€sa

ECOSPHERE

SPECIAL FEATURE: SCIENCE FOR OUR NATIONAL PARKS’ SECOND CENTURY

Are U.S. national parks in the Upper Midwest acting as refugia?
Inside vs. outside park disturbance regimes

AraN A. Kirscasaum, '+ Eric Prarr,2 AND ULF B. GAFVERT!

1Great Lakes Inventory and Monitoring Network, National Park Service, Ashland, Wisconsin 54806 USA
2Department of Forest Ecosystems and Society, Oregon State University, Corvallis, Oregon 97331 USA

Citation: Kirschbaum, A. A, E. Pfaff, and U. B. Gafvert. 2016. Are U.S. national parks in the Upper Midwest acting as
refugia? Inside vs. outside park disturbance regimes. Ecosphere 7(9):e01467. 10.1002/ecs2.1467

Abstract. Landscape disturbances such as forest harvest, blowdowns, fire, and development activities
create patches on the landscape that modify the structure and integrity of ecosystems. Understanding
the agents of change, where they occur, and how much of the landscape they are affecting will assist
resource managers in making difficult decisions. To fulfill this goal, the National Park Service implement-
ed a long-term monitoring program to quantify landscape dynamics across 1.5 million ha within and adja-
cent to eight national parks in the Upper Midwest United States using an automated satellite-based change
detection program called LandTrendr (Landsat-based detection of trends in disturbance and recovery).
The disturbance agents detected inside parks included beaver, blowdown, development, fire, flooding,
insect/disease, and forest harvest. Pictured Rocks National Lakeshore had the largest percentage of area
affected inside a park (11.83%, 1.96% per yr), and Isle Royal National Park had the lowest percentage of
land affected (0.03%, 0.05% per yr). Tree defoliation due to insect/disease affected the largest percentage
of land inside parks (1.56%, or 0.26% per yr) but did not result in tree mortality. Adjacent to parks, distur-
bance agents detected included agriculture, beaver, blowdown, development, insect/disease, fire, flood-
ing, and forest harvest. Lands adjacent to Pictured Rocks National Lakeshore experienced the highest rate
of disturbance (8.75%, 1.45% per yr), largely due to forest harvests. The lands adjacent to the Mississippi
National River and Recreation Area experienced the lowest percentage of change (0.62%, 0.10% per yr),
with development activities being responsible for most of the change. Forest harvesting was the major
change agent outside six of the eight parks, an indication of how important the wood products industry
is in the region and the level to which this region is forested. These national parks are acting as integral
buffers from adjacent lands that either do not have the ability or lack the capacity to allow the ecosystem
to function without intensive management efforts.
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INTRODUCTION

