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ABSTRACT 

 

Beech bark disease (BBD) is an insect mediated, fungal disease complex that 

threatens the current health and future of Wisconsin’s American beech forests.  The 

insect component of BBD was first identified in Wisconsin in September, 2009, but the 

extent and severity of the infestation has not been adequately studied.  Michigan forests 

have experienced high mortality of American beech due to BBD and the complex has 

spread quickly throughout the state since its identification in 2000.  Forest Inventory and 

Analysis plot data, provided by the USDA Forest Service, has identified significant 

amounts of American beech in Wisconsin’s forests concentrated on the east coast along 

Lake Michigan and on the Menominee Indian Reservation.  BBD has the potential to 

have a significant impact on Wisconsin’s beech forests if early detection and 

management is not implemented.   

The two goals of this study were, 1) to measure the biological response of 

American beech to BBD, and 2) to determine if BBD could be detected by using natural 

color, 1 and 2 meter resolution aerial orthophotography.  The study relied on ground data 

collected using the Beech Bark Disease Monitoring Impact and Analysis System 

(BBDMIAS) methodology and aerial imagery provided by the National Agriculture 

Imagery Program (NAIP). 

We found, through a number of non-parametric analyses, that trees with BBD 

were less healthy than those without BBD.  Beech trees with BBD had significantly 

higher crown transparency and dieback, lower vigor, and more damages compared to 

trees without BBD.  A repeated measures ANOVA indicated no significant difference in 

red-band reflectance within disease free sites in Wisconsin, whereas a 2-sample t-test 
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comparing the mean reflectance values of diseased sites to the reflectance values of non-

diseased sites indicated a significant increase in mean reflectance in the red-band.  

Biological ground data, in combination with image classification techniques, were not 

able to accurately detect tree mortality.  Aerial photography analysis methods and 

BBDMIAS were used complementarily to provide a more comprehensive knowledge of 

the detectability of BBD in Wisconsin and Michigan forests.  Further research 

incorporating additional spectral data, e.g., color infrared, over longer time scales has 

great potential to yield more detailed information that land managers and researchers 

could use to measure and track BBD over wide spatial and temporal scales.  
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INTRODUCTION  

In the first comprehensive study of beech bark disease (BBD) in North America, 

Ehrlich (1934) found that roughly 90% of American beech (Fagus grandifolia) trees in 

diseased stands were infected by the fungus that would later be identified as the invasive 

Neonectria faginata.  When Ehrlich (1934) began studying the disease complex it was 

only known to exist in Nova Scotia, southern New Brunswick and in localized 

populations in Maine and Massachusetts.  BBD is currently present and widespread in all 

of the New England States, New York, Pennsylvania, and West Virginia.  It is also 

occurs in North Carolina, Virginia, Tennessee and Michigan (USDA Forest Service Pest 

Explorer).  As of 2014 there have been no confirmed reports of Neonectria faginata in 

Wisconsin but the beech scale, Cryptococcus fagisuga, has been found.  BBD affects 

>50% of the total basal area of beech in the United States but only occurs in <30% of the 

potential BBD host range (Morin et al. 2007).  In other words, while the disease has 

already been in contact with over 50% of the beech resource in the U.S., it is currently 

limited to about one-third of its potential geographical range.   

BBD is an insect-fungus complex that affects both American beech and European 

beech (Fagus sylvatica)(Houston 1994a).  It involves colonization of host trees by beech 

scale, and at least one fungal pathogen of the genus Neonectria (Ehrlich 1934; Spaulding 

et al. 1936; Houston 1994a).  The two principal species of Neonectria fungi associated 

with BBD in North America are Neonectria faginata and N. ditissima (formerly N. 

galligena) (Rossman and Palm-Hernandez 2008).  The former is the primary fungal 

species involved in the disease and is thought to infect American beech exclusively 

(Houston 1994a).  The latter is an endemic pathogen known for causing perennial target 
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cankers on a range of hardwood species including: red maple (Acer rubrum), sugar maple 

(Acer saccharum), yellow birch (Betula alleghaniensis) and American beech (Ferrandino 

et al 2005; McCullough et al. 2005).   The beech scale feeds by inserting its needle-like, 

piercing-sucking mouthpart (stylet) into areas of the tree where the bark is most rough 

(Houston et al. 1979; Lonsdale 1983; Burns and Houston 1987).  The stylet pierces the 

bark tissue, enters the cortex and phloem and allows the insect to feed on vital amino 

acids (Ehrlich 1934; Dadd and Mittler 1965; Wainhouse and Gate 1988).  Infestations 

often start near old branch stubs, under large branches, or sometimes beneath moss or 

lichens (Houston et al. 1979; McCullough et al. 2005).  As it feeds, the insect repeatedly 

removes and reinserts its stylet wounding the tree and providing entry sites for fungal 

pathogens (Hale et al. 2006).   

The primary cause of mortality in beech trees affected by BBD is girdling; (Koch 

et al. 2010) this occurs because of the trees compartmentalization response to tissue 

damage caused by the combined feeding of the beech scale and fungal action.  Before 

suffering mortality, trees affected by BBD develop a myriad of stress related disease 

symptoms.  They suffer annual fungal lesions on the bark (i.e., cankers), have reduced 

radial growth, experience crown dieback and become increasingly susceptible to wind 

damage (Gavin and Peart 1993; Houston 1994a; Papaik et al. 2005).  Further, infected 

trees usually experience a reduction in crown density and an increase in transparency 

(Thompson 2003).  Leaves emerging in the spring do not mature but remain on the trees 

and become chlorotic later in the summer (Le Guerrier et al. 2003; McCullough et al. 

2005).  Like other systemic tree stressors, BBD induced stress has the potential to change 
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the spectral qualities of leaves.  This occurs when leaf chlorophyll concentrations are 

altered in response to metabolic disturbance (Knipling 1970).    

Leaf color, which is the visible expression of photosynthetic pigments like 

chlorophyll, has long been relied upon as an indicator of plant stress (Carter and Knapp 

2001).  Measuring changes in the spectral characteristics of vegetation in specific areas of 

the incident solar radiation spectrum (~400-2,500nm) can provide detailed and useful 

information.  Leaf responses to conditions that inhibit growth generally involve increased 

reflectance in the visible spectrum 380-760nm (Rossotti 1983).  A number of studies 

have described an increase in reflectance throughout that region in response to various 

stressors including biological (Ahern 1988), UV-B radiation (Bornman and Vogelmann 

1991), nutrient deficiency (Carter et al. 1989; Zhao et al. 2003), and gaseous pollutants 

(Carter et al. 1992, 1995).  Carter (1993) found consistent significant increases in 

reflectance in the green band (491-575nm) and red band (647-760nm) regardless of 

whether the stress was caused by dehydration, pathogen, senescence, ozone, or herbicide.  

Research suggests that increased reflectance in the far-red (720-760nm) portion of the 

visible spectrum is a particularly generic response to stress and that it provides an earlier 

or more consistent indication of stress than reflectance in the other regions of the incident 

solar spectrum (Carter, 1993, 1994; Carter et al. 1996).   

Since the discovery of BBD in the United States in the 1930s, both land managers 

and scientists have expressed the need for wide spatial scale (e.g., stand, regional, 

landscape) datasets.  Generating those datasets through ground surveys is costly and 

requires training and extensive fieldwork.  Remote sensing techniques, particularly aerial 

photography, offer the advantage of rapid data acquisition over large spatial scales with 
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generally short turnaround times.  As the cost of high resolution imagery continues to 

decline, it also has the potential to be considerably less costly than ground surveys.  The 

National Agriculture Imagery Program (NAIP) collects high resolution (1 and 2 meter 

ground sample distance) ‘leaf on’ imagery during peak growing season, June through 

August, using aircraft and a combination of film and digital cameras.  The default 

spectral resolution of the imagery is 3-band natural color where reflectance 

measurements are recorded across the entirety of the visible light spectrum, including the 

Red (647-760nm), Green (~490-575nm), and Blue (~380-490nm) (RGB) portions.  Most 

imagery collected before 2010 is available for free and may be acquired through a variety 

of providers. The combination of American beech’s physiological response to BBD, 

and suggested link between plant stress and an increase in reflectance in the red visible 

portion of the electromagnetic spectrum, indicates that remote sensing technologies and 

image processing represent a potentially useful tool in interpreting the condition of beech 

affected by BBD.  This study was developed to measure the physiological response of 

American beech to BBD at the canopy level using natural color aerial orthophotography.   

 

LITERATURE REVIEW 

BBD Background 

As noted above, there are two principal species of Neonectria fungi associated 

with BBD in North America.  Spaulding et al. (1936) and Cotter and Blanchard (1981) 

found that N. ditissima only readily colonized beech-scale infested bark and rarely 

colonized healthy beech.  In many cases N. faginata spread to stands infected with N. 

ditissima and replaced the species as the dominant pathogen (Houston 1994b; Kasson and 
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Livingston 2009).  Feeding by C. fagisuga seems to facilitate fungal infection in some 

stands, yet details of this scale-fungus interaction remains difficult to obtain or 

demonstrate (Houston 2005).  Because these conditions are often difficult to identify and 

reproduce accurately, verification of the scale-fungus relationship has depended in large 

part on careful observation of the timing and consequences of each particular organism, 

and on experiments to clarify portions of the relationship (e.g., Houston 1992; Latty et al. 

2003).  What is known about the BBD complex is that trees usually succumb and die 

within 5 to 10 years after the initial infestations of beech scale depending on site quality 

and the level of other environmental stresses (Hale et al. 2006). 

