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Front cover. Hardwood forest where forest canopy gaps are forming in Pictured Rocks National Lakeshore in the
Upper Peninsula of Michigan. These canopy gaps are created by Fagus grandifolia Ehrh. (American beech) dying from
beech bark disease. Photograph by the National Park Service.
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Changes in Forest Connectivity from Beech Bark
Disease in Pictured Rocks National Lakeshore in
the Upper Peninsula of Michigan

By Stephanie R. Sattler

Abstract

Within the forests of Pictured Rocks National Lakeshore,
biologists are trying to understand the effects beech bark
disease has on wildlife species, especially species that need
forest connectivity to thrive. This project used aerial imagery
collected in 2005, shortly after beech bark disease infestation,
and satellite imagery from 2018. The 2018 imagery represents
present day conditions and was used to locate forest canopy
gaps through object-based image analysis. Forest canopy gaps
were identified using the multiresolution segmentation algo-
rithm within Trimble’s eCognition software. A time change
analysis was completed to understand how the forest canopy
had changed from 2005 to 2018. The analysis showed areas
that had maintained forest canopy, maintained a forest canopy
gap, created a new canopy gap (closed forest canopy in 2005
but open canopy gap in 2018), or created new forest canopy
(open canopy gap in 2005 but closed forest canopy in 2018).
There were 9,127 acres of forest canopy lost, and 72.8 percent
of that lost canopy occurred in a forest type where Fagus
grandifolia Ehrh. (American beech) is a common tree spe-
cies. The datasets developed through this project can enhance
knowledge of where canopy gaps exist and help place focus
on certain areas for wildlife studies. In addition, these datasets
can be used in future studies to monitor the health of the forest
and conduct additional change analyses.

Introduction

Beech bark disease (BBD) is caused by the combination
of Cryptococcus fagisuga (beech scale insect) and two fungal
species, Neonectria faginata and Neonectria ditissima. The
beech scale insect pierces the tree’s bark and sucks out the

sap, then the fungal species enter and infect the tree through
the hole left by the beech scale insect. BBD was first discov-
ered in Pictured Rocks National Lakeshore (PIRO) in 2001.
Scale insects are shield-like shaped and feed on the sap in
trees or other plants. It is estimated that 80-90 percent of the
mature beech trees in PIRO will not survive because of BBD
(National Park Service, 2019). Once a tree is infected, it may
take only a few years for that tree to die. Shortly after the
infected tree dies, it will fall to the ground creating a canopy
gap. The loss of the closed canopy forest and nest trees and a
near complete loss of beechnuts (nuts of the only hard mast in
PIRO) will have far-reaching effects on wildlife species that
scientists are only beginning to understand (National Park
Service, 2019). By analyzing forest connectivity at different
periods during the BBD infestation, managers can have a bet-
ter understanding of how forest cover and composition have
changed, model how wildlife species are responding to the
forest changes, better understand how to manage for certain
species, and begin to plan for forest restoration.

PIRO is located in the Upper Peninsula of Michigan and
is home to many wildlife species that depend on forest canopy
connectivity to thrive. The National Park Service and others
are interested to learn how recent forest canopy loss caused by
BBD is affecting these wildlife species. In addition, wild-
life species such as Ursus americanus Pallas (black bears),
Odocoileus virginianus (white-tail deer), and a variety of
birds can be studied to understand how their diets are chang-
ing because of the decrease in beechnut production. To begin
observing and collecting data on these species, it is important
to know where forest canopy gaps exist and to identify where
the greatest canopy connectivity loss has occurred. This proj-
ect uses R scripting and object-based image analysis (OBIA)
to produce forest canopy gap geospatial layers and a time
change analysis for PIRO to help understand the changes in
forest connectivity.
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Study Area

The study area coincides with the study area boundary
from the vegetation mapping project completed by Hop and
others (2010) (fig. 1). The study area is located in the Upper
Peninsula of Michigan, specifically along the shores of Lake
Superior northeast of Munising, Mich. According to Hop and
others (2010), the study area contains 70,610 acres of forest
and woodland, which accounts for 84.61 percent of the total
area mapped. Fagus grandifolia Ehrh. (American beech) is
one of the common tree species found in the Maple-Yellow
Birch Northern Hardwoods Forest (map class FMB), which
was identified to be 51.3 percent of the forested area in PIRO
(Hop and others, 2010).

