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Executive Summary 

Voyageurs National Park (VOYA) was formally established as a unit of the National Park Service 

(NPS) in 1975 after the passage of Public Law 91-661 in 1971. Its purpose is:  

ñto preserve, for the inspiration and enjoyment of present and future generations, the 

outstanding scenery, geological conditions and waterway system which constituted a part of 

the historic route of the Voyageurs who contributed significantly to the opening of the 

Northwestern United States.ò 

VOYA is located in a sparsely populated area of northern Minnesota along the US border with 

Ontario. Its 829 km2 area is part of a larger ecosystem that includes the 4,856 km2 Boundary Waters 

Canoe Area Wilderness and the 4,452 km2 Quetico Provincial Park in Canada. VOYA lies within the 

lower end of the Rainy River watershed, which is one of the upper headwaters of Hudson Bay. Land 

ownership in the watershed upstream of VOYA is a mosaic of national forest, state, private, and 

private industrial (pulpwood production) lands in Minnesota and crown land (publicly owned mixed 

use land) in Ontario.  

VOYA is located in the Laurentian Mixed Forest ecological province and is at the southern end of 

the southern boreal forest type. The most abundant forest associations are Aspen-Birch/Boreal 

Conifer and its close associate Aspen-Birch/Red Maple, Spruce-Fir-Aspen, and Pine-Aspen-Birch. 

These are indicative of the influence of past logging and fires on the park. 

Approximately 40% of VOYA is covered by water, and four major lakes (Kabetogama, Namakan, 

Rainy, and Sand Point) make up 96% of the parkôs total lake area. Lake levels in the parkôs four 

largest lakes are controlled by a dam crossing the Rainy Lake outlet at the international border 

between Fort Frances, ON and International Falls, MN, as well as by small dams at Kettle Falls and 

Squirrel Falls on Namakan Lake and two natural spillways. VOYA also has 26 interior lakes and 

numerous streams and wetlands. 

This Natural Resource Condition Assessment was undertaken to evaluate current conditions for a 

subset of natural resources and resource indicators in VOYA. Using a framework developed by the 

Science Advisory Board of the United States Environmental Protection Agency, natural resources 

were evaluated in six categories: natural disturbance regimes, landscape condition, biotic condition, 

chemical and physical characteristics, ecological processes, and hydrology and geomorphology. A 

total of 39 resources and indicators were evaluated (Table i) by reviewing existing data from peer-

reviewed literature and state and federal agencies, including NPS. Data were analyzed where possible 

to provide summaries or new statistical or spatial representations. Of these 39 natural resource 

condition indicators, 17 were in ñgoodò condition, eight were in condition of ñmoderate concern,ò 11 

were in condition of ñsignificant concern,ò and the condition of the remaining three was ñunknown.ò 

Three had an improving trend, 21 were stable, one showed a deteriorating trend, and the trend for 14 

was uncertain. Confidence in the assessment was high for 24 indicators, moderate for 12, and 

unknown for three.  
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Table i. Condition and trend of natural resources and resource indicators evaluated for Voyageurs 
National Park. 

Condition and Trend Confidence Natural Resource or Resource Indicator 

 

Condition good,  

improving trend 
High 

Water quality ï dissolved oxygen ï large 

lakes 

 

Condition good, stable trend High 

Land cover change 

Road density 

Fish communities 

Water quality ï pH , dissolved oxygen, total 

nitrogen, total phosphorus, water clarity, 

chlorophyll a ï interior index lakes 

Water quality ï water clarity ï large lakes 

 

Condition good, stable trend Moderate 
Impervious surfaces 

Zoobenthic community 

 

Condition good, 

uncertain trend 
High 

Water quality ï pH ï large lakes 

Water quality ï chloride ï interior index 

lakes 

 

Condition good, uncertain trend Moderate 
Lightscape 

Terrestrial exotic plants 

 

Condition of  

moderate concern, improving 

trend 

High Water quality ï chlorophyll a ï large lakes 

 

Condition of  

moderate concern, stable trend 
High 

Air quality ï ozone  

Air quality ï visibility  

Water quality ï total phosphorus ï large 

lakes 

 

Condition of  

moderate concern, stable trend 
Moderate Vegetation structure and composition 

 

Condition of  

moderate concern, uncertain 

trend 

High Water quality ï alkalinity ï large lakes 

 

Condition of  

moderate concern, uncertain 

trend 

Moderate 
Forest density 

Earthworms 

 

Condition of significant concern, 

improving trend 
High Mercury in precipitation 

 

Condition of significant concern, 

stable trend 
High 

Air quality ï overall  

Air quality ï wet deposition of nitrogen  

Air quality ï wet deposition of sulfur 
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Table i (continued). Condition and trend of natural resources and resource indicators evaluated for 
Voyageurs National Park. 

Condition and Trend Confidence Natural Resource or Resource Indicator 

 

Condition of significant concern, 

stable trend 
Moderate 

Moose (short term) 

Aquatic invasive species 

 

Condition of significant concern, 

uncertain trend 
High 

Mercury in fish tissue (effects on fish) 

Water quality ï alkalinity ï interior index 

lakes 

 

Condition of significant concern, 

uncertain trend 
Moderate 

Mercury in fish tissue (human consumption) 

Mercury in surface waters 

 

Condition of significant concern, 

deteriorating trend 
Moderate Zooplankton community 

 

Condition unknown, unknown 

trend 
n/a 

Forest morphology 

Soundscape 

Water quality ï specific conductance 

 

Resources and resource indicators that are in good condition, with an improving or stable trend at 

VOYA, are land cover stability; low road density and density of impervious surfaces; the fish and 

zoobenthic communities; most water quality indicators (pH, dissolved oxygen, total nitrogen, total 

phosphorus, water clarity, and chlorophyll a) in the interior lakes; and water quality indicators 

(dissolved oxygen and water clarity) in the large lakes. Other indicators that appear to be in good 

condition but have insufficient information to determine a trend are the lightscape, low incidence of 

terrestrial exotic plants, and the water quality indicators of pH in the large lakes and chloride in the 

interior lakes. 

The condition of the forest at VOYA is of moderate concern, with a stable trend. The vegetation 

structure and composition, and the forest density, are likely outside the historic range of variability 

because of the importance of fire to the boreal forest. 

Conditions of significant concern, but with an improving or stable trend, are mercury in precipitation, 

overall air quality, wet deposition of nitrogen and sulfur from the atmosphere, aquatic invasive 

species, and the moose population. Other conditions of significant concern with an uncertain trend 

are mercury in fish tissue, both as a human health issue and a fish health issue; the low alkalinity 

levels in interior lakes (although this is a natural condition, it highlights their susceptibility to acid 

precipitation), and the condition of the zooplankton community, which is being harmed by the 

invasion of the exotic spiny water flea in the large lakes. 

A condition that was not specifically evaluated was the water level manipulation that occurs within 

Rainy Lake and the Namakan Reservoir. Early indications are that the 2000 rule curves, which 

allowed for water levels more similar to natural conditions, have had beneficial effects on wetlands, 
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water quality, macroinvertebrate communities, and ecosystem health in the Namakan Reservoir. A 

final decision on the rule curves and water level management, based on the results of 18 current 

research projects, will be made following an International Joint Commission review which will begin 

in 2015. 

Natural resources and resource indicators at VOYA are affected by activities and processes at scales 

ranging from local to global. Within VOYA, recreational users may be responsible for improper 

human waste and trash disposal and the spread of invasive species such as the spiny water flea. 