The U.S. National Park System was established
a century ago in an attempt to protect certain
iconic landscapes from the threats of human
exploitation. At the time, such preservation
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efforts attended primarily to the static elements
of nature such as physical land features and the
endemic biota that inhabit them. Since then,
we have come to appreciate the importance
of national parks not only as passive refugia
designed to preserve natural structure, but also
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as places where large-scale ecosystem dynam-
ics, even disruptive ones, are allowed to oper-
ate with minimal human interference (Vitousek
et al. 1996, Hansen et al. 2014). Today, the U.S.
National Park System serves dually as publically
accessible nature reserves and as living labora-
tories for the study of natural processes, such as
wildfire, and predator—prey dynamics that once
dominated a wild North America (Peterson et al.
1984, McLaren and Peterson 1994, Ripple and
Beschta 2003), but have since been excluded from
most landscapes (Robinson and Wilcove 1994,
Robinson et al. 1995, Sloan et al. 1998).
Knowledge gained in national parks by study-
ing the resistance and resilience of ecosystems to
natural disturbance has proven extremely valu-
able in the management of natural resources
across a variety of public and private landscapes
(Turner et al. 1989, Wolter and White 2002, Stueve
et al. 2011a). However, differences between the
habitats, land cover, and disturbance agents
inside national parks and just outside their bor-
ders are often stark and broad-scale inventories
of disturbances across these boundaries have
been lacking (Cole and Landres 1996). To help
fill this knowledge gap, the National Park Service
implemented a long-term monitoring program to
quantify landscape dynamics across 1.5 million ha
within and adjacent to eight national parks in the
Upper Midwest United States using an automated
satellite-based change detection program called
LandTrendr (Landsat-based detection of trends in
disturbance and recovery) (Kennedy et al. 2010b).
Several different disturbance agents affect land-
scapes in the Upper Midwest, each of which can
be quantified in space and time using LandTrendr.
Forest harvest and building development are the
dominant change agents on nonprotected forested
land, typically creating a mosaic of disturbance
patches (Mladenoff and Pastor 1993, Sturtevant
et al. 2004). Forests in this region, both inside and
outside national parks, are also subject to a vari-
ety of natural disturbances including high winds
(referred to hereafter as blowdowns; Canham
and Loucks 1984, Lorimer and White 2003, Moser
et al. 2007, Nelson et al. 2009), flooding due to
beaver activity (referred to hereafter as beaver;
Smith et al. 1991, Johnston and Windels 2015),
wildfires (referred to hereafter as fire; Heinselman
1973, Loope 1991, Scheller and Mladenoff 2005,
Weyenberg and Pavlovic 2014), and tree mortality
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and defoliation resulting from forest pathogens
such as forest tent caterpillar, gypsy moth, beech
bark disease, and emerald ash borer (referred to
hereafter as insect/disease; Papaik et al. 2005, Wood
et al. 2010, Pugh et al. 2011, DeSantis et al. 2013).
By providing a regional inventory of distur-
bance events over space and time, we aim to pro-
vide ecologists and land managers throughout
the Upper Midwest a better understanding of
how disturbance is shaping the region and how
these endemic processes may themselves respond
to external forces such as climate change, spe-
cies invasions, and changing human pressures.
Specifically, we set out to answer the following
questions: (1) What disturbance agents were pres-
ent during our analysis period in and adjacent to
national parks? (2) How did disturbance patch
characteristics vary among agents? (3) How did
disturbance patch characteristics vary across park
boundaries? (4) How is the land cover mosaic
responding to various disturbance types?

METHODS

Study area

The climate in the study area region is mid-
continental with mean annual precipitation rang-
ing from 645 to 907 mm and temperatures that
vary from minus 40°C in winter to over 32°C in
summer. Due to lake effects near the Great Lakes,
annual snowfall varies widely from 711 to 346 mm.
Vegetation diversity is high as parks in the study
intersect portions of seven Environmental Pro-
tection Agency (EPA) Level III North American
Ecoregions (Woods et al. 1996). The northern por-
tion of the study area consists of forests domi-
nated by Populus tremuloides (trembling aspen),
Abies balsamea (balsam fir), Pinus banksiana (jack
pine), and Pinus resinosa (red pine). The central
part of the study area is comprised of north central
hardwood forests dominated by Quercus spp.
(oak), Carya spp. (hickory), and Fraxinus spp. (ash)
and agricultural land use, typically row crops
such as corn and soybeans. In the southern part of
the region, the landscape is dominated by corn
belt plains which were originally tallgrass and
short-grass prairies.

Eight national parks within the National Park
Service Great Lakes Inventory and Monitoring
Network (GLKN) were monitored as part of this
analysis (Fig. 1). Five of the parks, Isle Royale
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Fig.1. Location of the eight parks and areas outside the parks analyzed for this study.

National Park (ISRO), Pictured Rocks National
Lakeshore (PIRO), Apostle Islands National
Lakeshore (APIS), Sleeping Bear Dunes Nati-
onal Lakeshore (SLBE), and Indiana Dunes
National Lakeshore (INDU), are located on either
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Lake Superior or Lake Michigan. The remaining
three parks, St. Croix National Scenic Riverway
(SACN), Mississippi National Recreation River
Area (MISS), and Voyageurs National Park
(VOYA), are located on large river systems or
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lakes inland from the Great Lakes. The parks
range in size and shape from the 28.5 ha ser-
pentine corridor surrounding MISS to the large
231,396 ha island of ISRO. Lastly, Voyageurs
National Park includes portions of the United
States and Canadian border lake complex with a
mosaic of freshwater lakes, ponds, and streams.