The progress of BBD across the landscape has been described as occurring in 

three stages.  The first stage, known as the “advancing front” consists of rising C. 

fagisuga populations coupled with little or no Neonectria. The “killing front” follows and 

is characterized by large populations of C. fagisuga, severe Neonectria infection, and 

high beech mortality. The final stage, the “aftermath”, consists of evidence of prior 

mortality, few large residual trees, beech regeneration composed primarily of small trees 

of root sprout origin, lower levels of beech mortality, and smaller populations of scale 

insects as well as Neonectria (Shigo 1972; Houston 1975).  Trees developing in the 

presence of the casual complex are often rendered highly defective but mortality is rare 

(Shigo 1972).  This study utilizes data from all three stages of BBD at the plot level. 

Remote Detection of Plant Stress 

Visually assessing the presence or absence of a plant-pest interaction in some 

cases is straightforward; however, there are reports of problems associated with the visual 

evaluation of the intensity of the interaction (Sherwood et al. 1983; Nutter and Pederson 
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1985). That is, it is often difficult to accurately assess the magnitude of the effect that a 

pest has on a host plant.  This is due, in large part, to the fact that plants respond to stress 

in many different ways.  Responses include, but are not limited to: the closing of stomata, 

wilting, curling, stunting, chlorosis, necrosis, and/or abscission of plant parts (Nutter 

1990).  In quantifying these responses, remote sensing technology has the potential to 

provide an objective and reliable alternative to ground based visual assessment methods 

(Nutter et al. 1990).  For a majority of its history the use of remote sensing to assess the 

spectral quality of light reflected from leaves, manifested in leaf color, has been relied 

upon as an indicator of plant stress (Carter and Knapp 2001).   

Leaf reflectance responses to environmental conditions that inhibit growth 

generally involve increased reflectance in the visible, (380-760nm) (Rossotti 1983) and 

decreased reflectance in portions of the infrared (760-2,500nm) spectra (Carter 1993).  

The changes in reflectance have been reported in response to agents of stress that are both 

biotic, e.g., bark beetle and Pinus contorta, and physicochemical, e.g., heavy metals 

exposure, and have been shown to be spectrally similar among many common stressors 

and vascular plant species (Ahern 1988; Schwaller et al. 1983; Carter and Knapp 2001).  

Several studies have shown that indices based on reflectance in the far-red can precisely 

estimate leaf chlorophyll concentration (Chappelle et al. 1992; Gitelson and Merzlyak 

1994, 1997; Gitelson et al. 1996; McMurtrey et al. 1994; Lichtenthaler et al. 1996; 

Schepers et al. 1996; Datt 1998, 1999).  This (far-red) optical response to stress is 

explained by the absorption properties of chlorophyll and the tendency of stressed leaves 

to experience decreased chlorophyll content (Carter and Knapp 2001). 
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Diagnosing signs of stress is not limited to the far-red range of radiation, 

however.  Modification of leaf reflectance as a result of stress can be recorded across 

both the visible and infrared spectra in a few ways.  Stress can induce changes in surface 

and internal leaf structure, which alters reflectance in the visible and near-infrared 

regions (NIR; 760-1350nm)(Gates et al. 1965).  It can cause the accumulation of 

secondary metabolites or lead to the breakdown of photosynthetic pigments, which alters 

reflectance in the visible region (380-760nm) (Nilsson 1995; Peñuelas and Filella 1998) 

and it can alter reflectance in the middle-infrared region (1350-2500 nm) with changes in 

water content (Gates et al. 1965).  At the transition from red to near-infrared 

wavelengths, leaf reflectance greatly increases, producing a distinct spectral feature 

referred to as the red edge (Slaton et al. 2001). The positioning of this edge has been 

correlated to chlorophyll content, plant phenological stages, and plant stress (Miller et al. 

1991; Carter 1993; Vogelmann et al. 1993; Gitelson et al. 1996). In contrast, analysis of 

leaf reflectance within the near-infrared region can be used to evaluate the effects of leaf 

structural properties on reflectance, as opposed to leaf chemical constituents such as 

chlorophyll and water (Gates 1970; Hunt and Rock, 1989; Curran et al. 1992).   All of 

these plant property changes can be visualized by reflectance imaging, either in the 

visible spectrum or at infrared wavelengths undetectable by the human eye (Nilsson 

1995; Peñuelas and Filella 1998).  In fact, both Fouche (1995) and Nandris et al. (1985) 

found that near-infrared imaging permitted disease affected trees to be distinguished from 

healthy neighbors.  Carter (1993) found that visible reflectance, particularly in the green 

spectrum (491-575nm) near 550nm and red spectrum (647-760nm) near 710 nm, 

increased consistently in response to stress regardless of stress agent or species and that 
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the differences near 710nm were greater than those near 550nm; he concluded that 

“...increased reflectance in the visible spectrum is the most consistent leaf reflectance 

response to plant stress. Infrared reflectance responds consistently only when stress has 

developed sufficiently to cause severe leaf dehydration.”  Photography or digital imaging 

within these spectrally narrow ranges may provide improved capability to detect plant 

stress not only in individual leaves, but for whole plants and densely vegetated 

landscapes (Cibula and Carter 1992; Carter 1993). 

American beech 

American beech provides food in the form of foliage and beechnuts, foraging 

locations (Holmes and Schultz 1988), nest site locations (Robb and Bookhout 1995), and 

travel pathways facilitated by coarse woody debris (Greenberg 2002).  Further, beech 

masting habits are particularly important to some species of birds (Perrins 1966; Linnard 

1987) and mammals (Jenson 1982; Wolff 1996) that rely heavily on this periodic food 

source.  Evaluations of European beech have established its importance to herbivorous 

and wood-infesting insects (Nilsson and Baranowski 1997), and insectivorous and 

granivorous birds and mammals (Nielsen 1977; Nilsson 1985).  As a co-dominant tree in 

the beech-maple forest type, and an associate species in other forest types, American 

beech also has a significant effect on understory light and moisture regimes (Storer et al. 

2004).  Beech is far less commercially valuable than the other species it occurs with such 

as basswood (Tilia americana), sugar maple (Acer saccharum), and birch (Betula spp.).  

Nonetheless, the mortality of beech affects regional timber markets.  This is due, in large 

part, to beech being a high capacity root sprouter after above ground mortality.  Latty 

(2004) reported that large stem losses are balanced by abundant root sprouting in forests 
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effected by BBD and that, while this means that little volume of beech is actually lost, the 

regeneration of dense stands of small beech stems effectively precludes the regeneration 

of other economically valuable timber species.  Further, Hane (2003) found that this 

condition seemed to be self-perpetuating because infected trees tend to produce copious 

root suckers before dying, which out-compete the seedlings of birch or maple.  Also, 

Kelty and Nyland (1981) and Bohn and Nyland (2003) reported that stands with a dense 

understory of American beech lacked other regeneration, necessitating beech removal to 

ensure establishment of other species.  Understanding the, spatial and temporal response 

of American beech to BBD will help land managers be better prepared to effectively 

manage beech resources to safeguard against the loss of wildlife habitat and potential 

timber sales. 

State of Knowledge – Remote Sensing Techniques 

The use of remote sensing to assess plant physiological characteristics has 

focused on agriculture; specifically the detection of growth, development and yield.  

Manzer and Cooper (1967) were first to recognize that the foliar symptoms of BBD could 

be detected with both natural color and near-infrared films.  Ironically, they published 

this observation in their article outlining the aerial photographic methods to detect potato 

disease (Manzer and Cooper 1967).  No studies have attempted to use remote sensing 

data in the form of color aerial photography to assess the condition of beech affected by 

BBD.  Evans et al. (2005) summed up the current state of knowledge concerning BBD 

and remote sensing when reporting.  “There is a pressing need for research that examines 

patterns and mechanisms at all temporal and spatial scales and that demonstrates the 

economic and ecological importance of beech.  Useful research tools that may provide 
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access to data over large spatial scales and long temporal scales are FIA plot data, remote 

sensing using hyperspectral information, and data from aerial surveys.”  The 

physiological response characteristics of plants coupled with the current state of remote 

sensing technology and the lack of previous data provide an excellent opportunity to 

explore the utility of remotely sensed imagery in determining the condition of beech trees 

affected by BBD.   

 

METHODS 

Plot Design 

Plot setup and data collection methods were adapted from the Michigan Beech Bark 

Disease Monitoring and Impact Analysis System (BBDMIAS).  This system is comprised 

of two plot types: Type 1 (extensive) and Type 2 (intensive).  The Type 1 plot system 

provides baseline data on species composition and health of American beech trees.  Type 

1 plots predominantly consist of one of two transect matrix layouts: 5x6 or 3x10 prism 

points but do not always conform to these dimensions (Figures 1 and 2).  The particular 

transect matrix depends on the stand extent as well as conditions within the stand.  

Observations within the plot are made at 30 points, spaced 40m apart, with the first 

sample point being at least 40m into the stand.   A 10 BAF prism was used at each point 

to determine basal area by species.  The closest beech tree to each prism point was also 

sampled, and the following variables were measured: tree status (live or dead), diameter 

at breast height (DBH), crown density, crown dieback, foliage transparency, crown light 

exposure, tree vigor/condition, crown class/position, tree damage (up to 3 separate 

entries), and % beech scale coverage.  Density, dieback, transparency and damage 
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severity were measured on a scale ranging from 1-100.  The number of damages were 

recorded and vigor ratings were formulated taking into account a number of crown 

measurements.  For example, a vigor classification of 1 is indicative of a crown with 

relatively few dead twigs, foliage density and color that are normal, and occasional small 

dead branches in upper crown or occasional large branch stubs on upper bole.  

Conversely, a classification of 5 indicates an unhealthy tree where over half the crown is 

dead.  For a complete definition of each measurement, see the FIA national core field 

   Figure 1.  A typical 5x6 layout for a type 1 (extensive) plot. 

Figure 2.  A typical 3x10 

layout for a type 1 (extensive) 

plot. 