Endocrine-disrupting chemicals found in the sediments of Kabetogama Lake may indicate inputs 

from onsite wastewater disposal systems in the watershed. Management of the water levels in 

VOYAôs large lakes is based on decisions made by an international agency, the International Joint 

Commission. Mercury in the interior lakes in VOYA may have been deposited from industrial use in 

the region or globally. Climate change, which is not a focus of this report, could have significant 

effects on VOYAôs ecosystems and is a global phenomenon. VOYA resource managers will need 

help from local, state, federal, and international agencies and groups to address the threats to its 

airshed and its terrestrial and aquatic ecosystems.  
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1. NRCA Background Information 

Natural Resource Condition Assessments (NRCAs) evaluate current conditions for a subset of natural 

resources and resource indicators in national park units, hereafter ñparks.ò NRCAs also report on trends in 

resource condition (when possible), identify critical data gaps, and characterize a general level of 

confidence for study findings. The resources and indicators emphasized in a given project depend on the 

parkôs resource setting, status of resource stewardship planning and science in identifying high-priority 

indicators, and availability of data and expertise to assess current conditions for a variety of potential 

study resources and indicators.  

NRCAs represent a relatively new approach to assessing 

and reporting on park resource conditions. They are meant 

to complementðnot replaceðtraditional issue- and threat-

based resource assessments. As distinguishing 

characteristics, all NRCAs: 

¶ are multi-disciplinary in scope;
1
  

¶ employ hierarchical indicator frameworks;
2
 

¶ identify or develop reference conditions/values for 

comparison against current conditions;
3
 

¶ emphasize spatial evaluation of conditions and GIS 

(map) products;
4
 

¶ summarize key findings by park areas; and
5
 

¶ follow national NRCA guidelines and standards for study design and reporting products.  

Although the primary objective of NRCAs is to report on current conditions relative to logical forms 

of reference conditions and values, NRCAs also report on trends, when appropriate (i.e., when the 

underlying data and methods support such reporting), as well as influences on resource conditions. 

                                                   

1 The breadth of natural resources and number/type of indicators evaluated will vary by park.  

2 Frameworks help guide a multi-disciplinary selection of indicators and subsequent ñroll upò and reporting of data for measures 

] conditions for indicators ] condition summaries by broader topics and park areas  

3 NRCAs must consider ecologically-based reference conditions, must also consider applicable legal and regulatory standards, 

and can consider other management-specified condition objectives or targets; each study indicator can be evaluated against one 

or more types of logical reference conditions. Reference values can be expressed in qualitative to quantitative terms, as a single 

value or range of values; they represent desirable resource conditions or, alternatively, condition states that we wish to avoid or 

that require a follow-on response (e.g., ecological thresholds or management ñtriggersò). 

4 As possible and appropriate, NRCAs describe condition gradients or differences across a park for important natural resources 

and study indicators through a set of GIS coverages and map products.  

5 In addition to reporting on indicator-level conditions, investigators are asked to take a bigger picture (more holistic) view and 

summarize overall findings and provide suggestions to managers on an area-by-area basis: 1) by park ecosystem/habitat types or 

watersheds, and 2) for other park areas as requested. 

NRCAs Strive to Provideé 

Credible condition reporting for 

a subset of important park 

natural resources and indicators 

Useful condition summaries by 

broader resource categories or 

topics, and by park areas 
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These influences may include past activities or conditions that provide a helpful context for understanding 

current conditions, and/or present-day threats and stressors that are best interpreted at park, watershed, or 

landscape scales (though NRCAs do not report on condition status for land areas and natural resources 

beyond park boundaries). Intensive cause-and-effect analyses of threats and stressors, and development of 

detailed treatment options, are outside the scope of NRCAs.  

Due to their modest funding, relatively quick timeframe for completion, and reliance on existing data and 

information, NRCAs are not intended to be exhaustive. Their methodology typically involves an informal 

synthesis of scientific data and information from multiple and diverse sources. Level of rigor and 

statistical repeatability will vary by resource or indicator, reflecting differences in existing data and 

knowledge bases across the varied study components.  

The credibility of NRCA results is derived from the data, methods, and reference values used in the 

project work, which are designed to be appropriate for the stated purpose of the project, as well as 

adequately documented. For each study indicator for which current condition or trend is reported, critical 

data gaps are identified and the level of confidence is described in at least qualitative terms. Involvement 

of park staff and National Park 

Service (NPS) subject-matter 

experts at critical points during 

the project timeline is also 

important. These staff assist 

with the selection of study 

indicators; recommend data 

sets, methods, and reference 

conditions and values; and 

help provide a multi-

disciplinary review of draft 

study findings and products. 

NRCAs can yield new insights 

about current park resource 

conditions but, in many cases, 

their greatest value may be the development of useful documentation regarding known or suspected 

resource conditions within parks. Reporting products can help park managers as they think about near-

term workload priorities, frame data and study needs for important park resources, and communicate 

messages about current park resource conditions to various audiences. A successful NRCA delivers 

science-based information that is both credible and has practical uses for a variety of park decision-

making, planning, and partnership activities. 

However, it is important to note that NRCAs do not establish management targets for study indicators. 

That process must occur through park planning and management activities. What an NRCA can do is 

deliver science-based information that will assist park managers in their ongoing, long-term efforts to 

describe and quantify a parkôs desired resource conditions and management targets. In the near term, 

Important NRCA Success Factors 

Obtaining good input from park staff and other NPS 

subject-matter experts at critical points in the project 

timeline  

Using study frameworks that accommodate meaningful 

condition reporting at multiple levels (measures ] 

indicators ] broader resource topics and park areas) 

Building credibility by clearly documenting the data and 

methods used, critical data gaps, and level of confidence 

for indicator-level condition findings  
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NRCA findings assist strategic park resource planning
6
 and help parks to report on government 

accountability measures.
7
 In addition, although in-depth analysis of the effects of climate change on park 

natural resources is outside the scope of NRCAs, the condition analyses and data sets developed for 

NRCAs will be useful for park-level climate-change studies and planning efforts.  

NRCAs also provide a useful complement to rigorous NPS science support programs, such as the NPS 

Natural Resources Inventory & Monitoring (I&M) Program.
8
 For example, NRCAs can provide current 

condition estimates and help establish reference conditions, or baseline values, for some of a parkôs vital 

signs monitoring indicators. They can also draw upon non-NPS data to help evaluate current conditions 

for those same vital signs. In some cases, I&M data sets are incorporated into NRCA analyses and 

reporting products.  

Over the next several years, the NPS plans to fund a NRCA project for each of the approximately 270 

parks served by the NPS I&M Program. For more information on the NRCA program, visit 

http://nature.nps.gov/water/nrca/index.cfm.

                                                   

6 An NRCA can be useful during the development of a parkôs Resource Stewardship Strategy (RSS) and can also be tailored to 

act as a post-RSS project. 

7 While accountability reporting measures are subject to change, the spatial and reference-based condition data provided by 

NRCAs will be useful for most forms of ñresource condition statusò reporting as may be required by the NPS, the Department of 

the Interior, or the Office of Management and Budget.  

8 The I&M program consists of 32 networks nationwide that are implementing ñvital signsò monitoring in order to assess the 

condition of park ecosystems and develop a stronger scientific basis for stewardship and management of natural resources across 

the National Park System. ñVital signsò are a subset of physical, chemical, and biological elements and processes of park 

ecosystems that are selected to represent the overall health or condition of park resources, known or hypothesized effects of 

stressors, or elements that have important human values. 

NRCA Reporting Productsé 

 Provide a credible, snapshot-in-time evaluation for a subset of important park natural 

resources and indicators, to help park managers: 

Direct limited staff and funding resources to park areas and natural resources that represent 

high need and/or high opportunity situations 

(near-term operational planning and management) 

Improve understanding and quantification for desired conditions for the parkôs 

ñfundamentalò and ñother importantò natural resources and values 

(longer-term strategic planning) 

Communicate succinct messages regarding current resource conditions to government 

program managers, to Congress, and to the general public  

(ñresource condition statusò reporting)  

http://nature.nps.gov/water/nrca/index.cfm
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2. Introduction and Resource Setting 

2.1. Introduction 

2.1.1. Enabling Legislation 

Public Law 91-661, authorizing the secretary of the Department of the Interior to establish a 

Voyageurs National Park in northern Minnesota, was signed into law by President Richard Nixon on 

January 8, 1971, and the park was formally established in 1975 (Witzig 2000, Holmberg et al. 2005). 