Methods

Originally, the project was going to use the National
Aeronautics and Space Administration’s stereo pipeline (Beyer
and others, 2018) to create a digital surface model that would
be subtracted from a digital terrain model to develop a canopy
height model. It was determined that the 2005 aerial imagery
(Hop and others, 2010) did not have adequate camera infor-
mation for the stereo pipeline to produce an accurate digital
surface model. Therefore, a new method using OBIA was
identified and tested to ensure a high-quality, accurate, forest
canopy gap dataset could be produced from the 2005 aerial
imagery (Hop and others, 2010). After testing multiple imag-
ery datasets, the 2018 National Agriculture Imagery Program
imagery appeared to be accurate, consistent, and reliable at
locating dark areas, which represent forest gaps, within the
forest canopy using OBIA.

Locating Forest Canopy Gaps Using
the eCognition Software

Because of the size of the study area, the aerial and satel-
lite imagery was clipped down into manageable file sizes for
processing: 6 areas for the 2005 imagery and 3 areas for the
2018 imagery. Because the goal of the study was to conduct
a time change analysis, the imagery needed to have the same
imagery resolution. The 2005 aerial imagery had a resolution
of 0.18 meter, whereas the 2018 National Agriculture Imagery
Program imagery had a 0.6-meter resolution; therefore, the
2005 aerial imagery was resampled using the Erdas software
at 0.6 meter.

Forest canopy gaps were identified using the multireso-
lution segmentation algorithm in the eCognition software
using methods described by Nyamgeroh and others (2018).
“In object-based image analysis (OBIA), individual pixels in

an image are combined on the basis of their spectral similar-
ity or, in some cases, in relation to an external variable (for
example, land ownership) not obtained from the image. In
this process, color (the spectral values) and shape proper-

ties (smoothness and compactness) are used to describe the
homogeneity criterion: the similarity between adjacent objects
in the image. The pair of objects that show the least increase
in homogeneity criterion is merged until this increase exceeds
a user-defined threshold, known as the scale parameter. The
higher the scale parameter, the more merging takes place,
resulting in the formation of larger objects” (Nyamgeroh and
others, 2018, p. 633). The OBIA settings put forth in the study
by Nyamgeroh and others (2018) were used as a starting point
for determining the settings for the multiresolution segmen-
tation for this project. Several iterations were completed to
determine which settings were most effective in separating
dark (canopy gaps) and light areas (tree canopy). Each itera-
tion produced a polygon layer that was visually compared to
canopy gaps seen in the imagery. After a visual comparison,
another iteration with a different setting (for example, lower-
ing the scale parameter) would be processed to compare the
two outputs. The iterations that appeared to reliably identify
canopy gaps were layer weights given a value of one (except
for the green band which was given a value of two), scale
parameter given a value of 50, shape given a value of 0.1, and
compactness given a value of 0.5 (figs. 2 and 3).

In order to classify objects as canopy gaps, several
spectral (color) value thresholds were applied to separate dark
areas (gaps) from bright areas (tree canopy) (table 1). In the
2005 aerial imagery, there were two smaller areas that differed
in spectral values from the rest of the imagery dataset. The
threshold values were fine-tuned by increasing or decreasing
the upper threshold value to produce a polygon output from
the multiresolution segmentation algorithm that was similar to
the rest of the study area.

Developing Forest Canopy Gaps and
Forest Connectivity Datasets

The objects classified as forest canopy gaps are all areas
that appeared as dark areas in the imagery. To ensure qual-
ity control of eCognition classified forest canopy gaps, the
2005 vegetation map produced by Hop and others (2010)
was used to remove areas of misclassified canopy gaps found
outside forested areas. This was done by selecting all forest
map classes in the vegetation map (table 2) and eliminating all
misclassified canopy gaps that were not found adjacent to a
forest type.