As part of this study, the entire park area was
analyzed, and in addition to the parks, lands
adjacent to the parks were also analyzed. At five
parks (APIS, INDU, MISS, SACN, and SLBE),
the areas outside the parks were defined by level
10 delineations of the National Hydrography
Dataset’s Hydrologic Unit Code (nhd.usgs.gov).
At the remaining three parks (ISRO, PIRO, and
VOYA), a 5-km minimum buffer around the park
was used to define the analysis area. In total, 1.5
million ha was monitored, of which 86% were
outside the parks (Table 1).

Image analysis

Although the entire Landsat archive (1984-
2014) was used for disturbance detection at each
park, we were limited to validating disturbances
for a 6-yr span at each park. The exact years sum-
marized vary slightly among parks due to the
order in which the parks were analyzed (Table 1).
For example, in 2008, we analyzed and summa-
rized VOYA, choosing the most recent 6-yr time
period, 2002-2007. Then, the following year
(2009) we analyzed ISRO and reported on distur-
bances from 2003 to 2008. There were also years
in which we processed two parks in the same
year, that is, MISS and SACN (Table 1). Lastly,
612 Level 1T Landsat Thematic Mapper and
Enhanced Thematic Mapper + images from 11
scenes were selected and downloaded from the

United States Geological Survey Global
Visualization Viewer archive (glovis.usgs.gov)
(Table 2). Images selected were from the mid-
summer season (1 July-31 August).

Disturbance detection methodology

We used a set of processing and analysis steps
collectively known as LandTrendr (Kennedy
et al. 20104, b, 2012). Using statistical fitting algo-
rithms, LandTrendr works on a per pixel (30 m
resolution) basis to describe a time series of spec-
tral reflectance values, capturing the shape of the
time series curve, while smoothing undesired
random noise, such as phenological condition or
sun angle at the time of image acquisition.
LandTrendr identifies periods of spectral stabil-
ity (no change) and instability (change). For this
analysis, we only report on changes, where and
when they occur.

To minimize effects of phenological vari-
ation, we selected Landsat images between
July and August of each year (1984-2014). We
preprocessed Landsat images following standard
procedures for atmospheric correction and cloud/
shadow screening. We atmospherically cor-
rected images using the Landsat Ecosystem Dis-
turbance Adaptive Processing System (Vermote
et al. 1997, Masek et al. 2006). Clouds, associated
shadows, and missing pixel data were masked
using the Fmask algorithm developed by Zhu
and Woodcock (2012). These processed images
served as the base on which LandTrendr algo-
rithms were run. We used the normalized burn
ratio (Deering 1989, Key and Benson 2006) and
band 5 (short-wave infrared) with LandTrendr
because it has been shown that band 5 is more
effective at detecting short duration (<2 yr),

Table 1. Analysis years and land area monitored for each park (inside and outside).
Year Analysis Inside park Outside park Total land
Park established years land area (ha) land area (ha) area (ha)
Voyageurs NP (VOYA) 1971 2002-2007 53,036 93,526 146,562
Isle Royale NP (ISRO) 1940 2003-2008 54,067 102,574 156,641
Apostle Islands NL (APIS) 1970 2004-2009 16,563 169,443 186,006
Mississippi NRRA (MISS) 1988 2005-2010 16,107 141,996 158,103
St. Croix NSR (SACN) 1968 2005-2010 32,108 220,461 252,569
Picture Rocks NL (PIRO) 1966 2006-2011 26,435 203,675 230,110
Sleeping Bear Dunes NL (SLBE) 1970 2006-2011 24,096 191,884 215,980
Indiana Dunes NL (INDU) 1966 2007-2012 6195 155,159 161,354
Total 228,607 1,278,718 1,507,325
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Table 2. Landsat images used in the study.

Scene No. of

path/row images Missing years?