The purpose of the law was:  

ñto preserve, for the inspiration and enjoyment of present and future generations, the 

outstanding scenery, geological conditions and waterway system which constituted a part of 

the historic route of the Voyageurs who contributed significantly to the opening of the 

Northwestern United States.ò 

2.1.2. Geographic Setting 

Voyageurs National Park (VOYA) is located in northern Minnesota (MN) (Figure 1) along the US 

border with Ontario (ON). Its 829 km2 area is part of a larger ecosystem that includes the 4,856 km2 

Boundary Waters Canoe Area Wilderness (BWCAW) and the 4,452 km2 Quetico Provincial Park in 

Canada (Figure 2). In MN, land ownership within the Rainy Lake watershed upstream of VOYA is 

mainly a mosaic of USDA Forest Service (national forest), state, private, and private industrial 

(pulpwood production) lands (MDNR 2002, 2008). In ON, the majority of land north and east of 

VOYA is crown land (publicly owned land) with a variety of commercial and recreational uses (LIO 

2014). West of Fort Frances, the majority of land is in private ownership (LIO 2008a, 2008b, 2008c).  

VOYA lies within the lower end of the 38,600 km2 Rainy watershed, which is one of the upper 

headwaters of Hudson Bay (Figure 3). Thirty-eight percent of VOYA is covered by water, and four 

major lakes (Kabetogama, Namakan, Rainy and Sand Point) make up 96% of the parkôs total lake 

area (Kallemeyn et al. 1993). Lake levels in the parkôs four largest lakes are controlled by a dam 

crossing the Rainy Lake outlet at the international border between Fort Frances, ON and International 

Falls, MN and influenced by small dams at Kettle Falls and Squirrel Falls on Namakan Lake. The 

management of these dams and their consequences for the VOYA ecosystem will be discussed in 

Chapter 5. 

2.1.3. Demographics and Visitation  

VOYA is located in a generally sparsely populated area; within a 30-km radius of the park, the 

population density is approximately 2.71 people km-2. This is a 3.1% decrease from ten years ago, 

when it was 2.81 people km-2 (Statistics Canada 2013, U.S. Census Bureau 2014a, 2014b). 

In the VOYA vicinity, the largest population centers are in International Falls, MN and Fort Frances, 

ON. Approximately 14,250 people lived there in 2010, but the populations of both communities have 

been in decline since the 1980s and the population of International Falls is expected to decline further 

(Minnesota State Demographic Center 2001, 2007, Statistics Canada 2006, 2011, U.S. Census 

Bureau 2014c) (Figure 4). Other population concentrations around VOYA are along Minnesota 11 

west of VOYA and on the south and west sides of Kabetogama Lake (Figure 5).  
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Figure 1. Location of Voyageurs National Park. (see Appendix A for sources). 
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Figure 2. Ownership of lands within the watershed of Voyageurs National Park (LIO 2008a, 2008b, 2008c, MDNR 2002, 2008). 
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Figure 3. Location of Voyageurs National Park in the Rainy watersheds and subwatersheds (USGS 

2012). 

 

Figure 4. Historic and projected populations for two communities near Voyageurs National Park  
(Minnesota State Demographic Center 2001, 2007, Statistics Canada 2006, 2011, U.S. Census Bureau 
2014c). 
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Figure 5. Population in the vicinity of Voyageurs National Park, 2010ï2011 (Statistics Canada 2013, U.S. Census Bureau 2014a, 2014b).



 

10 

 

VOYA has averaged 214,275 visitors per year since 1976, with a low of 121,200 in 1976 to a high of 

266,935 in 1980 (NPS 2014a) (Figure 6). From 2010ï2013, the most popular visitor activities were 

fishing (125,451ï140,883 users), houseboating (25,535ï31,649 users), and visiting the backcountry 

(16,131ï21,808 users) (Table 1) (NPS 2014b). 

 

Figure 6. Visitation at Voyageurs National Park from 1976ï2013 (NPS 2014a). 

Table 1. Visitor activities in Voyageurs National Park, 2010ï2013 (NPS 2014b). 

Activities 2013 2012 2011 2010 

Number of Anglers 140,883 131,257 126,764 125,451 

Number of Houseboaters 31,649 27,835 26,055 25,535 

Backcountry Users 21,808 18,267 16,614 16,131 

Visitors to Rainy Lake Visitor Center 9,298 12,430 12,561 13,859 

Visitors to Ash River Visitor Center 6,193 4,070 5,787 6,759 

Visitors to Kabetogama Visitor Center 4,120 11,075 14,657 13,939 

Snowmobilers 8,821 12,633 8,109 10,567 

Cross-Country Skiers 689 522 470 574 

Ice Fishers 6,310 3,682 20 2,883 

Visitor Days 116,334 271,847 226,978 327,874 

Total Recreation Visitors 233,388 214,841 177,184 253,892 

Backcountry Overnight Stays 21,808 18,267 16,614 16,131 

Kettle Falls Hotel Overnight Stays 3,617 4,065 4,434 3,674 

Houseboat Overnight Stays 31,649 27,835 26,055 25,535 
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2.2. Natural Resources 

2.2.1. Climate 

The climate of VOYA is continental, characterized by moderately warm summers and long, cold 

winters (Kallemeyn et al. 2003). NPS (2007) analyzed National Oceanic and Atmospheric 

Administration (NOAA) cooperative weather station data for Big Falls, Kettle Falls, and 

International Falls (stations 210746, 1948ïpresent; 214026, 1948ïpresent; and 214306, 1948ï1982, 

respectively) to characterize climate for the park. The mean annual temperature at VOYA was 6.5°C 

with a range of annual means of 0.7°Cï6.6°C. Mean annual precipitation was 64.5 cm with a range 

of annual means of 43.4ï89.4 cm (NPS 2007). The mean monthly maximum precipitation for 1981ï

2010 (10.0 cm) occurs in June, and the minimum (1.44 cm) occurs in February (NCDC 2014). Mean 

annual snowfall for the period was 180 cm (NCDC 2014). 

Although a thorough analysis of climate change is outside the scope of NRCAs, it is discussed briefly 

in Section 4.3.7. and will be considered as a stressor in the discussion of natural resources in Chapter 

4.  

2.2.2. Geology 

The enabling legislation for VOYA recognized the significance of its geologic resources; these 

contribute to the parkôs cultural resources and help create a ñhydrologically complex and sensitive 

environmentò for the parkôs waters (Graham 2007). VOYA is at the southern end of the Canadian 

Shield, which contains some of the oldest rocks in North America. Most rocks in VOYA are of 

Archean age (2.5ï >3.8 billion years old) and are of global significance for their relative rarity. 

Thirty-two distinct rock units have been mapped in the vicinity of VOYA. Biotite schist forms the 

bedrock of most of the Kabetogama Peninsula and is the most widespread rock type in VOYA 

(Graham 2007 and citations therein). A broad band of mixed gneiss trends through the middle of 

Namakan and Kabetogama Lakes, while granitic rocks occur south of Kabetogama Lake and 

Sullivan Bay (Graham 2007). 

The landscape of VOYA was also sculpted by glacial processes, leaving grooves and striations on 

bedrock, glacial erratics, and unconsolidated sediment during the Pleistocene ice age as recently as 

10,000 years ago. American Indians have lived in the VOYA vicinity for over 8,000 years, leaving 

pictographs on rock cliffs and artifacts such as slate knives and arrowheads (Graham 2007). In the 

1890s, miners created gold mines and a mica mine in VOYA; there are 12 mines with 16 known 

openings, and other mine openings may be present but as yet undiscovered (Graham 2007, review 

comments, Mary Graves, chief of resource management, VOYA, 12/12/14). 