X X 
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guide (USDA Forest Service).  To recreate each plot layout using aerial photos the 

azimuth and distance from prism point to prism point as well as to each beech tree 

sampled at that point were recorded.  Thirty percent of the Type 1 plots were revisited 

and studied using a Type 2 plot system.  Type 2 plots were designed for the collection of 

long-term data on stand health, composition, and the impact of beech bark disease on 

beech trees and their northern hardwood forest associates.  The Type 2 plot design 

consists of a cluster of fixed-area, circular subplots with one subplot at the center of the 

design and four others 36.6m apart radiating in the four cardinal directions (USDA Forest 

Service) (Figure 3).  The individual circular subplots are 1/59th ha (1/24th ac) with a 

7.32m radius.  For each tree within the subplots the following variables were measured: 

tree species, status, DBH, crown density, crown dieback, foliage transparency, crown 

light exposure, tree vigor/condition, crown class/position, tree damage (up to 3 separate 

entries), and % beech scale coverage.  In both plot types the presence or absence of both 

tarry spotand fungi spores was recorded.  These measurements were made from 

approximately 0.33m off the ground to 3.0m, on the cardinal directions of the tree.  

Presence of discolored foliage, and percent of the crown that was affected, was recorded 

if above 30%.  Foliage damage was recorded separate from the three main damage 

categories because often a tree with beech scale had three or more other damages 

recorded before observing this specific tree crown damage.   

 

Study Sites      

Plot locations were spread across the range of beech in Wisconsin and Michigan 

(Figures 4 and 5).    In Wisconsin, the range of American beech is limited to the eastern 
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portion of the state, with the highest beech densities in Door and Menominee.  In 

Michigan, beech is widely distributed and is highest along Lake Michigan and in the 

eastern Upper Peninsula.  In both Michigan and Wisconsin plots were established 

primarily on public land to ensure ease and consistency of access as well as to prevent 

human disturbance.  However, some plots were placed on private land to ensure 

examples of certain silvicultural treatments, beech densities, level of beech scale 

infestation, and forest types.  Typical beech associates in the study area were: red maple 

(Acer rubrum), sugar maple (Acer saccharum), eastern hemlock (Tsuga canadensis), 

ironwood (Ostrya virginiana) and various oak (Quercus) and birch (Betula) species 

(Appendix 1).  Beech relative basal area in this study refers to the proportion of beech 

trees in relation to the total number of trees using either prism data from Type 1 plots or  

Figure 3.  Design for type 2 (intensive) plot. 

Subplot 4 

Subplot 3 Subplot 1 

Subplot 2 

Subplot 5 

Distance between subplot centers is 36.6 

m (120 ft.) 

Radius of each subplot 7.32 m 

(24 ft.) 



 14  

 

 

 

Figure 4.  Distribution and density of Type 1 plots across the range of American beech in Wisconsin, 2012 

Plots are dense in Menominee County where Menominee Tribal Enterprises manages a valuable timber 

resource and in Door County where the first reports of C. fagisuga were recorded in 2009. 
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Figure 5.  Distribution and density of Type 1 plots across the range of American beech in Michigan, 2005.  

Plots are most abundant in Mackinac, Luce and Alger counties where beech density is high and the effects 

of BBD are very severe. 
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from the fixed area subplots in Type 2 plot configurations.  It ranged from 11.4% to 

70.3% and averaged 31.8% in Michigan.  Beech was a relatively smaller component of 

Wisconsin forests, ranging from 5.79% to 39.39% and averaging 17.72% (Appendix 1).  

The analysis in this study used data from ~70 plots in Wisconsin and ~120 in Michigan.   

Beech scale was first positively identified in Michigan in 2001, and in Wisconsin 

in 2009.  In Michigan, stands ranged from the advancing front to aftermath forests, with 

significant beech mortality present in the northern lower and eastern Upper Peninsulas. In 

Wisconsin, most stands were either unaffected or in the advancing front, with low beech 

scale populations, but mortality was present in Door County.  Neonectria was confirmed 

in Michigan but as of 2014 had not been confirmed in Wisconsin.  Therefore, since beech 

scale and beech mortality were present throughout the study area, BBD (assuming both 

scale and Neonectria) is used in the remainder of this document, even though Neonectria 

had not been confirmed in all of the study areas. 

 

Image Processing 

Countywide 1m and 2m natural color orthophotography, provided by the National 

Agriculture Imagery Program (NAIP), was obtained from the WisconsinView Data Portal 

and the Michigan View consortium.  The ESRI Arc GIS 10 software suite was used to 

digitize and clip 56 plot locations and boundaries within Wisconsin in 2005(1m), 

2006(2m), 2008(1m), and 2010(1m) and 117 plot locations and boundaries within 

Michigan in 2006(2m).  Image acquisition flights in both Michigan and Wisconsin in 

2005 and 2006 took place from June 3
rd

 to July 20th.  In 2008 and 2010 flights were 

conducted from July 1
st
 to August 26

th
.  Overall, the majority of the  images used in this 
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study were collected in July.  ERDAS Imagine
TM

 was used to extract mean red band 

reflectance values from within each of the plot areas using metadata statistics.  To correct 

for illumination inconsistencies and atmospheric effects, radiometric correction was 

employed by way of a histogram matching technique.  To correct for weather variability, 

remote sensing data from Wisconsin in 2008 was used as the baseline for matching.  

According to climatological data provided by the USDA’s drought monitor service, 

conditions across the entire image acquisition area were free of  drought in 2008.  In all 

other years, the drought monitoring service indicated slight to moderate drought 

conditions in some or all of the geographic range of the plot areas.  Using images from 

the drought free period corrected for the potential changes in stand reflectance related to 

abiotic stress.  Arc GIS software was used to create a 20m buffer extending in all 

directions from the plot path.  Since field measurements on individual beech trees took 

place within 20m from each plot point, the buffer generated a total plot area which 

included every tree that could potentially contribute to the field measurements (Figure 6).   

DiGregorio et al. (1999) observed that high mortality rates of large beech trees create 

numerous gaps in the canopy. To determine if image classification could be used to 

detect these gaps, 20 sites were processed using supervised classification to break out the 

near zero reflectance values associated with shaded pixels.  This type of pixel 

classification (supervised) is a procedure whereby the producer selects pixels in the 

image which correspond to either a higher resolution image or non-remote sensing 

reference data.  In this study the latter was used.  Type 1 plots were used in the training 

process of supervised classification (Figure 7).  The red circles are areas that correlated to 

dead trees as indicated by ground data.  The proportion of shadowed pixels, as detected 
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Figure 6. Example of a Type 1 plot digitized and overlaid on 1 meter resolution NAIP natural color 

imagery.  Red band reflectance measurements were calculated by averaging all of the pixel digital 

numbers (DNs) that were contained within each plot area. 

by aerial photography, was then compared to the proportion of dead trees in the same plot 

area according to ground data.  To generate an estimate of near zero reflectance pixels in 

the imagery, the number of dead trees in the stand was multiplied by 80, the average 

number of visible pixels per tree.  Shadows are the primary cause of near zero reflectance 

values and result when a continuous canopy becomes broken.  In this way biological data 

could be used in coordination with remote sensing data to examine canopy openness and 

tree mortality. 

Statistical Analyses 

 Plots containing BBD were split into two groups based on the estimated 

proportion of ‘disease pixels’ (DP) they contained.  The equation used to estimate the 

number disease pixels was: 
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where: t= total pixels contained in the plot area, d= proportion beech, r= percentage of 

beech with a crown position of co-dominant, dominant, or open grown, and s= proportion 

of beech averaging >25% scale coverage. 

DP was then divided by the total number of pixels within the plot to return a 

percentage of disease pixels within the plot area.  The values for t were calculated using 

ERDAS Imagine
TM

, d was calculated using stand relative basal area data, and s was 

calculated using data provided by the individual beech measurements from the Type 1 or 

Type 2 plots.  Trees with >25% scale coverage were used based on preliminary data 

= Near-zero reflectance pixels 

Figure 7. Example a type 1 plots with the areas where training pixels were 

designated for use in the supervised classification.  Areas with mortality 

were located using data provided by type 1 plots. 
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exploration which indicated that trees began to show significant differences in a number 

of the canopy health metrics at the > 25% level.   

To test for differences in reflectance within diseased stands the plots were split 

into two groups, those with 1-5% disease pixels and those with 6-10% disease pixels, and 

then compared using a two sample t-test.  The two groups were chosen based on the 

results of the DP calculations using data from every plot where BBD occurred.  Of all the 

plots containing BBD, only 21 returned a DP value of 1% or higher.  Twenty plots had 

values ranging from 1-9.6% and one plot had a DP value of 22.1%.   

To test for differences in mean reflectance over time across sites containing no 

BBD, a repeated measures ANOVA was used on plot imagery from Wisconsin in 2005, 

2006, 2008 and 2010.  To test for differences between sites with and without BBD a two 

sample t-test was employed using 20 randomly chosen plot images from two pools of 

data.  The first contained non-diseased imagery, acquired in both Wisconsin and 

Michigan, and the second contained images from BBD confirmed sites only.  Since 

Neonectria was not confirmed in Wisconsin during the period of this study, the second 

pool of data contained aerial imagery acquired from Michigan alone.  To further examine 

the relationship between % DP and reflectance, a linear regression was performed using 

40 unique plot locations with varying levels of BBD.  Red band reflectance values were 

converted to albedo for standardization.  Albedo is a measure of  reflected radiation, in 

this case a percentage, where 0 represents no reflectivity, or a body which absorbs all 

incident radiation, and 100 represents total reflectivity, or a body which reflects all 

incident radiation. 
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To analyze the response of beech to BBD, six tree condition measurements were 

examined: crown density, crown dieback, transparency, damage severity, vigor, and 

number of damages.  Vigor and number of damage values were also examined in terms of 

their respective proportions, based on disease severity, among the total population of 

trees.  Trees were split into three diseased groups and one BBD free group.  The three 

disease groups were: trees with 1-25% scale coverage, trees with 26-50% scale coverage 

and trees with greater than 51% scale coverage.  These groups allowed for ample yet 

equal sample sizes among groups; they also provided an indication of tree response to 

light, moderate, and heavy scale infestation levels.  Once separated, the total populations 

of trees in each group were randomized and a sample of 40 was selected from each.  