22/28 85

22/29 69 1991

22/31 53 1985, 1989, 1992
23/28 86

25/26 48 1985, 1992, 1994, 1997, 2001
25/27 34 1985, 1990, 1992, 1994, 1997, 2001
26/27 34 1987, 1989, 1991, 1994
26/28 49 1987, 1994, 1996, 1997
26/29 48

27/26 56 1985, 1999

27/29 50 2001

abrupt changes such as forest harvest clear-cuts
(Schroeder et al. 2011), while NBR is more sensi-
tive to subtle disturbances such as partial forest
harvests (Kennedy et al. 2012).

Patch definition

To delineate patches, adjacent pixels experi-
encing disturbances in the same year were
assumed to have experienced the same event and
were grouped together using an 8-neighbor adja-
cency rule. Patches with 10 or fewer pixels were
removed from the data set to avoid small, often-
unverifiable disturbance events. This size was
small enough to capture most forest harvests in
addition to other disturbance agents such as bea-
vers, some development activities, and blow-
downs. We merged the outputs from NBR and
band 5 using a patch agglomeration script that
evaluated each individual patch from the NBR
output and determined whether any part of a
patch in the band 5 output overlapped geograph-
ically and occurred in the same year. If so, the
pixels in the two patches were merged into one
disturbance patch.

Assessment of LandTrendr segmentation

At 1000 individual plots distributed randomly
across all lands in the study area, we assessed the
accuracy of the LandTrendr pixel-resolution
change detection using TimeSync (Cohen et al.
2010). We chose to use TimeSync because Cohen
et al. (2010) showed that interpretations made
using this technique agree strongly with inde-
pendent reference data and is consistent across
years and ownerships. We labeled each plot
as stable or disturbed and for each disturbance
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assigned a confidence level (high, medium, low)
and change agent (agriculture, beaver, develop-
ment, fire, forest harvest, or insect).

To assess the accuracy of LandTrendr algo-
rithms, the 3 x 3 pixel plot was intersected with
the disturbance polygons, and a match was
counted if the polygon and interpreter agreed on
the disturbance within 1 yr of each other.

Interpreter-based validation and attribution of
change

We chose to validate every (census) distur-
bance polygon that was generated by Land Trendr
to remove commission errors (false positives)
and at the same time determine the change agent.
If a polygon spanned boundaries (inside/outside
park), we attributed the polygon with the major-
ity of the polygon represented. Validation of pos-
sible disturbances followed details given in
Kirschbaum and Gafvert (2010) and is briefly
summarized here. After disturbance polygons
were created by LandTrendr, the next step was to
validate whether a change occurred in the poly-
gon and document the agent of change (Table 3).
To determine whether changes had occurred, we
used high-resolution (<1 m) imagery (airphoto
and satellite). The majority of the imagery used
was from the National Agriculture Imagery
Program (NAIP) with a pixel resolution of 1 m.
When validating disturbances in Canada where
NAIP imagery was not available, we relied on
satellite imagery from various satellites such as
WorldView-1, WorldView-2, Quickbird, and
GeoEye-1 with pixel resolutions ranging from 0.3
to 1 m. In addition to imagery, we also used
spatial information from the U.S. Forest Service
Insect and Disease surveys (http://foresthealth.
fs.usda.gov/portal/Flex/IDS). Contextual infor-
mation such as forest type, ownership, and
drainage boundaries was important for deter-
mining the disturbance agent. Lastly, we also
viewed the entire Landsat image stack (1985-
2014) for each prospective disturbance and a
graph of the reflectance values through time
(1985-2014) of said disturbance. By viewing
high-resolution imagery, ancillary data, Landsat
imagery, and reflectance values, our interpreta-
tion eliminated false positives, while preserving
more subtle disturbances such as defoliation or
slow vegetation declines. In a GIS environment
utilizing high-resolution imagery, ancillary data
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Table 3. Disturbance agents identified in this study and how interpreters identify each.

Disturbance agent

Description and means of identification

Agriculture

Conversion of a nonagricultural land use/land cover type (e.g., forest, wetland) to an

agricultural land use (row crops, pasture, hay).