The R Project for Statistical Computing 4.0.3 (R Core
Team, 2019) was used to merge all adjacent forest canopy gap
polygons and calculate the area, in hectares, of the canopy
gaps. Then, in Esri’s ArcMap 10.6, all polygons that were less
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Figure 2. Map showing the 2005 segmentation output. Yellow lines illustrate how the multiresolution segmentation grouped together similar spectral values based off
the aerial imagery in 2005. The darker areas of the image represent gaps; the lighter areas represent forest.
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Figure 3. Map showing the 2018 segmentation output. Yellow lines illustrate how the multiresolution segmentation grouped together similar spectral values based off
the aerial imagery in 2018. The darker areas of the image represent gaps; the lighter areas represent forest.
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Changes in Forest Connectivity from Beech Bark Disease

Table 1. Spectral value threshold ranges used to locate dark areas (canopy gaps).
[NAIP, National Agriculture Imagery Program; n.d., no data]

2005 aerial imagery 2018 NAIP imagery
Threshold value Lower threshold Upper threshold Lower threshold Upper threshold
Brightness n.d. 85 (106) 45 85
Mean layer 1 n.d. n.d. 35 65
Mean layer 2 n.d. n.d. 35 80
Mean layer 3 n.d. 70 (80) 40 60
Mean layer 4 n.d. n.d. 65 145
Maximum difference n.d. 1.2 (1, 1.5) 0.3 1.3

Table 2. Map classes used to identify true forest canopy gaps and create the forest connectivity layer.

Map class code Map class name
FBA Black Ash-Mixed Hardwood Swamp
FBS Black Spruce/Feathermoss Forest
FCA White-cedar-Black Ash Swamp
FCC, FCM White-cedar-Boreal Conifer Mesic Forest
FCP Spruce-Fir-Aspen Forest
FCS White-cedar-(Mixed Conifer)/Alder Swamp
FCX Conifer Ruderal Forest
FDX Hardwood Ruderal Forest
FFB Balsam Fir-Paper Birch Forest
FGF Paper Birch/Fir Forest
FHB Great Lakes Hemlock-Beech-Hardwood Forest
FHC Hemlock Mesic Forest
FHM North-Central Hemlock-Hardwood Forest
FHS Hemlock-Yellow Birch Swamp Wet-Mesic Forest
FIB Jack Pine/Blueberry/Feathermoss Forest
FIF Jack Pine/Balsam Fir Forest
FiIM Jack Pine-Aspen/Bush-honeysuckle Forest
FLD Black Ash-Mixed Hardwood Forest
FMB, FMF, FMM, FMY Maple-Yellow Birch Northern Hardwoods Forest
FMX Conifer-Hardwood Ruderal Forest
FPB White Pine-Mixed Deciduous/Bracken Barren Forest and Scrub
FPD Great Lakes Dune Pine Forest
FPE Conifer Plantation
FRA Red Pine-Aspen-Birch Forest
FRP Red Pine/Blueberry Dry Forest
FSF Spruce-Fir/Mountain Maple Forest
FSS, FTS Black Spruce-Tamarack/Labrador-tea Poor Swamp
FWA White Pine-Aspen - Birch Forest
FWH Great Lakes White Pine-Hemlock Forest
FWM, FWW White Pine-Red Maple Swamp
FWO White Pine-Red Oak Forest
FWP White Pine/Blueberry Dry-Mesic Forest
HPB, HPW Great Lakes Coast Pine Barrens

SSS White Pine-Mixed Deciduous/Bracken Barren Forest and Scrub




than the minimum mapping unit, 0.026 hectares, were deleted
from the dataset. This is the minimum mapping unit used to
create the forest canopy gaps along the Mississippi and Illinois
River bottomland forests (Sattler and Hoy, 2020).

Several attributes pertaining to the canopy gap and sur-
rounding area of the canopy gap were applied to each canopy
gap (table 3) to help inform biologists and managers in
making decisions based on the forest canopy gaps. Using the
forest canopy gap dataset produced by Sattler and Hoy (2020),
attributes that were deemed useful were applied to each
canopy gap using the Forest Canopy Gap Locator R Script
(Sattler, 2020a). Datasets supporting this project are available
in Sattler (2020b).