2.2.3. Ecological Units and Watersheds 

Ecological classification systems (ECS) are intended to create a format to convey basic information 

on both the biological and physical characteristics of a landscape. MN has developed ECS mapping 

schema based on the National Hierarchical Framework of Ecological Units (MDNR 1999, IIC 2011). 

Provinces, the first level within the ECS, are further divided into sections, subsections, land type 

associations, land types, and land type phases.  
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VOYA is entirely within the Laurentian Mixed Forest (LMF) Province, which traverses northern 

MN, Wisconsin, and Michigan, southern Ontario, and the less mountainous portions of New 

England. In MN, the Province is characterized by broad areas of conifer forest, mixed hardwood and 

conifer forests, and conifer bogs and swamps. The landscape ranges from rugged lake-dotted terrain 

with thin glacial deposits over bedrock, to hummocky or undulating plains with deep glacial drift, to 

large, flat, poorly drained peatlands (MDNR 2014). Most of VOYA is in the Border Lakes 

subsection of the Northern Superior Uplands section of this province (Figure 7), with a small portion 

on the west side of Kabetogama Lake in the Littlefork-Vermilion Uplands subsection of the Northern 

Minnesota and Ontario Peatlands section. The soil types, terrain, presettlement vegetation, and 

present vegetation of the ECS subsections and land type associations present at VOYA are described 

in Table 2. 

2.2.4. Resource Descriptions 

VOYA, as a National Park, is designated as a Class I airshed, giving it particular protections against 

air emissions that are further described in Section 4.4.1. All of the waters within VOYA have been 

designated as ñOutstanding Resource Value Watersò by the state of Minnesota (MPCA Ch. 

7050.0180, MPCA 2013). Proposed wilderness makes up 58.4% of VOYA; this is 98.9% of the area 

that met initial wilderness qualifications. Areas proposed as wilderness are administered so as not to 

impair their suitability for eventual designation while awaiting congressional action (Holmberg et al. 

2005, NPS 2007, review comments, Mary Graves, chief of resource management, VOYA, 12/12/14). 

The Great Lakes Network Inventory and Monitoring Program of the NPS (GLKN) lists the following 

ñcritical resourcesò for VOYA (NPS 2007):  

¶ Loons (Gavia spp.), other aquatic-nesting birds, and bald eagles (Haliaeetus leucocephalus), 

due to regulated lake levels and aquatic contamination.  

¶ Walleye (Sander vitreum), due to its importance in sport fishing.  

¶ Gray wolves (Canis lupus).  

¶ Common terns (Sterna hirundo) and other colonial nesting birds, which have experienced 

declines throughout the region. 

¶ A number of rare plant communities associated with the southern end of the boreal forest. 

2.2.5. Resource Issues Overview 

The GLKN lists the following issues related to natural resources at VOYA: unnatural fluctuations in 

water levels, airborne pollutants, waters contaminated with toxic chemicals, invasive exotic plants 

and animals, diseases spread from domestic animals, and disturbance from certain human uses (NPS 

2007).  

Issues discussed as of significance during the initial scoping meeting with VOYA resource 

professionals included mercury contamination of water and aquatic biota; cyanotoxin production by  
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Figure 7. Ecological classification system provinces, sections, and subsections for Voyageurs National Park (MDNR 1999). 
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Table 2. Soil and vegetative characteristics of ecological classification system subsections and land type associations in Voyageurs National Park 
(MDNR 2000, 2007, Pro West et al. 2010). 

Subsection  Presettlement Vegetation Present Vegetation 
Land Type 
Association Terrain Soil Descriptions  

Border Lakes 

212 La 

Jack pine, white pine-red pine, and hardwood-
conifer forests, all characterized by fire 
dependence. 

Mostly forested (69%), 
with most forest types 
persisting with stand 
composition and 
structure similar to that 
present originally, 17% 
water, 12% 
bog/marsh/fen 

Ash Lake Till 
Plain  

212La17 

 

Rolling to steep 
bedrock-
controlled, 
intertwined with 
nearly level to 
rolling plains. 

Upland soils are generally 
thick with scattered areas of 
thin soil on ridge tops. Clayey 
soils over most of the LTA, 
with sandy loam and sandy 
soils in the higher portions of 
the landscape. 

Johnson Lake 
Bedrock 
Complex 

212La07 

 

Very hilly, with 
steep irregular 
slopes. Bedrock 
outcrops over 
much of area. 

Glacially deposited thin 
blanket of reddish brown 
sandy or sandy loam soil with 
many rocks. Lower hill sides 
and valleys occasionally 
contain grey clay. 

Voyageurs 
Bedrock 
Complex 

212La09 

Very hilly, with 
steep irregular 
slopes. Bedrock 
outcrops over 
much of area. 

Same as Johnson Lake 
Bedrock Complex. 

Littlefork-
Vermilion 
Uplands 
212Ma 

 

Aspen-birch forest that would eventually 
become conifer dominated (white pine, white 
spruce, and balsam fir). Eastern portion 
dominated by white pine, red pine, and jack 
pine forest. Lowlands occupied by sedge fen, 
black spruce-sphagnum bog, and white cedar-
black ash swamp. Low moraines and beach 
ridges dominated by jack pine forest or 
trembling aspen-paper birch forest. 

Crop and grass is 35% 
of present cover, 
upland conifer forest 
26%, and aquatic 
environments 13%. 
Quaking aspen is most 
common tree. 

Koochiching 
Peatlands 

212Ma01 

 

Low relief. Large peatlands with minor 
inclusions of upland mineral 
soils. 

Ericsburg Till 
Plain 

212Ma02 

Rolling till plain 
smoothed by 
wave action. 

Mostly clay, with the 
remaining mineral soils 
ranging from sand to sandy 
loam over bedrock. 
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algae in Kabetogama Lake; water level fluctuations; aquatic and terrestrial invasive species; 

declining lake trout populations in interior lakes; forest pests; mining; and climate change.  

Although as noted in chapter 1, climate change is not a primary focus of Natural Resource Condition 

Assessments such as this, the large predicted impacts make it necessary to address this topic at least 

briefly. A 2010 report projects that annual temperatures in the Great Lakes region, of which VOYA 

is a part, will increase 1.4°C ± 0.6°C from 2010ï2039, 2.0°C ± 0.7°C to 3.0°C ± 1.0°C (depending 

on emissions levels) by 2069, and 3.0°C ± 1.0°C to 5.0°C ± 1.2°C by 2099 (Hayhoe et al. 2010).  

Global air temperatures increased 0.74°C ± 0.18°C from 1906ï2005, mostly attributable to human 

activities (IPCC 2007). In addition to creating this general warming, climate change also likely 

contributes to rises in sea level; changes in wind patterns and extra-tropical storm tracks; increased 

temperatures on extreme hot nights, cold nights, and cold days; increased risk of heat waves; 

increased area affected by drought; and greater frequency of heavy precipitation events (IPCC 2007). 

Signs that climate change is already occurring in the Great Lakes region include increases in average 

annual temperatures, more frequent severe rainstorms, shorter winters, and decreases in the duration 

of lake ice cover (Kling et al. 2003a). By the end of the 21st century, winter and summer temperatures 

in Minnesota may increase 3°Cï6°C and 4°Cï9°C, respectively (Kling et al. 2003b). Annual average 

precipitation may not change much, but may increase in winter and decrease in summer to the point 

where soil moisture declines and more droughts occur. The frequency of heavy rainstorms could 

increase 50%ï100% (Kling et al. 2003b).  

The GLKN (2013) compared recent (2008ï2012) precipitation and temperature data for International 

Falls and Littlefork, MN, (1.3 km W and 3.1 km WSW of VOYA, respectively), to the 30-year 

climate normal at International Falls for 1971ï2000. Precipitation in the recent four-year period was 

nearly average relative to the 30-year baseline, but wetter than the 65-year baseline. Average summer 

precipitation was generally below the 65-year baseline. The pattern in the long-term temperature data 

was unclear. 