Because the data were not normally distributed the Kruskal Wallis, non-parametric test 

was used to test for differences across the disease categories within each condition 

measurement.  Mann-Whitney pairwise comparisons were then used to detect where, and 

in which direction, differences occurred.  To control for the experiment-wide error rate 

the Holm-Bonferonni method was used to adjust the p-value generated by the Mann-

Whitney comparisons.  Because the vigor and number of damage variables are ordinal, a 

series of z-tests using the entire dataset (>8000 trees) were used to examine their relative 

proportions in the population.  All statistical tests and descriptive statistics were 

calculated using MINITAB 15. 

 
RESULTS 

Biological Response 

The presence of BBD did not have a significant effect on crown density (p = .198) 

or damage severity (p = .154), but did have a significant effect on dieback and 
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No Scale 

Table 1.  Results of the Mann-Whitney rank sum tests comparing each scale infestation group.  

Asterisks indicate significance within each crown/tree health metric.   

No Scale No Scale 

transparency (Table 1).  Dieback was significantly higher in all groupings of trees with 

BBD (           = 5.0) than on trees without (  = 0.0); however there were no  

 

significant differences between groups containing scale.  Transparency values were 

highest in the 26-50% category (  = 30.0) and lowest in both the 1-25% and 51+% 

categories (  = 20.0).  The no disease category fell in between the two at (  = 25.0).  

Trees with 26-50% scale coverage had significantly higher vigor ratings and more 

damages compared to the no scale category; all other combinations of disease severity 

were not significant in respect to vigor and number of damages.  A significantly greater 

proportion of trees incur multiple damages as the severity of BBD increases (Figure 8).  

Further, in both the 2 and 3 damage categories the proportion of trees with any level of 

BBD is significantly higher than the proportion of trees without BBD (p < .05).  A 

significantly lower proportion of trees had a vigor rating of 1 in the >25% disease group 

than either of the two less diseased groups (p < .05) (Figure 9).  There was also a 

significantly higher proportion of trees with a vigor rating of 2 in the >25% scale 

coverage group.  Trees in the no scale and 1-25% scale categories were not significantly 

different in terms of their vigor classification: this implies that vigor may not be 

significantly reduced until the >25% scale coverage level. 
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* 

* 

Figure 9.  Histogram of the proportion of trees in each vigor classification based 

on disease severity.  Asterisks indicate significantly different (p < .05) groups 

within each vigor rating.   

Figure 8. Histogram of the proportion of trees with at least the number of damages 

listed based on disease severity.  Asterisks indicate disease levels significantly 

different (p < .05) than neighbors within each damage classification where unique 

numbers of asterisks represent unique groups. 

** 
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Figure 10.  Fitted line plot of mean read band reflectance vs. % DP in 40 plots ranging from 0.0% 

to 10% DP.   

Remote Sensing Measurements  

The non-diseased plots in Wisconsin were examined first.  A repeated measures 

ANOVA indicated that there was no significant difference in plot reflectance among the 

years 2005, 2006, 2008 and 2010 (p = .318).  Therefore, reflectance values in an 

individual non-diseased plot remained consistent over a five year period.  Plot values 

within each year were expected to vary at least slightly due to natural variations in stand 

characteristic (i.e., openings, topography, shadows, stand composition and structure, 

etc…) which affect reflectance values.  To see if the imagery could detect differences 

across diseased groups, the reflectance values of two different levels of diseased plots 

were examined.  Mean red band reflectance was not significantly different between the 

DP groupings of 1-5% (   = 110.06, SD = 8.08) and 6-10% (   = 114.14, SD = 8.12) (p = 

.508).  Diseased plots had a significantly higher average red band reflectance (  = 112.07, 
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SD = 8.4) than BBD free sites (  = 97.6, SD = 10.31) (p < .001).  A regression 

analysis with % DP and reflectance found a positive relationship between red band 

reflectance,  converted to albedo, and % DP (N = 40, p < .001, r
2
 = 33.3%) (Figure 10).  

In summary, reflectance levels in non-diseased plots remain consistent over time, 

diseased plots had significantly higher red reflectance values than non-diseased plots on 

average, and there is a positive relationship between red band reflectance and % DP. 

Remotely sensed images consistently produced significantly higher near-zero 

reflectance pixel estimates (   = 3136, SD = 786) than the biological data (   = 1808, SD = 

1203) (p < .001).  This difference, on average, translates to the overestimation of 

mortality by nearly 17 trees per plot.  The overall accuracy of the classification was 

80.60% and the Kappa statistic was .2665 (Table 2).  A kappa statistic of 0 indicates 

agreement equivalent to chance whereas a statistic of 1 indicates perfect agreement.  

Landis and Koch (1977) classify kappa statistics from .2 to .4 as being indicative of fair 

agreement between the two observers, in this case, ground data and aerial photography.   

 

 

Table 2.  Contingency table measuring the accuracy of the near-zero or shadowed pixel 

classification.  The overall accuracy of the classification was 80.60% and the kappa statistic with 

.2665 indicated fair agreement between the aerial photo and the ground data. 



 26  

 

DISCUSSION 

Biological Response 

 The results of this study are largely in agreement with related studies suggesting 

that trees experiencing stress induced by any level of BBD are less likely to be able to 

produce the quantities of food necessary to maintain normal growth and photosynthetic 

ability (e.g., Mize and Lea 1979; Gavin and Peart 1993; Thompson 2003).  Trees with 

any level of scale infestation had significantly higher dieback values than trees in the 

non-diseased category and a larger proportion of diseased trees experienced multiple 

damages than non-diseased trees.  Thompson (2003) reported similar findings from 

Michigan; individual beech trees with scale and beech bark disease had more damage 

than uninfected trees including conks, seams, cracks, open wounds, and decayed areas.  

These patterns in tree response characteristics are most likely the result of the fungal 

damage to the bark and bark parenchyma cells which inhibit the transfer of nutrients and 

carbohydrates efficiently throughout the tree (Wainhouse and Gate 1988).  Thompson 

(2003) also reported that the extent of the surface area affected by bole damage was 

greater when the trees had beech bark disease.  This study,  which used a similar metric 

of disease severity, did not find a significant difference between diseased and non-

diseased trees.  The inclusion of data from Wisconsin, an area that is only in the 

beginning stages of BBD invasion, is a likely reason for this outcome.  Further, the 

diseased group contained a large number of lightly infested trees which, as the vigor 

results in study indicated, were only significantly different at the  >25% level (Figure 9).  

If the data were to have contained a large number of more heavily diseased trees, like 
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those in the ‘killing front’ and ‘aftermath’ forests the result may have more closely 

resembled the findings in other studies (Shigo 1972; Latty 2004).   

The crown transparency results lacked a clear response to disease severity.   Only 

one of the disease categories (26-50%) had significantly higher transparency values than 

the no scale category.  The most severely infected group (51+%) was not significantly 

different than the no scale group and the least severely infected group (1-25%) had 

significantly lower transparency values associated with it than the no scale group.  A 

potential explanation for this could lie in the inherent difficulty of the transparency 

measurement itself.  Like crown density, which did not show a significant difference 

between any disease group, it can be skewed by adjacent trees, overtopped trees, mid-

story vegetation, wind, inclement weather, mechanical damage, and a myriad of other 

microsite factors.  More likely, however, the ambiguity of the transparency results and 

the non-significant effect on crown density are a by-product of the drawbacks of 

measuring BBD severity using only the scale component of the disease complex.  Indeed, 

one of the most glaring deficiencies in BBD research is a means of identifying and 

quantifying Neonectria populations (Witter et al. 2005).  Due to the unpredictable and 

ephemeral nature of the fungal fruiting bodies associated with the disease, it is 

exceedingly difficult to detect the fungi in the field.  The other crucial component of the 

BBD complex, beech scale, is far more easily detected and quantified so researchers use 

it to estimate disease severity, even though C. fagisuga does not apparently cause tree 

mortality on its own (Houston 2005).  Because of the aforementioned difficulty in 

detecting the fungi in the field and subsequently its distribution, it is often assumed that 

Neonectria is present when mortality is observed, even though it may not be confirmed.  
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This is the case for infestations in Wisconsin currently, as Neonectria faginata has not yet 

been positively identified but beech mortality has been observed in Door County.  These 

factors make diagnosing the cause of tree health ailments associated with this disease 

very difficult.  In any case, scale infestation measurements in areas where neither of the 

fungal components have been identified would be more accurately described as an 

estimation of the potential for fungal infection rather than a direct BBD severity metric.   

Another consideration when trying to quantify the interaction between BBD and 

crown health is that these factors interact with each other.  Tree crown conditions could 

affect beech scale populations on trees, in part due to microclimatic effects (Witter et al. 

2005).  Trees with below-normal amounts of foliage may be exposed to more extreme 

heat and drying winds on the tree bole.  In fact, aspect has been associated with varying 

levels of scale infestation where exposed, south facing surfaces specifically support less 

scale (Witter et al. 2005).  High levels of dieback and thinning foliage result in less 

efficient photosynthesis.  A beech in poor condition may only be able to support smaller 

populations of scale, or less fit individuals due to less or lower food quality (Witter et al. 