To create the forest connectivity layers, the forest poly-
gons (table 2) were merged to create a forest connectivity
layer. By using Esri’s Erase tool, the forest canopy gaps were
used to create a hole (representing the canopy gap) within
the forest canopy. The forest connectivity layer would then
resemble how the forest canopy would appear from a bird’s-
eye view.

Methods 7

Time Change Analysis

To better understand how forest connectivity has changed
over time because of BBD, a time change analysis was
completed. By using the Union tool in ArcMap, a polygon
shapefile was created showing both forest connectivity and
canopy gaps for each period. A raster was created from each
shapefile at a resolution of 1 meter where canopy gaps were
given a cell value of one and forest connectivity was given
cell values of zero. The Reclassify tool was executed on each
raster to allow for four values to represent each of the differ-
ent scenarios that could have occurred to the forest over time:
maintained forest canopy (forest canopy in 2005 and 2018),
maintained forest canopy gap (forest canopy gap in 2005 and
2018), closed forest canopy gap (forest canopy gap in 2005
but forest canopy in 2018), and formed forest canopy gap (for-
est canopy in 2005 but a forest canopy gap in 2018) (table 4).
Then, the Raster Calculator was used to complete the time
change analysis by adding the 2018 raster to the 2005 raster.

Table 3. Attribute names and descriptions added to the forest canopy gap shapefile.

[lidar, light detection and ranging]

Attribute name

Description

G_Area Area of the canopy gap in acres

G_Perim Perimeter of the canopy gap in meters

G_APR Canopy gap area/perimeter ratio

G_Dom Dominant vegetation map class within the canopy gap taken from the vegetation map classes
in the 2005 vegetation map!

Dom_Name Map class name of the map class code in G_Dom from the 2005 vegetation map'

G_AvgHt Average height of the 2015 lidar? returns from within the canopy gap

G_MinHt Minimum height of the 2015 lidar? returns from within the canopy gap

G_MaxHt Maximum height of the 2015 lidar? returns from within the canopy gap

G_NFP Percentage of the canopy gap perimeter that is nonforest

S MjFCT Vegetation map class majority forest type (as defined in table 2) within a 150-meter buffer
of the canopy gap

MjFCT_Name Map class name of the map class code in S MjFCT from the 2005 vegetation map!

S PFA Percentage of the 150-meter buffer area surrounding the canopy gap that is classified as forest
in the 2005 vegetation map!

S PWA Percentage of the 150-meter buffer area surrounding the canopy gap that is classified as water
in the 2005 vegetation map'

S_PNwNf

Percentage of the 150-meter buffer area surrounding the canopy gap that is classified as neither forest
nor water in the 2005 vegetation map!

IThe vegetation map used was produced by Hop and others, 2010.
2The lidar dataset used was produced by USGS, 2017.
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Table 4. Raster cell value definitions and explanations on the time change analysis.

Raster cell value Definition Explanation
6 Forest canopy gap closed Identified as a canopy gap in 2005 but no longer exists in 2018
8 Forest canopy gap maintained Identified as a canopy gap in 2005 and in 2018
9 Forest canopy maintained Identified as a forest canopy in 2005 and 2018
11 Forest canopy gap formed Identified as a forest in 2005 but was identified as a canopy gap in 2018

Discussion and Conclusions

The objective of this project was to produce multiple
geospatial layers of PIRO forest connectivity to reveal the
effects of BBD. By analyzing the produced forest connectivity
layers at different periods during the BBD infestation, manag-
ers can have a better understanding of how forest cover and
composition have changed. PIRO managers can also model
how wildlife species are responding to the forest changes, bet-
ter understand how to manage for certain species, and begin
to plan for forest restoration. The final geospatial layers, or
datasets (Sattler, 2020b), illustrate a change in forest canopy
from 2005 to 2018.