Beaver

Landscape changes caused by beaver dams. Identified by flooding (i.e., presence of

water) of wooded wetlands and the subsequent killing of trees.

Blowdown

The uprooting and tipping over of trees by wind. Blown down trees are evident in

high-resolution airphotos and are usually oriented in the direction of the wind event.

Development

Permanent conversion of vegetated surface to nonvegetated surface such as mines, paved

roads, parking lots, buildings, and houses.

Fire

Detection is limited to instances where there is mortality in the overstory. Thus, areas in

which fires only burn the understory are not delineated.

Flooding

Detection of flooding is distinguished from a beaver disturbance due to the lack of beaver

ponds proximal to disturbance.

Forest harvest (light)

Most easily identified by the proximal presence of pervious roads and very linear

features outlining the extent of the disturbance. This category of forest harvest has
60-90% of the overstory remaining.

Forest harvest (moderate)

Same contextual information as forest harvest (light) however, this harvest category has

30-59% of the overstory remaining.

Forest harvest (heavy)

Same contextual information as forest harvest (light); however, this harvest category has

0-29% of the overstory remaining.

Insect/disease (defoliation)
Insect/disease (mortality)
Other

Disturbances in the overstory due to insects or diseases that result in tree defoliation.
Disturbances in the overstory due to insects or diseases that result in tree mortality.
When the interpreter is unable to determine the causal agent, this category is used.

sets, and the Landsat imagery itself, we validated
a total of 24,563 LandTrendr-delineated distur-
bance polygons among the eight parks, remov-
ing all false-positive (commission) polygons
from the summary analysis. As all of our analysis
areas differ in size, disturbance area was com-
puted as percentage of land area, excluding bod-
ies of water as delineated by the 2006 National
Land Cover Database (Fry et al. 2011).

Our work corroborated what has been shown
in past studies (Cohen et al. 2010, Antonova
et al. 2011) that on-screen validation of polygons
with the aid of high spatial resolution imagery,
in addition to high temporal resolution (yearly)
Landsat imagery and Landsat reflectance val-
ues, is as good as any ancillary or ground-based
validation method. The most obvious distur-
bances such as forest clear-cuts and develop-
ment are the two main disturbances that can
be field-validated; however, they are also the
disturbances most easily validated with high-
resolution imagery and/or Landsat imagery.
More subtle or older disturbances are largely
not possible to validate in the field due to logisti-
cal constraints (too remote to access) or because
the evidence (e.g., insect/disease, low level forest
harvests) has been masked by time (Cohen et al.
2010, Antonova et al. 2011).
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Assessment of LandTrendr segmentation

Based on point-level comparison with human
interpretation, the LandTrendr segmentation
had commission and omission rates of 24.7% and
7.3%, respectively (Table 4). On just over half
(515) of the plots, the human interpreter and
LandTrendr agreed that no disturbance occurred.
Lastly, there were 165 plots (16.5%) that the inter-
preter and LandTrendr agreed there was a dis-
turbance (Table 4).

Disturbance agents inside park boundaries

There were very few tree-killing disturbances
detected inside the eight parks during the analy-
sis period (Fig. 2). The three parks with the high-
est percentage of land disturbed were APIS,
PIRO, and SLBE, with the bulk of the distur-
bances at APIS and SLBE the result of a tree defo-
liation event that did not kill any trees (Fig. 2).
The defoliation events at APIS and SLBE affected
7.68% and 4.80% of the land, respectively, and
did not result in any tree mortality. At PIRO, the
majority (72%) of the disturbances were due to
forest harvest activities that are allowed inside
the inland buffer zone of the park and collec-
tively disturbed 8.56% of the land (Fig. 2). The
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Table 4. Agreement between point-based interpretation of disturbance using TimeSync and LandTrendr seg-

mentation results.