2005).  While this has not been examined specifically in regards to BBD, it has been 

studied in various other insect-host plant interactions (Awmack and Leather 2002; Delisle 

and Hardy 1997; Ohgushi 1996) 

Results from this study did not find a consistent inverse relationship between 

BBD severity and every tree health metric.  It did, however, show that most metrics (e.g., 

dieback, transparency, number of damages, and vigor) responded to BBD at least one of 

the three infestation scale levels.  The decrease in tree health response was most 

consistent at the 25-50% scale infestation level (Table 1).  Future research that is able to 
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quantify Neonectria populations, or relate Neonectria populations to a metric easy to 

measure in the field,  would provide greater insight and more meaningful analysis of the 

effect of BBD on trees.   

 

Remote Sensing Measurements  

Average red band reflectance levels within years were variable due to plot areas 

being unique in composition, structure, health, and topography.  The photographic 

equipment was able to pick up these differences as reflectance values in non-diseased 

plots from Wisconsin, and values ranged from 79.74 to 118.36.  A repeated measures 

ANOVA revealed that reflectance values from non-diseased stands did not vary 

significantly over time, however.  Over the five years included in the analysis, the 

average red band reflectance in Wisconsin plots was 88.67 and no standard deviation for 

any of the sites exceeded 2.0.  Also, a significant difference between diseased and non-

diseased sites based on their reflectance was found.  These results indicate that the 

difference in reflectance between diseased and non-diseased stands was not the result of 

random fluctuations in reflectance over time.  There was a significant positive 

relationship (p < .001) between red band reflectance, converted to albedo, and % DP 

(Figure 10).  The amount of variation accounted for by % DP (r
2 

= 33.3%), when put into 

the context of the other explanatory sources of variation such as drought conditions, stand 

composition, and general stand health, is not surprising.  Very few study sites were 

dominated by beech in the overstory.  Consequently, most of the variation in stand 

reflectance was the result of the condition of the associated tree species; each of which 

are uniquely affected by abiotic factors and their own set of specialist and generalist 
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pathogens.  This means that the DP method is more or less useful based on the relative 

percent of beech trees in the plot area.  Plots with low relative beech basal area will 

inherently return smaller DP values because occupies a smaller proportion of the spatial 

extent of the canopy.  For example, the overstory of a plot in this study (Plot A) was 

comprised of 52.1% beech.  Of those trees, only 16% had greater than 25% scale 

coverage.  This is the level of scale which, based on the data collected in this study, 

began to affect some of the crown metrics.  Plot A returned a DP value of 8.3%.  Another 

plot (Plot B) had an overstory comprised of 15.1% beech but over 60% had greater than 

25% scale coverage; plot B returned a DP value of 9.2%.  Biologically, Plot B is far more 

severely affected by BBD because a larger proportion of its trees have a substantial 

infestation of scale.  Therefore, without knowledge of stand and overstory composition, 

the DP value does not communicate BBD severity in a meaningful way.  Instead, the DP 

measurement only suggests that trees affected by BBD in both Plots A and B occupy very 

similar spatial extents.  Since the overstory composition and percent scale infestation of 

the 2 plots are drastically different, the DP measurement can be misleading.  Therefore, 

DP may only be reliably used to measure biological BBD severity across study areas 

which contain similar densities of beech.  In that case, an increase in BBD severity would 

correspond proportionally to an increase in reflectance of the plot.  As a result, the 

potential utility of this method to land managers and researchers lies in extrapolating DP 

measures from small areas with known biological characteristics, (i.e., species and 

overstory composition as well as scale infestation levels), to larger ones with similar 

biological characteristics.  Due to the availability and cost of the remote sensing data 
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used this study, the geographical scale at which this method could be used would only be 

limited by the availability of  tree-level biological information.   

The results of the shadowed pixel analysis indicated that there were significantly 

more pixels with a near-zero reflectance per image than estimated by the ground data.  

This is most likely the result of changes in canopy height across each plot.  For example, 

an area of dominant or co-dominant trees would cast shadow on adjacent trees if those 

trees had intermediate or overtopped crown positions because of their difference in 

height.  Ground data from this study  indicated that 40.35% of all beech trees surveyed 

were in the intermediate or overtopped crown position.  Since the shadowed pixel 

calculation using ground data only took into account the shaded areas created by dead 

trees, the additional shade effects caused by relief in the canopy were not accounted for.  

This was likely the primary factor in the disparity between the ground data and remote 

sensing data.  The overall accuracy of the classification was 80.60%.  The omission error 

of the shadowed pixels in this study, or the probability that the shadowed pixels on the 

ground are classified as such, was only 28.54% whereas the errors of omission of the 

non-shadow pixels was 93.55%.  The error of inclusion, or the probability that a pixel 

labeled as a certain land-cover class in the map really is that class, was 52.41% in 

shadowed pixels and 84.03% in non-shadowed pixels.  This means that a user could 

expect about half of the pixels classified as shadowed on the map to actually be 

shadowed on the ground and ~4 out of 5 pixels classified as non-shadow to actually be 

non-shadowed on the ground.  These results indicate that the combination of the ground 

data collection methodology and the specifications of the NAIP imagery should not be 

used to estimate mortality through the examination of near-zero reflectance pixels. 
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This research showed the utility of basic, widely available, remote sensing data in 

detecting and differentiating diseased beech stands from non-diseased stands.  Future 

research should be directed toward using higher resolution spectral, spatial, and 

radiometric multi-band imagery.  This would provide researchers with an opportunity to 

examine more of the electromagnetic spectrum, sense discreet changes in energy, and 

make more precise measurements spatially.  Additionally, research should involve testing 

the efficacy of vegetation indices which are the result of combining surface reflectance at 

two or more wavelengths usually involving the infrared, at isolating and measuring 

disease pixels.   
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APPENDIX 1 

 

Species ID Common Name Scientific Name 

12 Balsam fir Abies balsamea 

94 White spruce Picea glauca 

125 Red pine Pinus resinosa 

129 White pine Pinus strobus 

241 Northern white cedar Thuja occidentalis 

261 Eastern hemlock Tsuga canadensis 

310 Maple sp. Acer sp. 

314 Black maple Acer nigrum 

316 Red maple Acer rubrum 

318 Sugar maple Acer saccharum 

319 Norway maple Acer platanoides 

356 serviceberry Amelanchier sp. 

371 Yellow birch Betula alleghaniensis 

375 Paper birch Betula papyrifera 

402 Bitternut hickory Carya cordiformis 

407 Shagbark hickory Cary ovata 

500 Hawthorn Crataegus sp. 

531 American beech Fagus grandifolia 

541 White ash Fraxinus americana 

543 Black ash Fraxinus nigra 

544 Green ash Fraxinus pennsylvanica 

601 Butternut Juglans cinerea 

660 Apple sp. Malus sp. 

701 Hop-hornbeam Ostrya virginiana 

742 Eastern cottonwood Populus deltoides 

743 Bigtooth aspen Populus grandidentata 

746 Trembling aspen Populus tremuloides 

761 Pin cherry Prunus pensylvanica 

762 Black cherry Prunus serotina 

802 White oak Quercus alba 

804 Swamp white oak Quercus bicolor 

823 Bur oak Quercus macrocarpa 

833 Northern red oak Quercus rubra 

837 Black oak Quercus velutina 

951 American basswood Tilia americana 

972 American elm Ulmus americana 

975 Slippery elm Ulmus rubra 
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Plot Species 

Propor

tion Plot Species 

Propor

tion Plot Species 

Propor

tion 

1 

   

316 16.96% 

 
531 10.53% 

 

318 31.82% 

 

318 6.25% 

 

541 17.54% 

 

402 1.14% 

 

319 1.79% 

 

544 3.51% 

 
531 11.36% 

 

375 13.39% 

 

762 1.75% 

 

544 18.18% 

 

402 2.68% 

 

833 3.51% 

 

762 3.41% 

 
531 19.64% 

 

951 21.05% 

 

833 18.18% 

 

544 2.68% 9 

  

 

951 13.64% 

 

762 1.79% 

 

125 4.20% 

 

972 2.27% 

 

802 0.89% 

 

129 21.85% 

2 

   

823 0.89% 

 

261 9.24% 

 

318 29.47% 

 

833 3.57% 

 

316 24.37% 

 

402 20.00% 6 

   

371 1.68% 

 

407 6.32% 

 

318 22.83% 

 

375 15.13% 

 
531 18.95% 

 

375 3.15% 

 
531 10.92% 

 

701 6.32% 

 

402 10.24% 

 

541 4.20% 

 

762 1.05% 

 
531 12.60% 

 

762 0.84% 

 

951 17.89% 

 

544 3.15% 

 

833 7.56% 

3 

   

701 0.79% 10 

  

 

241 4.55% 

 

746 7.09% 

 

241 0.76% 

 

318 25.00% 

 

762 0.79% 

 

261 18.32% 

 

371 13.64% 

 

802 5.51% 

 

316 3.05% 

 

402 25.00% 

 

823 1.57% 

 

318 12.21% 

 

701 4.55% 

 

833 22.83% 

 

375 14.50% 

 

804 4.55% 

 

951 9.45% 

 
531 19.85% 

 

951 22.73% 7 

   

541 3.82% 

4 

   

129 16.55% 

 

544 3.82% 

 

318 23.26% 

 

316 15.11% 

 

701 0.76% 

 

375 10.47% 

 

318 8.63% 

 

833 13.74% 

 

402 24.42% 

 

375 9.35% 

 

951 9.16% 

 

407 5.81% 

 

402 8.63% 11 

  

 
531 16.28% 

 
531 17.27% 

 

261 31.87% 

 

541 2.33% 

 

544 12.23% 

 

318 30.77% 

 

544 1.16% 

 

701 2.16% 

 

375 3.30% 

 

601 2.33% 

 

833 5.04% 

 
531 17.58% 

 

701 5.81% 

 

837 2.16% 

 

541 4.40% 

 

762 1.16% 

 

951 2.88% 

 

701 3.30% 

 

951 5.81% 8 

   

743 3.30% 

 

972 1.16% 

 