Monahan and Fisichelli (2014), in an analysis of climate in US national parks, used 10, 20, and 30-

year moving windows to calculate running means and standard deviations for 25 biologically 

relevant climate variables for 289 NPS parks. They used this information to identify parks that are 

presently experiencing ñextremeò climates (<5th percentile or >95th percentile) relative to their 1901ï

2012 range of variability. In their analysis (Table 3), VOYA is experiencing extremes in annual mean 

temperature, loss of temperature seasonality, mean temperature of the coldest quarter, loss of cloud 

seasonality, vapor pressure of the warmest quarter, and a low annual number of frost days. VOYA is 

also experiencing reduced variability in mean diurnal temperature range, mean temperature of the 

driest quarter, and mean annual percentage of cloud cover. 

More detailed discussions of climate change are included in the context of stressors to resources 

assessed in Chapter 4. 
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Table 3. Statistical analysis of climate data for Voyageurs National Park (from Monahan and Fisichelli 
2014). 

Variable 

Mean 
percentile 
across 
windows 
(means) 

Maximum 
difference 
in 
percentile 
across 
windows 
(means) 

Mean 
percentile 
(standard 
deviations) 

Maximum 
difference 
in 
percentile 
(standard 
deviations) 

Bio1 Annual mean temperature 99.49 1.910 83.6 13.4 

Bio2 Mean diurnal range  

(mean of monthly (max temp ï min temp)) 

36 24.2 4.311 9.9 

Bio3 Isothermality (Bio2/Bio7) 77.6 11.1 19.5 23.7 

Bio4 Temperature seasonality (standard deviation) 3.712 6.6 31.8 46.4 

Bio5 Maximum temperature of the warmest month 52.3 29.7 73.5 56.6 

Bio6 Minimum temperature of the coldest month 93 15.5 54.5 28.8 

Bio7 Temperature annual range (Bio5ï Bio6) 11.5 19.2 13.7 32.8 

Bio8 Mean temperature of the wettest quarter 80.4 34 19.5 27.8 

Bio9 Mean temperature of the driest quarter 90.3 9.1 3.813 4.614 

Bio10 Mean temperature of the warmest quarter 86 29.4 59.2 83.6 

Bio11 Mean temperature of the coldest quarter 95.415 11.7 59.2 13.7 

Bio12 Annual precipitation 94.4 13.5 74.4 33 

Bio13 Precipitation of the wettest month 57.6 47.7 71.9 24.6 

Bio14 Precipitation of the driest month 52.3 42.9 94.5 15.7 

Bio15 Precipitation seasonality (coefficient of variation) 34.7 47.6 60.6 33.6 

Bio16 Precipitation of the wettest quarter 82.5 41.7 71.7 34 

Bio17 Precipitation of the driest quarter 46.4 47.6 92.7 11 

Bio18 Precipitation of the warmest quarter 68.4 57.8 54.5 31.5 

Bio19 Precipitation of the coldest quarter 55.2 40.1 83.2 24.5 

Cld1 Mean annual percentage cloud cover 83.9 16.2 3.816 5.7 

Cld4 Cloud seasonality (standard deviation) 1.417 0.918 19.8 54.3 

Vap18 Vapor pressure of the warmest quarter 96.819 9.7 69.6 39.4 

Wet12 Annual number of wet days 70.9 19.2 89.8 15.6 

Wet18 Number of wet days of the warmest quarter 70.5 8.2 71.2 42.4 

Frs12 Annual number frost days 4.120 3.121 49.4 57.4 

                                                   

9 Annual mean temperature is higher than in 99.4% of past windows. 
10

 The assessment that annual mean temperatures are higher applies to the 10, 20, and 30-year windows. 
11

 Mean diurnal range has been less variable in only 4.3% of past windows. 
12

 Temperature seasonality has been lower in only 3.7% of past windows. 
13

 Mean temperature of the driest quarter has been less variable in only 3.8% of past windows. 
14

 The assessment that mean temperature of the driest quarter is less variable applies to the 10, 20, and 30-year windows. 
15

 Mean temperature of the coldest quarter is higher than in 95.4% of past windows. 
16

 Mean annual percentage cloud cover has been less variable in only 3.8% of past windows. 
17

 Cloud seasonality (standard deviation) has been lower in only 1.4% of past windows. 
18

 The assessment that cloud seasonality is lower applies to the 10, 20, and 30-year windows. 
19

 The vapor pressure of the warmest quarter is higher than in 96.8% of past windows. 
20

 The annual number of frost days has been lower in only 4.1% of past windows. 
21

 The assessment that frost days are lower applies to the 10, 20, and 30-year windows. 
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2.3. Resource Stewardship 

2.3.1. Management Directives and Planning Guidance 

VOYA has a General Management Plan, which was issued in 2002 and provides guidance for 

managing the park for 15ï20 years (NPS 2002). The plan lists the following purpose and significance 

statements relevant to ecological monitoring (NPS 2002, 2007):  

¶ Preserve the scenery, geologic conditions, and interconnected waterways in northern 

Minnesota for the inspiration and enjoyment of people now and in the future. 

¶ Preserve, in an unimpaired condition, the ecological processes, biological and cultural 

diversity, and history of the northwoods lake country border shared with Canada. 

¶ Provide opportunities for people to experience, understand, and treasure the lake country 

landscape ð its clean air and water, forests, islands, wetlands, and wildlife ð in a manner 

that is compatible with the preservation of park values and resources. 

¶ VOYA is integral to the protection of the boundary waters ecosystem. Along with Quetico 

Provincial Park and the Boundary Waters Canoe Area Wilderness, VOYA was and remains 

at the heart of a major conservation effort to protect the boreal forest landscape, its 

interconnected waterways, and associated wildlife. 

2.3.2. Status of Supporting Science 

VOYA is one of nine National Park units in the GLKN, one of 32 similar networks across the United 

States and part of the NPS strategy to improve park management through greater reliance on 

scientific information. The purpose of the GLKN Inventory and Monitoring program is to design and 

implement long-term ecological monitoring and provide results to park managers, science partners, 

and the public. The intent is to provide periodic assessments of critical resources, to evaluate the 

integrity of park ecosystems, and to better understand ecosystem processes. 

In 2007, GLKN completed its long-term ecological monitoring plan (NPS 2007) which included a 

list of Vital Signs (select indicators that represent the health of natural resources in the nine parks) 

(Table 4). Specific GLKN goals for Vital Signs monitoring are:  

¶ Determine status and trends of selected indicators of the condition of park ecosystems to help 

managers make better-informed decisions and work more effectively with other agencies and 

individuals for the benefit of park resources. 

¶ Provide early warning of abnormal conditions and impairment of selected resources to 

promote effective mitigation and reduce management costs. 

¶ Provide data to better understand the dynamic nature and condition of park ecosystems and to 

provide reference points for comparisons with other, altered environments. 

¶ Provide data to meet certain legal and congressional mandates related to natural resource 

protection and visitor enjoyment.  
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Table 4. Vital Signs for parks in the Great Lakes Network Inventory and Monitoring Program (NPS 2007). 