The settings used in eCognition, specifically for the
multiresolution segmentation algorithm, detected small
canopy gaps but not many large canopy gaps. In addition, the
threshold spectral value ranges of dark areas (canopy gaps)
varied within the same imagery set making it more difficult to
determine a value range for forest canopy gaps to be correctly
identified. There are also some tree canopies that had darker
values than others, which led to a falsely identified forest
canopy gap. Upon visual inspection, it appears that the algo-
rithm and spectral threshold values located forest canopy gaps
reliably, but it was also apparent that there were many canopy
gaps unclassified.

Interpretation of Time Change Analysis

The time change analysis demonstrates the changes
the forest has undergone from 2005 to 2018 (fig. 4). Over
the 13-year period, 72.11 percent of the forest remained as
an intact closed canopy, where 54.11 percent of the canopy
remained within the FMB map class (Maple-Yellow Birch
Northern Hardwoods Forest). From 2005 to 2018, 12.96 per-
cent (9,127 acres) of the forest in PIRO converted from a
forest canopy to a canopy gap (table 5). The map class that
saw the most forest canopy change to a canopy gap was the
FMB map class (Maple-Yellow Birch Northern Hardwoods
Forest) at 55.41 percent. When analyzing map classes where
American beech commonly grows (FHB, FHM, FMB, FMF,
FMM, FMY, and FWO), 72.80 percent of the new canopy
gaps occurred in one of those forest types (table 6). The aver-
age size of these gaps was 0.05 acre, which could indicate that

the majority of new canopy gaps could be because of a single
mature canopy tree dying, possibly an American beech dying
from BBD. Interestingly, the same map class that had the most
forest canopy convert to a canopy gap was the same map class
that had the most canopy gaps close to create a forest canopy
at 35.23 percent. This could indicate the gap was created in
the early stages of the BBD infestation (2001), or it was there
prior to the BBD infestation. There were 2.97 percent of forest
canopy gaps in 2005 that remained in 2018. These gaps would
be of interest for further investigation if they are true gaps and
if they are, determining what factors are inhibiting new trees
from growing to fill the canopy gap could be investigated.
Canopy gaps, canopy gaps that formed after the 2005
imagery, and maintained canopy gaps from 2005 totaled
11,210 acres, 15.93 percent of the forested area analyzed. The
average canopy gap size when combining these two scenarios
was 0.03 acre, which does not meet the minimum mapping
unit of this project. This would indicate that the canopy gaps
identified through the time change analysis may not be true

canopy gaps.

Dataset Inaccuracies

Unfortunately, this project did not collect field data to
corroborate the accuracy of the identified forest canopy gaps.
Initially, a different method utilizing the National Aeronautics
and Space Administration’s stereo pipeline (Beyer and oth-
ers, 2018) and Forest Canopy Gap Locator R Script (Sattler,
2020a) had field data validating the accuracy of identified
canopy gaps. That method was determined to be incompatible
with the 2005 aerial imagery because of insufficient camera
information for the imagery. Therefore, when OBIA was
identified as the new method to identify canopy gaps, field
data collection was beyond the scope of the project to test how
accurate the eCognition and OBIA process was at locating
canopy gaps.

Further investigation could be made with regard to the
eCognition settings, specifically the multiresolution segmen-
tation algorithm and threshold values. This may reduce the
number of identified canopy gaps classified as either shadows
or dark tree canopy upon visual inspection. Some of the set-
tings that could be tested include lowering the scale parameter,
changing value threshold ranges, and conducting multiple
multiresolution segmentations.
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Table 5. Acres and hectares for each change scenario in the time change analysis.

Change scenario Acres Hectares Percentage of forest
Forest canopy gap closed 8,426 3,410 11.96
Forest canopy gap maintained 2,090 845.7 2.97
Forest canopy maintained 50,800 20,560 72.12
Forest canopy gap formed 9,127 3,694 12.96
Total 70,440 28,510 100

Table 6. Summary of map classes that contain Fagus grandifolia Ehrh. (American beech) in formed forest canopy gaps.