Interpreter confidence LandTrendr
commission
Methodology Disturbance agent High Medium Low nondisturbed
Matched segment Agriculture 1 247
Beaver 6 1
Development 28 2
Fire 1 2
Forest harvest 84 3 1
Insect/disease (mortality) 18 14 5
None 515
LandTrendr omission Nondisturbed 55 14 4

Notes: Any pixel within a 3 x 3 pixel window with agreement is considered a match. A total of 1000 random plots were

chosen for this accuracy assessment.

remaining disturbances at PIRO were due to
insect/disease mortality (beech bark disease) that
disturbed 3.10% of the land and 0.17% of the land
due to development (Fig. 2). At VOYA, distur-
bance due to fire affected 0.34% of the land, fol-
lowed by beaver (0.18%) and blowdown (0.15%)
(Fig. 2). Fire was also detected at SACN affecting
0.16% of the land. Similar to PIRO, this park also
allows forest harvests inside the park boundary,
and like PIRO, these forest harvests disturbed the
largest percentage of land (0.87%) (Fig. 2). At
MISS, only disturbances due to development
were present, affecting 0.38% of the land (Fig. 2).
Lastly, ISRO had the lowest amount of distur-
bance inside the park, with a mere 0.027% of land
affected by beaver, blowdown, and insect/dis-
ease mortality combined.

Disturbance agents outside park boundaries

Disturbance regimes outside the eight parks
can be grouped into three general categories. The
northern parks (VOYA, ISRO, APIS, and PIRO)
were dominated by forest harvest disturbances
outside the park boundaries, with little develop-
ment activity. The next disturbance regime cate-
gory includes parks in the rural/metro
intersection (SLBE and SACN) where distur-
bances are split among agricultural, develop-
ment, and forest harvests. Lastly, MISS and
INDU were dominated by development outside
their boundaries.

Among the parks dominated by forest har-
vests, the park with the highest percentage of
forest harvest was PIRO, with 8.50% of the land
disturbed followed by 5.96% at VOYA (Fig. 2). All
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of VOYA’s forest harvest was due to clear-cuts,
whereas two-thirds of PIRO’s forest harvests
left between 30% and 60% of the forest canopy
(Fig. 2). APIS and ISRO followed behind VOYA
with 3.83% and 2.48%, respectively. Forest har-
vests around APIS were nearly evenly divided
between the three harvest intensities (light, mod-
erate, and heavy), while those adjacent ISRO
were all clear-cuts (heavy) (Fig. 2). Forest har-
vests around SLBE and SACN affected 2.17%
and 0.69% of the lands and were split among the
different harvest intensities (Fig. 2). Each area
adjacent to a park experienced some disturbance
due to development, with those located near a
major metropolitan area experiencing the great-
est amounts. These parks were MISS, INDU, and
SLBE with 0.60%, 0.52%, and 0.20% of land dis-
turbed. The parks with the three lowest amounts
of development disturbance were VOYA (0.02%),
PIRO (0.08%), and APIS (0.11%). The only natu-
ral disturbances (nonanthropogenic) occurring
outside the parks that affected >0.02% of the land
were beaver and blowdown that both occurred
outside VOYA.

Patch size characteristics inside park boundaries
Median patch sizes inside parks due to natural
disturbance agents were largely below 4 ha in size
with notable exceptions at PIRO, SLBE, and APIS
(Fig. 3). There were six patches over 30 ha in size at
APIS and SLBE due to defoliation events and four
at PIRO that were the result of insect/disease
mortality (Fig. 3). Remaining disturbances with
median patch sizes over 4 ha in size were the result
of anthropogenic disturbances, more specifically,
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forest harvests. At PIRO, median patch sizes for
the three levels of forest harvests, light, moderate,
and heavy, were 8.80, 6.17, and 8.98 ha, respec-
tively (Fig. 3). Disturbances due to natural pro-
cesses, such as beaver, blowdown, and fire, were
much smaller. At VOYA, the median patch sizes
for blowdown, fire, and beaver were 2.29, 1.65, and
1.41 ha, respectively (Fig. 3).