129 5.26% 

 

746 1.10% 

5 

   

318 26.32% 

 

833 4.40% 

 

125 5.36% 

 

375 1.75% 12 

  

 

129 24.11% 

 

402 8.77% 

 

241 2.30% 
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318 34.48% 

 

544 7.25% 

 

371 15.15% 

 

371 1.15% 

 

951 15.94% 

 

375 1.01% 

 

375 9.20% 16 

   
531 18.18% 

 

402 8.05% 

 

94 1.18% 

 

951 3.03% 

 
531 26.44% 

 

261 3.53% 21 

  

 

544 8.05% 

 

318 23.53% 

 

12 1.16% 

 

701 2.30% 

 

371 2.35% 

 

241 1.16% 

 

746 1.15% 

 

375 10.59% 

 

261 12.79% 

 

762 3.45% 

 
531 14.12% 

 

318 29.07% 

 

833 2.30% 

 

543 2.35% 

 

371 9.30% 

 

951 1.15% 

 

544 16.47% 

 

402 3.49% 

13 

   

701 2.35% 

 
531 24.42% 

 

261 5.17% 

 

951 21.18% 

 

544 5.81% 

 

318 25.86% 

 

972 2.35% 

 

951 6.98% 

 

371 0.86% 17 

   

972 5.81% 

 

375 5.17% 

 

261 25.00% 22 

  

 
531 17.24% 

 

318 25.00% 

 

261 28.13% 

 

541 12.07% 

 

375 21.88% 

 

318 25.00% 

 

544 12.07% 

 
531 15.63% 

 

371 14.58% 

 

701 6.03% 

 

743 6.25% 

 
531 22.92% 

 

743 0.86% 

 

833 6.25% 

 

543 3.13% 

 

746 6.03% 18 

   

544 2.08% 

 

762 2.59% 

 

261 20.75% 

 

951 3.13% 

 

833 3.45% 

 

318 27.36% 

 

972 1.04% 

 

951 2.59% 

 

371 8.49% 23 

  14 

   

375 0.94% 

 

261 10.00% 

 

261 6.41% 

 

402 1.89% 

 

310 1.00% 

 

316 10.26% 

 
531 27.36% 

 

318 26.00% 

 

318 32.05% 

 

544 0.94% 

 

371 11.00% 

 

375 5.13% 

 

951 7.55% 

 
531 18.00% 

 
531 19.23% 

 

972 4.72% 

 

544 10.00% 

 

541 5.13% 19 

   

833 3.00% 

 

701 1.28% 

 

318 45.45% 

 

951 21.00% 

 

761 1.28% 

 
531 39.39% 24 

  

 

762 1.28% 

 

544 1.52% 

 

261 19.17% 

 

833 17.95% 

 

701 1.52% 

 

318 25.00% 

15 

   

951 6.06% 

 

371 10.00% 

 

261 26.09% 

 

972 6.06% 

 

375 1.67% 

 

318 30.43% 20 

   
531 23.33% 

 

375 7.25% 

 

129 6.06% 

 

544 5.00% 

 
531 11.59% 

 

261 29.29% 

 

833 9.17% 

 

541 1.45% 

 

318 27.27% 

 

951 6.67% 



 44  

 

25 

   

951 13.68% 

 

743 5.80% 

 

12 1.45% 

 

972 0.85% 

 

833 18.84% 

 

241 2.90% 29 

  

33 

  

 

261 27.54% 

 

261 20.16% 

 

261 13.16% 

 

316 1.45% 

 

316 4.03% 

 

316 3.95% 

 

318 20.29% 

 

318 20.97% 

 

318 17.76% 

 

371 24.64% 

 

371 12.90% 

 

371 13.82% 

 
531 11.59% 

 

375 3.23% 

 
531 15.13% 

 

543 5.80% 

 
531 22.58% 

 

541 1.32% 

 

951 1.45% 

 

833 14.52% 

 

543 2.63% 

 

972 2.90% 

 

951 1.61% 

 

544 14.47% 

26 

  

30 

   

701 2.63% 

 

316 1.03% 

 

261 23.48% 

 

762 0.66% 

 

318 28.87% 

 

316 4.35% 

 

951 13.82% 

 

371 4.12% 

 

318 20.87% 

 

972 0.66% 

 

375 1.03% 

 

371 16.52% 34 

  

 

402 2.06% 

 
531 23.48% 

 

261 0.85% 

 
531 29.90% 

 

701 1.74% 

 

318 24.58% 

 

544 4.12% 

 

743 0.87% 

 

371 11.02% 

 

701 3.09% 

 

833 8.70% 

 

402 2.54% 

 

743 1.03% 31 

   
531 12.71% 

 

802 2.06% 

 

129 6.45% 

 

541 0.85% 

 

833 12.37% 

 

261 16.13% 

 

543 2.54% 

 

951 10.31% 

 

316 6.45% 

 

544 18.64% 

27 

   

318 20.16% 

 

701 5.08% 

 

316 0.97% 

 

371 5.65% 

 

743 0.85% 

 

318 29.13% 

 

375 0.81% 

 

951 20.34% 

 

371 5.83% 

 
531 14.52% 35 

  

 

402 0.97% 

 

544 2.42% 

 

261 0.63% 

 
531 26.21% 

 

701 4.03% 

 

314 0.63% 

 

544 11.65% 

 

743 1.61% 

 

318 17.50% 

 

802 1.94% 

 

762 0.81% 

 

375 11.25% 

 

833 10.68% 

 

833 16.13% 

 

402 1.88% 

 

951 12.62% 

 

951 4.84% 

 
531 15.63% 

28 

  

32 

   

544 10.00% 

 

261 15.38% 

 

125 2.90% 

 

701 11.88% 

 

318 24.79% 

 

129 14.49% 

 

743 6.25% 

 

371 19.66% 

 

261 11.59% 

 

833 13.75% 

 
531 14.53% 

 

316 14.49% 

 

951 10.63% 

 

544 5.98% 

 

318 20.29% 36 

  

 

762 0.85% 

 
531 8.70% 

 

125 3.92% 

 

833 4.27% 

 

701 2.90% 

 

129 2.94% 
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261 8.82% 

 

318 17.75% 

 

261 14.96% 

 

314 4.90% 

 

375 11.83% 

 

318 23.62% 

 

316 21.57% 

 
531 17.16% 

 

375 16.54% 

 

318 11.76% 

 

544 4.73% 

 
531 23.62% 

 

319 0.98% 

 

701 1.78% 

 

544 0.79% 

 

371 0.98% 

 

743 7.10% 

 

701 3.94% 

 

375 16.67% 

 

833 14.79% 

 

743 8.66% 

 
531 24.51% 

 

951 0.59% 

 

833 6.30% 

 

701 1.96% 40 

  

43 

  

 

746 0.98% 

 

12 0.83% 

 

12 1.83% 

37 

   

125 2.48% 

 

129 1.22% 

 

125 0.60% 

 

129 1.65% 

 

241 1.83% 

 

129 4.22% 

 

241 0.83% 

 

261 6.71% 

 

261 11.45% 

 

261 14.88% 

 

316 0.61% 

 

316 7.23% 

 

318 22.31% 

 

318 14.02% 

 

318 16.27% 

 

375 20.66% 

 

375 15.24% 

 

375 9.64% 

 
531 5.79% 

 
531 9.76% 

 
531 7.23% 

 

541 0.83% 

 

544 15.85% 

 

541 0.60% 

 

544 10.74% 

 

701 3.66% 

 

544 13.25% 

 

701 4.96% 

 

743 9.76% 

 

701 1.20% 

 

743 6.61% 

 

762 0.61% 

 

743 9.04% 

 

746 0.83% 

 

833 17.68% 

 

833 17.47% 

 

761 2.48% 

 

951 1.22% 

 

951 1.81% 

 

833 4.13% 44 

  38 

  

41 

   

261 0.80% 

 

125 1.96% 

 

12 1.26% 

 

318 24.00% 

 

129 0.65% 

 

241 7.55% 

 

375 7.20% 

 

261 8.50% 

 

261 17.61% 

 
531 17.60% 

 

316 1.31% 

 

316 0.63% 

 

544 16.00% 

 

318 18.30% 

 

318 18.87% 

 

701 12.00% 

 

375 13.07% 

 

375 15.09% 

 

743 0.80% 

 
531 12.42% 

 
531 11.32% 

 

761 0.80% 

 

541 1.96% 

 

541 3.14% 

 

762 1.60% 

 

544 14.38% 

 

544 4.40% 

 

833 12.80% 

 

701 5.88% 

 

701 9.43% 

 

951 6.40% 

 

743 1.31% 

 

743 5.03% 45 

  

 

762 2.61% 

 

762 0.63% 

 

241 1.15% 

 

833 12.42% 

 

833 4.40% 

 

318 34.48% 

 

951 5.23% 

 

951 0.63% 

 

319 1.15% 

39 

  

42 

   

375 8.05% 

 

261 17.16% 

 

129 0.79% 

 
531 26.44% 

 

316 7.10% 

 

241 0.79% 

 

544 14.94% 
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701 6.90% 49 

   

701 1.79% 

 

762 6.90% 

 

318 32.61% 

 

743 8.04% 

46 

   

407 5.43% 

 

762 0.89% 

 

12 8.16% 

 
531 14.13% 

 

833 1.79% 

 

129 12.24% 

 

544 18.48% 

 

951 6.25% 

 

241 4.08% 

 

701 2.17% 53 

  

 

261 9.18% 

 

742 1.09% 

 

261 17.27% 

 

316 1.02% 

 

833 5.43% 

 

316 19.42% 

 

318 17.35% 

 

951 19.57% 

 

318 17.27% 

 

319 1.02% 

 

972 1.09% 

 

371 17.27% 

 

375 21.43% 50 

   