Map class code-name Acres Hectares Percentage of formed canopy gaps
FHB: Great Lakes Hemlock-Beech-Hardwood Forest 425.1 172.0 4.66
FHM: North-Central Hemlock-Hardwood Forest 274.6 111.1 3.01
FMB: Maple-Yellow Birch Northern Hardwoods Forest 5057 2047 55.41
FMF: Maple-Yellow Birch Northern Hardwoods Forest 119.6 48.40 1.31
FMM: Maple-Yellow Birch Northern Hardwoods Forest 621.3 2514 6.81
FMY: Maple-Yellow Birch Northern Hardwoods Forest 141.2 57.14 1.55
FWO: White Pine-Red Oak Forest 7.32 2.96 0.08
Total 6,646 2690 72.83

Suggestions for Future Studies

This study is the first step in providing biologists and
managers at PIRO with useful information on forest canopy
gap locations to complete wildlife studies and inform manage-
rial decisions. These datasets (Sattler, 2020b) provide input
on the change the forest canopy has endured during the BBD
infestation. Further analysis may enhance the effectiveness
of the datasets created and potentially help answer questions
about forest connectivity and how wildlife species are adapt-
ing to their changing environment.

To better understand the quality and accuracy of the
OBIA method for locating forest canopy gaps, field data col-
lection would be beneficial. As stated in the previous section,
there are inaccuracies in these datasets, and conducting an
accuracy assessment on the 2018 imagery identified forest
canopy gaps could allow the OBIA process to be updated and
provide a forest canopy gap dataset with lower uncertainty.
Further investigation into different multiresolution segmenta-
tion settings in eCognition could also be tested to identify the
best settings (for example, scale parameter at 30 instead of
50) for locating forest canopy gaps with the provided imagery
in PIRO. In addition, putting in place a proximity rule would
combine smaller canopy gaps that were identified as separate
gaps into one larger gap (fig. 5).

A comparison between two methods of identifying forest
canopy gaps would provide insight on which method is more
accurate in locating canopy gaps within the PIRO boundary.
The 2015 lidar dataset (U.S. Geological Survey, 2017) could
be used in the Forest Canopy Gap Locator R Script (Sattler,
2020a), and that output could be compared with the 2018 data-
set produced in this study.

Beech bark disease is still prevalent in PIRO, and likely
will not be the only pest that alters tree composition in the
forest. It would be beneficial to conduct future time change
analyses to monitor forest connectivity and provide additional
information on the condition of the forest canopy.

Because American beech is a common tree species in
several U.S. National Vegetation Classification (United States
National Vegetation Classification [USNVC], 2019) forest
classification types found throughout PIRO, a future study
could focus on visiting forest canopy gaps to identify the pres-
ent USNVC classification. Because the USNVC classification
was used to create the map classes in the 2005 PIRO veg-
etation map (for example, Tsuga canadensis - Fagus gran-
difolia - (Acer saccharum) Great Lakes Forest Association
(CEGL005042) was placed in the FHB map class), a compari-
son can be completed to gain a better understanding of how
the forest types are changing because of American beech loss.



86°5'35" 86°5'30"

EXPLANATION
[] Polygonstobe
merged together
46°37'46" % [ | 2005forest canopy gaps
46°37'44" ]

|L A |L._‘

0.025 0.050 MILE
J

[ [
0.025 0.050 KILOMETER

o — 1 o

Figure 5. Map showing three canopy gaps that could potentially be merged together by using an adjacency rule in a future project.

SUOISN|2U0Y) pue uoISSNasi(

L



12 Changes in Forest Connectivity from Beech Bark Disease

Summary

Since the introduction of beech bark disease in Pictured
Rocks National Lakeshore in 2001, the forest canopy and
composition have been changing and affecting the wildlife
inhabitants. It is estimated that most of the mature beech trees
will not survive the beech bark disease, so conducting time
change analyses shows how the forest canopy is changing.
This study showed that since 2005, 9,127 acres have been con-
verted from a closed canopy to a canopy gap. Of those acres,
72 percent occur in a forest type where Fagus grandifolia
Ehrh. (American beech) is a common tree species.

The datasets developed from this project can aide biolo-
gists and managers in quantitively understanding the eco-
logical effect the beech bark disease has had on the forests
within Pictured Rocks National Lakeshore by giving them the
first quantitative measure of canopy gaps in Pictured Rocks
National Lakeshore.
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