Patch size characteristics outside park boundaries
Outside the parks, disturbance patches were
larger in size. PIRO had some of the largest
patches among all parks, the result of forest har-
vesting. The three levels of forest harvest at
PIRO, light, moderate, and heavy, had median
patch sizes of 6.57, 4.41, and 8.79 ha, respectively
(Fig. 4). PIRO also had the largest single patch
size (945 ha) among all parks, the result of a for-
est harvest (Fig. 4). Outside VOYA, the median
patch size of forest harvest (heavy) was 5.72 ha
with an average patch size of 16.08 ha and a max-
imum patch size of 332 ha (Fig. 4). Other agents
present outside VOYA were beaver, blowdown,
and development with median patch sizes of
2.51, 329, and 0.93 ha, respectively. Outside
APIS, the median patch sizes of forest harvest
light, moderate, and heavy were 3.32, 3.69, and
2.88 ha, similar to the forest harvest patch sizes
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outside ISRO at 3.60 ha. At MISS and INDU,
patch size among disturbance agents was smaller.
The median patch size at MISS for all agents was
below 2 ha, and at INDU, the median patch size
for all agents except development, flooding, and
forest harvest (moderate) was below 3 ha.

DiscussioN

Inside the parks

After analysis, it appears that the parks are
serving largely as refugia as evidenced by the rel-
ative lack of anthropogenic disturbances inside
park boundaries. The disturbance agents we
detected inside the parks were dominated by nat-
ural disturbance agents such as beaver, blow-
down, fire, and insect/disease. These drivers of
change are important in many ways. For exam-
ple, inside VOYA, there were four times as many
disturbances due to beaver (on a per area basis)
compared to lands adjacent to the park. Beavers
have been shown to be important ecological
driver of change due to their ability to modify
ecosystems by changing the geomorphology and
ultimately the hydrologic and biotic properties of
the landscape (Collen and Gibson 2000, Rosell
et al. 2005). Various cover types occur within bea-
ver impoundments, first with the creation of new
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Fig. 3. Estimated disturbance patch size (ha) inside parks. Box represents upper and lower quartiles, solid
vertical line is the median, horizontal line represents minimum and maximum values (excluding outliers), and
dots represent outliers (more or less than one and half times the upper and lower quartiles). The y-axis is on a
log base 2 scale.
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dots represent outliers (more or less than one and half times the upper and lower quartiles). The y-axis is on a
log base 2 scale.
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ponds that contain flood-tolerant trees or shrubs
or standing dead trees that have been killed by
deeper, longer inundation (Hyvonen and Nummi
2008). After a beaver leaves an area, the dam
eventually fails, sometimes draining a large area
in which a saturated wetland inhabited by grasses
and sedges exists (Wright et al. 2003, Little et al.
2012). If left long enough, this wetland meadow
will eventually be inhabited by shrubs (Remillard
et al. 1987). Johnston and Naiman (1990) docu-
mented a 43% decline in tree density and basal
area after beaver activity, showing the level to
which these mammals can affect the forest com-
position due to their browse preference for trem-
bling aspen. Thus, the lower rate of disturbance
due to beaver outside VOYA may point to an
aggressive removal of beavers by trapping,
removal of beaver dams, or simply the lack of
appropriate habitat.

Also of note is the overall lack of fire inside
the parks. VOYA was the only park with a con-
siderable amount of land affected by fire. The
fire within VOYA affected 180 ha, creating a
mosaic of forest burned at varying intensities.
Possible contributing factors to the low amounts
of fire could be due to the parks’ prior history,
as many of the parks were formed after changes
in the vegetation had already occurred through
prior land use. Paulson et al. (2016, this issue)
documented the shift in forest community com-
position since the 19th century toward early-
successional species (aspen and maple) and
declines in fire-dependent species (jack pine,
red pine, bur oak) and species present during
the early 20th-century cutover (white pine and
hemlock). At ISRO, fire was the major distur-
bance agent between 1843 and 1900 when much
of the forest was burned by mining companies
to accommodate prospectors (Snyder and Janke
1976). Since then, there have been two large
stand replacing fires, one in 1904 on the south-
west end of the park (Cooper 1928) and another
fire in 1936 which severely burned over 20% of
the land on the island (Snyder and Janke 1976).
The current lack of wildfires at ISRO could sup-
press regeneration of vegetative browse utilized
by moose, negatively impacting ecosystem engi-
neers such as moose and beaver (Jordan et al.
2000, Scarpino 2011). In the Upper Midwest,
wildfires have been greatly suppressed, leav-
ing straight-line wind the predominant natural
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disturbance in the region (Frelich and Lorimer
1991, Schulte and Mladenoff 2005, Stueve et al.
2011b).