National Level
1
 Great Lakes Network

2
  

Level 1 Level 2 Vital Sign name 

A
P

IS
 

G
R

P
O

 

IN
D

U
 

IS
R

O
 

M
IS

S
 

P
IR

O
 

S
A

C
N

 

S
L

B
E

 

V
O

Y
A

 

Air and 
Climate 

Air Quality Air Quality Å Å Å Å Å Å Å Å Å 

Air Quality (AQRV) ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Weather Weather Å Å Å Å Å Å Å Å Å 

Phenology ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Geology 
and Soils 

Geomorphology Aeolian, Lacustrine Geomorphology ȹ ˘ ȹ ˘ ȹ ȹ ȹ ȹ ˘ 

Geological Processes ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Stream Dynamics ȹ ȹ ȹ ȹ + ȹ + ȹ ȹ 

Soil Quality Soils + + + + + + + + + 

Sediment Analysis ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Water Hydrology Water Level Fluctuations + + + + + + + + + 

Water Quality Core Water Quality Suite + + + + + + + + + 

Advanced Water Quality Suite + + + + + + + + + 

Toxics in Water ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Toxics in Sediments ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Pathogens in Water ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

IBI ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Benthic Inverts ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Freshwater Sponges ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Phytoplankton ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Diatoms + ˘ + + + + + + + 

Biological 
Integrity 

Invasive Species Plant and Animal Exotics Å Å Å Å Å Å Å Å Å 

Infestations and 
Disease 

Terrestrial Pests and Pathogens 
+ + + + + + + + + 

Focal Species or 
Communities 

Aquatic Plant Communities + + + + + + + + + 

Mussels and Snails ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Mammal Communities ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Problem Species (White-tailed deer) + + + + + + + + + 

Special Habitats ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Lichens and Fungi ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Terrestrial Plants + + + + + + + + + 

Fish Communities + + + + + + + + + 

Zooplankton ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Terrestrial Invertebrate Communities ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Amphibians and Reptiles + + + + + + + + + 

Bird Communities Å Å Å Å Å Å Å Å Å 

Biotic Diversity ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

At-risk Biota Species Health, Growth and 
Reproductive Success + + + + + + + + + 

Threatened and Endangered Species ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Human 
Use 

Non-point Source 
Human Effects 

Trophic Bioaccumulation 
+ + + + + + + + + 

Consumptive Use Harvested Species ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Visitor Use Land use Fine Scale + + + + + + + + + 

Ecosystem 
Pattern 
and 
Processes 

Land Use and 
Cover 

Land use Coarse Scale 
+ + + + + + + + + 

Soundscape Soundscapes and Light Pollution ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Nutrient Dynamics Nutrient Dynamics ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Trophic Relations ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Productivity Primary Productivity ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ ȹ 

Succession + + + + + + + + + 

+ = The Network plans to develop a monitoring protocol or SOP. 
Å = Park or partner monitoring will continue with Network collaboration. 
ȹ = Time and funds are currently not available. 
ï = Not applicable in this park 
1 = Level names are from the National Park Serviceôs Vital Signs Ecological Framework. 
2 = APIS=Apostle Islands National Lakeshore; GRPO=Grand Portage National Monument; INDU=Indiana Dunes National 
Lakeshore; ISRO=Isle Royale National Park; MISS= Mississippi National River and Recreation Area; PIRO=Pictured Rocks 
National Lakeshore; SACN=Saint Croix National Scenic Riverway; SLBE=Sleeping Bear Dunes National Lakeshore; 
VOYA=Voyageurs National Park. 
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¶ Provide a means of measuring progress towards achieving performance goals that are 

mandated by Government Performance Results Act (GPRA). 

From these Vital Signs, GLKN selected nine focal indicators: Climate, Inland Lakes Water Quality, 

Large Rivers Water Quality, Diatoms, Terrestrial Plants, Amphibians, Land Birds, Persistent 

Contaminants, and Land Cover and Land Use. Monitoring protocols have been developed for all 

these except Amphibians, Climate, and Persistent Contaminants in Fish and Dragonflies; those 

protocols are in development. Current GLKN activities for VOYA are in the areas that have 

monitoring protocols. 
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3. Study Scoping and Design 

3.1. Preliminary Scoping 

A scoping meeting of VOYA resource staff and University of Wisconsin ï Stevens Point (UWSP) 

researchers was held at VOYA on June 18, 2013. Topics discussed included the VOYA aquatic 

ecology program, the wildlife and terrestrial ecology program, and the status of terrestrial vegetation. 

Small groups discussed specific park information needs and data sources, and a general outline for 

the NRCA was developed. On June 19, park staff gave the UWSP researchers a tour of some 

significant park resources, including the Rainy Lake marina, Anderson Bay, Cruiser Lake trail, Peary 

Lake overlook, Kettle Falls, and Cranberry Bay. 

3.2. Study Design 

3.2.1. Indicator Framework, Focal Study Resources and Indicators 

The VOYA NRCA uses the six-category assessment and reporting framework developed by the U.S. 

Environmental Protection Agency Science Advisory Board (USEPAïSAB) (USEPA 2002). The top 

reporting categories in this framework are landscape condition; biotic condition; chemical and 

physical characteristics of water, air, soil, and sediment; ecological processes; hydrology and 

geomorphology; and natural disturbance regimes. It was chosen because it was developed to build on 

the strengths of several of the alternative frameworks (such as the Heinz Center or National Research 

Council frameworks) and the key natural resources for VOYA fit well into its categories. 

3.2.2. Reference Conditions and Trends 

Reference conditions (sometimes called benchmarks, standards, trends, thresholds, desired future 

conditions, or norms) give a point of reference to which to compare a measurement or statement 

about an indicator (USDA Forest Service 2004). A large body of literature has been developed 

around the development and interpretation of reference conditions. All NRCAs are required to define 

and apply reference conditions, but NPS has adopted a ñpragmatic approachò that requires only that 

NRCAs apply ñlogical and clearly documented forms of reference conditions and valuesò 

(http://www.nature.nps.gov/water/nrca/conditionsandvalues.cfm).  

Stoddard et al. (2006) has suggested that reference conditions fall into four categories, which they 

name ñhistoric condition,ò ñminimally disturbed condition,ò ñleast disturbed condition,ò and ñbest 

attainable condition.ò We have attempted, where possible, to apply this reference condition scheme 

as follows: 

 ñHistoric condition,ò in our judgment, is the condition of VOYA before European settlement. 

It assumes the absence of contaminants known to be primarily anthropogenic in origin or the 

presence of naturally sustainable populations of organisms. 

 ñMinimally disturbed conditionò is defined by Stoddard et al. (2006) as ñthe condition of 

systems in the absence of significant human disturbanceò and we apply this definition. 

 ñLeast disturbed conditionò is defined by Stoddard et al. (2006) as ñthe best of todayôs 

existing conditions.ò We apply this reference condition in conjunction with regulatory standards or 

http://www.nature.nps.gov/water/nrca/conditionsandvalues.cfm
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peer-reviewed guidelines; resources with levels of contaminants that do not exceed standards are 

deemed to be in ñleast disturbed condition.ò 

  ñBest attainable conditionò is defined by Stoddard et al. (2006) as ñthe condition that todayôs 

sites might achieve if they were better managed.ò  

We use professional judgment to assess the trend of resource conditions, using statistical methods 

where appropriate data are available. We also use professional judgment to give a confidence ranking 

of high, moderate, or low to our assessments; these are based on the amount of data, the age of the 

data, and the proximity of the sampling locations to VOYA.  

Symbols were developed to provide a graphic representation of the status and trend of resources 

(Table 5).  

Table 5. Key to the Status and Trend symbols used throughout this report The background color 
represents the current condition status, the direction of the arrow summarizes the trend in condition, and 
the thickness of the outside line represents the degree of confidence in the assessment. 

Condition Status Trend in Condition Confidence in Assessment 

 

Warrants  

Significant Concern 
 

Condition is Improving 

 

High 

 

Warrants  

Moderate Concern  

Condition is Unchanging 

 

Moderate 

 

Resource is in Good 

Condition 
 

Condition is Deteriorating 

 

Low 

 

An open (uncolored) circle indicates that current condition is unknown or indeterminate; this 

condition status is typically associated with unknown trend and low confidence  
 

3.2.3. Reporting Areas 

The focus of this report was the natural resource condition of the lands and waters within VOYA. 

Evaluation of condition sometimes required evaluation of conditions at other scales, such as in the 

Rainy Lake watershed or a 30-km buffer of the park.  