375 2.16% 

 
531 10.20% 

 

318 26.79% 

 
531 20.14% 

 

544 3.06% 

 

375 0.89% 

 

544 0.72% 

 

701 2.04% 

 

407 16.07% 

 

833 2.16% 

 

743 6.12% 

 
531 7.14% 

 

951 3.60% 

 

762 4.08% 

 

543 0.89% 54 

  47 

   

544 23.21% 

 

261 2.44% 

 

94 0.92% 

 

701 1.79% 

 

316 1.63% 

 

129 11.93% 

 

762 1.79% 

 

318 23.58% 

 

241 0.92% 

 

802 0.89% 

 

402 3.25% 

 

261 0.92% 

 

833 16.07% 

 

500 1.63% 

 

318 27.52% 

 

951 3.57% 

 
531 8.13% 

 

356 1.83% 

 

972 0.89% 

 

541 4.88% 

 

375 14.68% 51 

   

544 11.38% 

 
531 21.10% 

 

316 2.04% 

 

601 0.81% 

 

541 2.75% 

 

318 18.37% 

 

701 0.81% 

 

701 7.34% 

 

402 12.24% 

 

761 0.81% 

 

762 10.09% 

 
531 18.37% 

 

762 2.44% 

48 

   

541 10.20% 

 

833 15.45% 

 

12 7.14% 

 

544 12.24% 

 

951 16.26% 

 

125 1.79% 

 

701 8.16% 

 

972 6.50% 

 

129 19.64% 

 

743 2.04% 55 

  

 

241 1.79% 

 

762 2.04% 

 

261 17.60% 

 

261 8.93% 

 

802 4.08% 

 

316 0.80% 

 

318 14.29% 

 

975 10.20% 

 

318 23.20% 

 

319 1.79% 52 

   

371 12.00% 

 

375 8.93% 

 

261 5.36% 

 
531 22.40% 

 
531 25.00% 

 

318 26.79% 

 

541 0.80% 

 

541 3.57% 

 

371 11.61% 

 

544 3.20% 

 

660 1.79% 

 

375 8.93% 

 

833 6.40% 

 

761 3.57% 

 
531 25.00% 

 

951 13.60% 

 

762 1.79% 

 

544 3.57% 
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56 

        

 

316 2.04% 

      

 

318 27.55% 

      

 

371 1.02% 

      

 

375 3.06% 

      

 

402 5.10% 

      

 
531 19.39% 

      

 

541 6.12% 

      

 

543 1.02% 

      

 

544 1.02% 

      

 

743 2.04% 

      

 

746 3.06% 

      

 

762 1.02% 

      

 

833 13.27% 

      

 

951 9.18% 

      

 

972 5.10% 
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APPENDIX 2 

 

Tree Level Field Measurements 

Measurements are made at various levels (stand, plot, and tree) in both Type 1 and 

Type 2 plot systems.  At the individual tree level, measurements are made on the live 

beech tree 12.5 cm or greater diameter at breast height (DBH) nearest each of 30 points 

in the Type 1 plots and on all live tree species 12.5 cm or greater within the Type 2 

subplots.  In Type 2 plots, the species of each tree (both live and dead) is documented.  

Measurements are as follows: 

1. Tree Status— Tree status is the condition of the tree at the time of sampling.  It is 

determined using the following codes: 1=live tree; 2=dead tree; 3=removal; 

4=missed live tree; 5=missed mortality tree; 6=missed dead tree; and 7=no history 

(USDA For. Serv. 2000).  Currently for Type 1 plots, only tree status codes 1-3 

are appropriate.  In Type 2 plots, all codes are appropriate.   

2. DBH— DBH is recorded to the nearest 0.1 cm using a metric diameter tape at 

1.37 m from ground level on the uphill side of the tree. Standardized methods to 

handle DBH measurements in unusual circumstances will follow FIA protocol 

(USDA For. Serv. 2000.  No metal tags, blue paint, or ribbon flagging tape are 

used.  No ribbon flagging tape or blue paint is used.  Other locations/owners 

request either flagging, paint, tags, or some combination of these not to be used. 

       

3. Tree Number and Location— An aluminum tag (numbered 1-30 or 61-90 in L. 

Peninsula, numbered 31-60 or 61-90 in U.P.) is placed at the base of each 

American beech tree sampled in the Type 1 plot system.  In the Type 2 plot 
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system, each tree greater than 12.5 cm receives a base tag (numbered beginning 

with 101).  Trees are numbered working clockwise from azimuth 001 to 360 and 

working outward from subplot center to subplot edge.  The azimuth and distance 

from plot center to each tree are determined in Type 2 plots.  In Type 1 plots, the 

azimuth and distance of the sampled American beech tree from the prism point 

are recorded.  Exceptions to the use of metal tags are in Pictured Rocks National 

Lakeshore in which Nelspot
®
 white tube paint is used to paint the tree number at 

the base of the tree on the side not visible from the nearest trail.  Some state parks 

also request that metal tags not be used or that they be placed on pins in the 

ground adjacent to the measured beech tree. 

4. Live Crown Ratio (LCR)— LCR is recorded in both plot types as a percentage 

determined by dividing the live crown length by the total live tree height, 

according to FIA protocol (USDA For. Serv. 2000). Live crown ratio is a measure 

of crown length and its relationship to total tree height.  Trees with higher live 

crown ratios are typically viewed as healthier and faster growing.  Live crown 

length is the distance from the live crown top (dieback in the upper portion of the 

crown is not part of the live crown) to the “obvious live crown” base.  Many times 

there are additional live branches below the “obvious live crown”.  These 

branches are only included if they have a basal diameter greater than 2.5 cm and 

are within 1.5 m of the base of the “obvious live crown”.  The live crown base 

becomes that point on the main bole perpendicular to the lowest live foliage on 

the last branch that is included in the live crown.  Live crown ratio is measured by 

two people.  The estimate is placed into one of twenty-one percentage classes 
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(Table 5).  When two individuals disagree with their estimates they arrive at the 

final value by: A) taking an average if the numbers differ by 10% (2 classes) or 

less, B) changing positions if the numbers differ by 15% or more, or C) average 

the two estimates for those trees that actually have different ratings for the two 

viewing areas. 

Table 5.  Live crown ratio, crown density, crown dieback, and foliage transparency 

codes. 

________________________________________________________________________ 

Code  Definition Code  Definition Code  Definition 

00 0% 35 31-35% 70 66-70% 

05 1-5%  40 36-40% 75 71-75% 

10 6-10% 45 41-45% 80 76-80% 

15 11-15% 50 46-50% 85 81-85% 

20 16-20% 55 51-55% 90 86-90% 

25 21-25% 60 56-60% 95 91-95% 

30 26-30% 65 61-65% 99 96-100% 

________________________________________________________________________ 

5. Crown Density— Crown density estimates the amount of plant material, such as 

leaves, branches and fruit that block skylight from shining through the tree crown.  

It is measured as the % of total light that is blocked by tree material, according to 

FIA protocol (USDA For. Serv. 2000).  Unlike transparency, this measurement 

takes into account both the live and dead parts of the crown rather than just the 

live portion.  Because density measures consider all parts of the crown, density is 

not a perfect mirror image of transparency.  Like transparency, density differs 

among tree species and is affected by the tree’s shape and growing conditions.  
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High values for tree crown density indicate that the tree has a large amount of leaf 

material available for photosynthesis and has growing conditions that enable full 

and symmetrical growth.  Low density values indicate poor amounts of foliage, a 

thin crown, or a missing section of crown and may result from stresses such as 

insect or disease damage or other environmental factors such as drought, wind, 

competition, or soil compaction.  Crown density is measured by two people.  To 

determine the crown shape, select the crown base on the live stem used for live 

crown ratio.  Project a full “mirror image” crown based on that tree’s shape where 

it is growing to the crown top, including missing, dead, and live portions.  Foliage 

below the crown base is not included.  If the top is broken or missing mentally 

reestablish that portion of the tree before estimating density.  After determining 

crown shape each person uses the crown density-foliage transparency card to 

determine % crown density of the tree (USDA For. Serv. 2000).  The estimate is 

placed into one of twenty-one percentage classes (Table 5).  When two 

individuals disagree with their estimates follow the guidelines under live crown 

ratio to reach a consensus.  

6. Crown Dieback— Crown dieback is measured as the % of branch tips in the 

crown that are dead, according to FIA protocol (USDA For. Serv. 2000).  

However, in making this measurement branch tips that are dead due to shading or 

competition are not included because they are dead due to the normal processes of 

tree growth.  Therefore, this measurement only includes dead branch tips in the 

upper portion and outer edges of the live crown—these branch tips would 

generally be alive if the tree were not experiencing stress.  Crown dieback 
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amounts differ among tree species.  Some species will normally show a small 

amount of dieback.  While such small amounts of dieback are not considered to 

be a problem, large amounts of dieback indicate that the tree is under extra stress.  

Trees with high dieback values have a reduced amount of leaf area for producing 

food.  Crown dieback is obtained by two people.  Each individual should mentally 

draw a two-dimensional crown outline, block in the dieback, and estimate the 

amount of dieback area. The estimate is placed into one of twenty-one percentage 

classes (Table 5).  When two individuals disagree with their estimates follow the 

guidelines listed at the end of the live crown ratio section. 

7. Foliage Transparency— Foliage transparency measures the amount of light that 

shines through the live portion of a tree’s crown as a % of total light that would be 

visible if the light were unblocked, according to FIA protocol (USDA For. Serv. 

