices with counted trees dependent on their diameter in
relation to their distance from plot center
Fixed area plot- a fixed area plot has a fixed radius with all trees of specified criteria
within the circle being measured and easily extrapolated to per acres
calculations
Mil-acre plot- a fixed one-thousandth acre plot usually used in inventorying
regeneration
Chain- an English measurement equivalent to 66 feet.
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Dbh- diameter at breast height
Cruise-All- tool with multiple basal area factors used in measuring variable-radius
plots
Silviculture- “variously defined as the art of producing and tending a forest, the
application of knowledge of silvics in the treatment of a forest; or the theory
and practice of controlling forest establishment, composition, structure, and
growth” (Smith et. al. 1997)
Soil Series- a local level of soil classification developed by the USDA Soil Taxonomy
classification system
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