3.2.4. General Approach and Methods 

As noted in Chapter 1, the primary objective of the VOYA NRCA is to report on current natural 

resource conditions relative to logical forms of reference conditions and values. Emphasis was placed 

on gathering existing natural resource data about VOYA. NPS inventory and monitoring reports and 

plans, management plans, and study reports by independent researchers were provided by VOYA and 

GLKN staff and taken from the VOYA, GLKN, and other NPS websites, including the IRMA web 

portal. 

Data at larger scales were also collected. Many of these data are managed by state and other agencies 

and fall into the category of grey literature. Agency staff in relevant programs was contacted when 



  

25 

 

clarification or documentation was needed. Past and current peer-reviewed journals were also 

extensively reviewed to obtain general background information and appropriate data for reference 

conditions. 

Extensive gathering and analysis of spatial data was conducted to create maps and summary statistics 

used to evaluate the natural resource conditions of VOYA. 

The report was reviewed by Mary Graves, Ryan Maki, and John Snyder of VOYA and Brenda 

Moraska Lafrancois, NPS Midwest Region Aquatic Ecologist before being submitted to NPS for 

final approval and publication. 
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4. Natural Resource Conditions 

4.1. Disturbance Regimes  

The USEPA-SAB framework (USEPA 2002) lists natural disturbance regimes as one of its six major 

categories and states that all ecological systems are dynamic, due in part to discrete and recurrent 

disturbances that may be physical, chemical, or biological in nature. The primary natural 

disturbances of VOYA (fire, wind, and herbivory) are described below. In addition, we evaluate the 

effects of past logging. 

The dominant forces structuring the ecologic character of a landscape are climate, large-scale and 

severe disturbances that have occurred in the recent past, topography, and parent material (Barnes et 

al. 1998, Wimberly and Spies 2001). These dominant structuring forces operate primarily at large 

spatial scales in a hierarchical fashion. Thus, these are primarily top-down influences in that they set 

the range of ecologic units that may occur. Within this framework, differences manifest at smaller 

scales due to features such as topography, aspect, and small scale disturbances, and due to the 

autecology of individual species (Schwartz et al. 2003).  

Among the dominant structuring forces, disturbances are the most variable in space, time, areal 

extent, and impact (Sousa 1984, Hong and Mladenoff 1999, Frelich 2002). Disturbances interact with 

climate (e.g., drought), parent materials (e.g., soil texture and depth), and physiographic features 

(e.g., aspect, elevation, and depth to water table) to affect, directly and indirectly, plant composition 

and community structure. When a landscape is impacted by large, severe disturbances at short or 

intermediate intervals, many characteristics of the landscape are tied to the occurrence of these 

disturbances. This is true because a severe disturbance drastically changes the abiotic conditions and 

sets in motion a series of changes that play out over hundreds of years (Halpern and Franklin 1990). 

The disturbance regime (DR) of a community or landscape is not static. Because weather and climate 

play such an important role for the occurrence of fires, floods, and wind events, any major change in 

the former will manifest in the latter. Hence, it is important to recognize the historic variation in 

disturbance occurrence and severity (i.e., the historic range of variability).  

All terrestrial ecosystems in the temperate and boreal regions have, throughout their evolutionary 

history, been subjected to a suite of disturbances (White 1979, Frelich 2002). Thus, there is no factor 

more integral to the short- and long-term dynamics of plant communities than the disturbances they 

experience. Though we cannot fully describe the historic DR for the communities at VOYA (Frelich 

2012), we need to do so to the extent possible to help understand the current vegetation patterns and 

composition, and how the vegetation is likely to change in the future. A complete DR is described by 

these components:  

¶ frequency 

¶ intensity ï a measure of the force of the phenomenon 

¶ timing [season] 

¶ extent 

¶ duration [for some] 
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¶ variation in frequency and 

¶ variation in intensity 

of each type of disturbance (White 1979, Sousa 1984).  

Severe disturbances (severity describes the impact of a disturbance; e.g., Nguyen-Xuan et al. 2000) 

have significant and immediate direct impacts on vegetation, some of the animals in the area, and 

abiotic conditions. The indirect effects of a disturbance often stress a large number of organisms. The 

combined direct and indirect effects explain why succession is usually set back to a pioneer stage. 

The reduction in vegetation and alteration of site conditions often provide opportunity for invasion 

and establishment of novel species. In some cases, a specific DR is necessary for the maintenance of 

specific communities or landscape pattern (Sousa 1984, Baker 1989, Turner et al. 1997, Frelich 

2002).  

To understand the adaptations to disturbance that plants and animals may have, the variability of 

frequency, intensity, and seasonality are critical (Sousa 1984, Gauthier et al. 1996). For 

recolonization purposes, the size of each event can be important. For example, Frelich (2002) 

estimated that the average fire size in the southern boreal forest was 4,000 ha in pre-settlement times. 

This size of impact area can slow down vegetative recovery due to seed limitation. This is a function 

of distance to seed sources and due to limited use of the middle portion of the area by birds and 

mammals. However, the seed bank can provide thousands of new plants per hectare (Nguyen-Xuan 

et al. 2000). 

4.1.1. Fire 

Fire is one of the most important types of disturbance for all pine forests in the Great Lakes region 

(Heinselman 1973, Whitney 1986, Frelich 2002), and is the dominant disturbance type for the 

southern boreal region (Frelich 2002). Although the disturbance history of VOYA is not well known 

due to the few studies conducted within the current park boundaries (Frelich 2012), the fire regime 

has been described, though most of it is extrapolated from the BWCAW (Frelich 2012). The fire 

regimes of boreal forests in general have been well described in northern MN (Heinselman 1973, 

Frelich and Reich 1995, Frelich 2002), and parts of Canada (Bergeron 1991, Arseneault and Sirois 

2004). Only a small portion of VOYA is true boreal forest (Frelich 2012), though there are many 

boreal species, including Jack pine (Pinus banksiana), black spruce (Picea mariana), white spruce 

(P. glauca), trembling aspen (Populus tremuloides), and paper birch (Betula papyrifera) among the 

more common tree species in the park. The fire return interval (FRI) is variable across the southern 

broad region, ranging from 50ï200 years.  

Very few fires have been documented as to approximate size, year, and severity. Two years in the 

first half of the 20th century ï 1923 and 1936 ï had large fires on the Kabetogama Peninsula. The 

1923 fire burned 4,453 ha, whereas two separate fires in 1936 burned a total of 9,380 ha. The smaller 

of these (2,093 ha) burned in the vicinity of Mica Bay; the other (ñCruiser Lake fireò) occurred in the 

center of the Peninsula and was rather severe (Coffman et al. 1980, Rakestraw 1980). Rakestraw 

(1980) described the Cruiser Lake fire as having ñé burned all vegetation down to bedrock.ò 

Nonetheless, the area was re-populated rapidly by jack pine and aspen. A notable amount (quantity 

unknown) of wildfire activity may also have occurred in 1918. There were a number of very large 
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fires near Cloquet, MN, that year, and Coffman (1980) stated there was ñé evidence in Voyageurs 

National Park also.ò From a variety of sources, Edlund et al. (2014) compiled fire histories for 

Quetico Provincial Park, BWCAW, and VOYA from 1860ï1971. 

In 1979, Coffman et al. (1980) put in 89 nested sample plots, all of which were located within 3.2 km 

(2 mi) of known logging camps from the early 20th century. Evidence of fire was noted at 67% of the 

locations, and 20% had burned at least twice. This suggests that fire occurred rather frequently in the 

recent past across much of the Peninsula, but there may be some location bias in the data because of 

the proximity of logging camps.  

Studies by Bergeron (1991) and Drobyshev et al. (2010) in Quebec may help us extrapolate or 

interpret information from the Kabetogama Peninsula. Bergeron (1991) compared fire regimes on 

islands and an adjacent mainland and found that islands experienced more fires than the lakeshore, 

but fire years were uncorrelated. He also documented a greater range of fire size on the islands. 