2000).  Light comes through the crown where leaves are missing, damaged, 

smaller, or less numerous than normal.  Transparency values differ among tree 

species and are affected by the tree’s shape and growing conditions.  Higher than 

normal transparency values for a species indicate that the tree has less leaf area to 

catch sunlight for photosynthesis.  High transparency values may result from 

insects feeding on tree leaves and damaging them, diseases causing leaves to fall 

or become damaged, or other stresses such as drought or frost that can affect 

leaves.  Foliage transparency is rated by two people.  First, each individual will 

mentally draw a two-dimensional crown outline.  Second, the foliated area will be 

blocked into the outline.  Third, using the foliage transparency card, estimate the 

transparency of the foliated area (USDA For. Serv. 2000).  The estimate is placed 
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into one of twenty-one percentage classes (Table 5).  When two individuals 

disagree with their estimates follow the guidelines listed at the end of the live 

crown ratio section.  

8. Crown Light Exposure— Crown light exposure estimates the number of sides of 

the tree that would receive direct sunlight if the sun was directly above the tree, 

according to FIA protocol (USDA For. Serv. 2000).  Crown light exposure, along 

with crown position, can determine stand and canopy structure.  To measure 

crown light exposure, the crown is vertically divided into four sides.  At least 1/3 

of the tree length to the live crown top of a side must have live foliage that is 

exposed to direct sunlight for the side to qualify.  Therefore, sides with less than 

35% live crown ratio should not be counted.  The number of sides that would 

receive direct light if the sun were directly above are counted and one is added if 

the tree does in fact receive direct light from the top.  If a tree contains sides that 

all have less than a 35% live crown ratio, the maximum crown exposure is limited 

to a value of one.  Crown light exposure is recorded in classes from 0-5 (Table 6). 

 

Table 6.  Crown light exposure codes and definitions 

Code   Definition        

0 The tree receives no full light because it is shaded by trees, vines, 

or other vegetation. 

1 The tree receives full light from the top or 1 side. 

2 The tree receives full light from the top and 1 side (or 2 sides 

without the top). 
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3 The tree receives full light from the top and 2 sides (or 3 sides 

without the top). 

4 The tree receives full light from the top and 3 sides. 

5 The tree receives full light from the top and 4 sides. 

________________________________________________________________ 

9. Tree Vigor/Condition— Each of the 30 beech trees in the Type 1 plots and all 

trees in the Type 2 plot system greater than 12.5 cm DBH are assigned a tree 

crown condition rating from 1 to 8 based on the amount of dead wood in the 

crown after the initial visit (Table 7).  Any sampling after the initial visit also will 

include classes 9 through 12.  A ranking of 1 indicates a normal crown, a ranking 

of 5 indicates a crown more than half dead, a ranking of 6 through 10 indicates 

various stages of a standing dead tree, and rankings of 11 and 12 indicate stages 

of a blown down tree.  Dead trees are recorded only if the standing tree bole is 

taller than 1.37 m above ground.  This tree vigor/condition classification system is 

a modification of that used in MIMS (Stoyenoff et al. 2000) and will give us more 

information on how long dead trees are available for wildlife species.  The 

condition of each tree is recorded at the time of plot establishment and every time 

the plot is resampled.  The scale used to determine tree condition is listed in Table 

7. 
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Table 7.  Tree vigor/condition codes and criteria 

 

 

Code    Criteria 

1    Crown with relatively few dead twigs; foliage density  

and color normal; occasional small dead branches in upper 

crown; occasional large branch stubs on upper bole 

2 Crown with occasional large dead branch in upper portion; 

foliage density below normal; some small dead twigs at top 

of crown; occasional large branch stubs on upper bole 

3 Crown with moderate dieback; several large dead branches 

in upper crown; bare twigs beginning to show; several 

branch stubs on upper and mid bole 

4 Approximately half of crown dead 

5 Over half of crown dead 

6 Tree dead; not cut, standing with fine twigs (less than 2.54 

cm (1 in) in diameter) attached to branches 

7 Tree dead (natural death); not cut; standing without fine 

twigs but still has some branches attached to bole of tree  

8 Tree dead; standing but bole only, no branches attached to 

bole 

9 Tree cut, dead when cut; only used after plots were 

established* 
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10 Tree cut, not known if live or dead when cut; only used 

after plots were established* 

11 Blow down; tree laying on ground and dead with attached 

branches 

12 Blow down; tree laying on ground and dead without any 

attached branches 

* If a tree has been cut, past years’ data for this tree will be examined to determine 

whether the tree was dead in a previous sample. 

 

 

10. Crown Class/Position— Crown class/position is recorded for each tree and is a 

composite of light exposure and tree height (USDA For. Serv. 2000).  Values 

range from 1 (open-grown) to 5 (overtopped) (Table 8). 

Table 8.  Crown class/position codes and definitions  

________________________________________________________________________ 

Code  Definition 

1 Open grown trees are trees with crowns that receive full light from  

above and from all sides throughout most of their life, particularly during 

their early developmental period. 

2 Dominant trees are trees with crowns that extend above the general level 

of the crown cover and receive full light from above and partly from the 

sides.  These trees are taller than the average trees in the stand and their 

crowns are well developed, but they could be somewhat crowded on the 

sides.  This also includes trees with crowns that receive full light from 

above and from all sides during early development and for most of their 
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life.  Their crown form or shape appears to be free of influence from 

neighboring trees.  

3 Codominant trees are trees with crowns at the general level of the crown 

canopy.  They receive direct sunlight from above but relatively little 

sunlight from the sides.  Usually they have medium-sized crowns and are 

somewhat crowded from the sides.  In stagnated stands, codominant trees 

have small-sized crowns and are crowded on the sides. 

4 Intermediate trees are trees with crowns that extend up into the canopy of 

codominant and dominant trees but who are shorter than those trees.  They 

receive little direct sunlight from above and are usually very crowded 

from all sides, so that they receive no sunlight from the sides.  They 

usually have small crowns. 

5  Overtopped trees are trees with crowns that are below the general  

level of the crown canopy and are completely overtopped by surrounding 

trees so that they receive no direct sunlight except from occasional 

sunflecks that penetrate small gaps in the foliage of other trees above the 

suppressed tree. 

________________________________________________________________________ 

 

11.Tree Damage— Identifying the signs and symptoms of damage provides 

valuable information concerning the forest condition and indicates possible causes 

of deviation from expected conditions.  Damage signs and symptoms are only 

recorded if, by definition in FIA protocol (USDA For. Serv. 2000), the damage 

could kill the tree or affect the long-term survival of the tree.  Cause of damage is 
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not recorded because damage often involves complex interactions of biotic and 

abiotic agents resulting in variability in the individuals rating the trees to 

determine the specific cause of damage.  The damage categories are prioritized 

based on the location on the tree.  Minimum thresholds and severity classes exist 

for appropriate damage categories.  The codes for location and damage are listed 

in Table 9.  Detailed descriptions of locations, damage types, and severity 

categories are found in the FIA protocol manual (USDA For. Serv. 2000).  Each 

tree is examined by location for damage symptoms and damage is recorded if it 

exceeds the specified threshold level; up to three damage symptoms are recorded 

on each tree.  A severity code will be given that describes the % of the tree 

affected by the damage symptom at the named location (Table 9).  A single 

damage index is then calculated for the entire tree based on the specific 

combination of damages, locations, and severities of those damages found on that 

tree (Mielke and Bechtold 2002 pers. comm). 

 

Table 9.  Damage type, location, severity codes, and definitions 

________________________________________________________________________ 

Location 

Code  Definition 

0 No Damage 

1 Roots (exposed) and “stump” (30 cm in height from ground) 

2 Roots and lower bole 

3 Lower bole (lower half of trunk between the “stump” and the base of the 

live crown 
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4 Lower and upper bole 

5 Upper bole (upper half of trunk between the “stump” and the base of the 

live crown 

6 Crownstem (main stem within live crown area, above the base of the live 

crown) 

7 Branches (>2.5 cm at the point of attachment to the main or crownstem 

within the live crown area) 

8 Buds and shoots (the most recent years growth) 

9 Foliage 

Damage 

Code  Description     Severity Threshold 

        (in 10% classes to 99%) 

01  Canker, gall       20% 

02  Conks, fruiting bodies, and signs of advanced decay none* 

03 Open wounds       20% 

04 Resinosis, gummosis      20% 

05  Cracks and seams (>1.52 m in length)   none* 

11  Broken bole or roots less than 0.91 m from bole  none 

12  Brooms on roots or bole     none 

13  Broken or dead roots (>0.91 m from bole)   20% 

20  Vines in crown      20% 

21  Loss of apical dominance, dead terminal    1% 
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22  Broken or dead branches     20% 

23  Excessive branching or brooms    20% 

24  Damaged foliage, buds, or shoots    30% 

25  Discoloration of foliage     30% 

31  Other        none  

*20% for roots >0.91 m from bole or branches 

________________________________________________________________________ 

11. Beech Scale Measurements— Presence or absence of the beech scale is recorded 

for each American beech tree in both plot types.  If the scale is present, there are a 

number of other measurements recorded at the tree level.  The level of scale 

infestation is the first of these measures.  Infestation level is estimated using a 

transparency frame of size 12.5 cm x 28 cm that is placed on the northern, eastern, 

southern, and western sides of the bole of the tree at a level of 1.5 to 2.0 m above 

the ground.  The level of infestation is recorded as a percentage of scale covering 

on the tree bark.  There are 21 percentage categories ranging from code 0 

signifying no scale coverage on a particular side, code 5 signifying 1-5% 

coverage, up to code 99, which represents 96-100% scale covering.  The presence 

or absence of both tarry spots and Neonectria fungi spores is recorded.  The lower 

bole of the tree from approximately 0.33 m up to 2.0 m is examined for signs of 

Neonectria fungi spores and tarry spots.   

12. Discolored Foliage— described above under the damage categories, and the 

amount of foliage that is affected is recorded if 30% or greater of the foliage is 

affected.  This is recorded separately from the three damage categories because 
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often times a tree with beech scale has three or more other damages recorded 

before observing this specific tree crown damage.  

 

 

 

 

 

 

 