Outside the parks

Outside the parks, anthropogenic activities in
the forms of agriculture, development, and forest
harvest were the dominant disturbance agents
(Fig. 2). At the two northernmost parks (VOYA
and ISRO), the majority of forest harvests were
clear-cuts (forest harvest—heavy) indicating
even-aged management of forested areas. Keller
et al. (2003) showed that breeding bird species
richness in northeastern U.S. forests was highest
in 2- to 6-yr-old clear-cuts, declining rapidly after
year 10. If the forests outside these parks continue
to be managed in such a way as to maximize
stand heterogeneity through rotation techniques,
there should be a high diversity of breeding birds
outside the park. Arguably, there could be a
greater diversity of breeding birds outside parks
than inside parks due to the higher levels of habi-
tat creation in the form of age diversity. Outside
SLBE, PIRO, APIS, and SACN, forest harvests
were spread among the three different harvest
levels, creating a much more diverse mosaic of
forest vegetation, age, and, ultimately, structure
(Carleton and MacLellan 1994, Spies et al. 1994,
Edenius and Elmberg 1996, Gauthier et al. 1996,
Schulte and Niemi 1998). However, the large
amounts of forest harvest we detected around
four parks (VOYA, ISRO, APIS, and PIRO) may
be disrupting migration corridors for small mam-
mals and ungulates, potentially isolating popula-
tions inside the park and causing genetic
bottlenecks (Wayne et al. 1991, Machtans et al.
1996, Schmiegelow et al. 1997, Russell et al. 2004).

Although forest harvest can have a negative
impact on the landscape in the form of addi-
tional runoff, fragmentation, and loss of cover, it
continues to be vegetated and will regrow into
a forest again. Conversely, disturbances due to
development will, in most cases, permanently
change the landscape from a vegetated class to
a nonvegetated class such as impervious surface
(parking lots, buildings, etc.) or at the very least,
an herbaceous class (lawns). The dominance of
forest harvest as a disturbance agent outside
these parks corresponds to the low popula-
tion density in lands adjacent to the parks with
these regions depending on resource extraction
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for their livelihood. Although we saw low lev-
els of disturbance by development adjacent to
these parks, this is a trend we should continue to
monitor as there have been studies that show an
increase in anthropogenic pressure adjacent to
natural areas due to the desirability of living next
to them (Radeloff et al. 2010, Gimmi et al. 2011,
Hansen et al. 2014).

Large natural perturbations can be ecologi-
cally beneficial by resetting the successional pro-
cess and adding to an area’s biodiversity (Dale
et al. 1998, Turner et al. 1998). In the Great Lakes
region, the most dominant disturbance agents
have historically been fire and wind, with return
intervals of 100 and 2000 years, respectively
(Heinselman 1973, Canham and Loucks 1984,
Frelich and Lorimer 1991). Unfortunately, forest
harvests cannot serve as a surrogate for natural
disturbances due to the differences in processes
and the resulting changes in forest structure
(Franklin et al. 2002).

To mitigate the effects of these anthropogenic
disturbances, park managers may need to create
more protected areas or work cooperatively with
landowners outside the parks to provide use-
able corridors between the parks, especially due
to migrations related to climate change (Halpin
1997, Frelich and Reich 2009). Currently, areas
outside the park are much more fragmented
than the parks due to high levels of harvest and
development. Hence, these areas cannot be used
or navigated through by certain species.

In conclusion, continuing to monitor the lands
inside and outside the parks to fully under-
stand change over time will become increasingly
important as further development fragments the
landscape and stresses from climate change put
increased pressure on the parks. If we value these
ever more rare pockets of refugia, land managers
will need to have information to understand the
continuing life history of the parks to help them
react to future changes and challenges.
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