Drobyshev et al. (2010) compared lakeshore and island habitats in northwestern Quebec and found 

more but smaller fires on the islands. 

DRs change naturally on the scale of hundreds to thousands of years (Heinselman 1973, Niklasson 

and Granstrom 2000, Bergeron et al. 2004), and some components (especially fire) can be altered by 

human action (Heinselman 1973). In both the island and lakeshore landscapes examined by Bergeron 

(1991), fire frequency declined over the past approx. 120 years (i.e., from 1870ï1990). The fire cycle 

on the islands was 74 years prior to 1870 and 112 years thereafter. A substantial change in the DR 

can affect the relative abundance of species and community types, the average patch size and shape, 

connectivity across the landscape, and successional trends (Turner et al. 1997).  

One important dimension of this topic, and a future issue for the park, is how much the DR is likely 

to be altered by changes in climate. Extensive work in Canada has documented notable shifts in the 

fire cycle within the past 500 years or less (reviewed in Johnson et al. 2001) and over longer time 

scales in a black spruce-jack pine forest (Arseneault and Sirois 2004). Other reviews (e.g., Dale et al. 

2001) have concluded that many types of disturbances will be affected. Frelich (2012) claimed the 

fire regime (or at least return intervals) in VOYA have been relatively stable for approximately 1,000 

years. This is very likely to change in the next 50 years. 

To facilitate comparisons and integration with other work, the DR of several community types is 

described below based on the forest types identified by Frelich (2012). The FRIs presented by Frelich 

(2012) are óstand replacingô type of fires, unless noted otherwise.  

¶ Jack pine-black spruce. Heinselman (1973, 1981) reported FRI of 50 years for Jack pine, and 

Frelich (2012) reports a range of 50ï100 years. 

¶ Mesic birch-aspen-spruce-fir. The FRI is 100ï200 years (Frelich 2012). 

¶ Dry-mesic red and white pine. Whitney (1986) found a range of FRI of 120ï260 years for the 

mixed pine type in Michigan, and Heinselman (1973) estimates a 180-year FRI for mixed 

pine for the BWCAW. Frelich (2012) presents a FRI of 150ï300 years for severe fires and 40 

years for lower severity surface fires. 
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¶ Jack pine-oak-aspen. Frelich (2012) presents a FRI of 250ï500 years for severe fires and 40 

years for lower severity surface fires. 

¶ Lowland conifer. Frelich (2012) presents a FRI of 150ï300 years for severe fires. 

¶ Rich swamps. Frelich (2012) presents a FRI of 500ï1,000 years. 

Though the data are limited, it is clear that a wide range of fire regimes existed in the past. The 

timing of these fires is a bit of a conundrum. The spring (AprilïMay) is considered the primary fire 

season in this region; i.e., this is when most fires occur. However, the severe fires, which dominate 

the regimes here, typically occurred from mid-summer through early fall (Heinselman 1973, 

Coffman et al. 1980). This may be explained by the limited and ófading recordô (Swetnam et al. 

1999) type of evidence left by many surface fires.  

4.1.2. Wind 

Wind disturbance is a ubiquitous force in forests and forested landscapes. It produces small scale 

openings on a regular and frequent basis and large scale, severe impacts at a very long return interval 

(Runkle 1982, Everham 1996, Dahir and Lorimer 1996). 

Though the effects of this óagentô can range from a few broken branches to complete leveling of an 

entire landscape (Everham 1996), the effects, and hence role, of wind is generally broken down into 

two categories: gap-forming phenomena in which the majority of the trees are unaffected, and 

ócatastrophicô type winds. This latter group includes meteorologic events such as hurricanes, 

tornadoes, downdrafts, and derechoes (Everham 1996, Frelich 2012). These phenomena can impact 

hundreds to hundreds of thousands of acres and restructure the forests impacted. The typical outcome 

is to move the forest to a later successional stage, because large diameter trees (Everham 1996) and 

early successional species (Frelich 2012) are more susceptible. The reader is referred to these two 

sources for further details on catastrophic wind events. 

Extensive data from many parts of the eastern US prove the regularity and abundance of small spatial 

scale disturbances. These are commonly produced by wind events, insects, and/or disease, working 

singly or in combination (Runkle 1982, Clinton et al. 1993). In mature forests in the Great Lakes 

region, the rate at which the canopy is opened up is 0.5%ï1.5% per year (Frelich and Lorimer 1991, 

Dahir and Lorimer 1996). Younger forests have less area affected than older forests, which may lose 

up to 4% of the canopy per year (Runkle 1982, Dahir and Lorimer 1996, Busing 2005). In most 

systems, larger trees are more likely to die (Busing 2005, Runkle 2013) and hence produce a larger 

gap (Clebsch and Busing 1989). The potential importance of this DR component is indicated by the 

amount (2.5% to 40%) of the forest in an óopen canopyô condition at any one time (Runkle 1982, 

Dahir and Lorimer 1996, Kneeshaw and Bergeron 1998).  

Windthrow is the primary form of disturbance in the mesic northern hardwoods and swamp forests 

due to their long FRIs (Whitney 1986, Frelich 2002). Physiography (aspect, elevation), soil 

characteristics, water movement, and tree characteristics influence the magnitude and frequency of 

wind disturbance. Soils that are commonly saturated and have high levels of organic matter make 

trees with shallow roots susceptible to windthrow. When a tree is windthrown, micro-topographic 
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heterogeneity in the form of pit-n-mound topography is created. The mound part of this provides a 

micro-site that is considerably drier than the area in general. The bole of the tree also provides 

surface heterogeneity that is important for the regeneration of some plant species (e.g. white cedar 

[Thuja occidentalis] [Rooney et al. 2002] and conifers in general [St. Hilaire and Leopold 1995]). 

These micro-sites result in greater plant diversity as they provide places for species to survive that 

are not so tolerant of saturated soils.  

Studies within the boreal zone have found patterns very similar to those of the temperate zone, 

though the specific magnitude can differ. For example, a 50-year-old aspen forest had 7% of its area 

in gaps, and gap size influenced which species were most abundant in the understory (Kneeshaw and 

Bergeron 1998). Experimental gaps in spruce-fir forests in Quebec revealed that spruce benefited 

more [established more regeneration] than balsam fir (Ruel and Pineau 2002). In a mixed-species 

forest in central Quebec, balsam fir dominated the tree regeneration, but other species were able to 

maintain their dominance in the community due to greater longevity and lower susceptibility to 

pathogens (Kneeshaw and Prevost 2007). In the southern boreal forest of BWCAW, Peterson (2004) 

determined that tree size and identity were accurate predictors of wind-induced damage; balsam fir 

was the most vulnerable species. 

The return interval for óstand levelingô wind events for all forest types in northern MN was estimated 

by Frelich (2012) as 1,000ï2,000 years. These estimates are generally consistent with estimates from 

Michigan (Whitney 1986). Though we do not have direct estimates of the return interval for this type 

of event in VOYA, there are several lines of evidence that suggest that there would be substantial and 

relatively consistent differences among forest types. At the landscape level in Michigan, Whitney 

(1986) found that blowdowns had a greater frequency in swamp conifer forests than any of the pine-

dominated forests. This is probably due to the consistently positive association between soil water 

[amount] and wind damage (Everham 1996). Secondly, in general, species vary significantly in their 

susceptibility to damage by strong winds (Everham 1996). An assessment of the 1999 catastrophic 

windstorm in BWCAW determined that the level of trees thrown varied from 30% to 87% among 

species, and that balsam fir (Abies balsamea) was the most vulnerable (Peterson 2004). These two 

characteristics should result in more frequent windthrow, and greater severity, in swamp conifer 

forests and in those with a high level of balsam fir. Though fir is capable of performing like a late-

successional species, it can invade many forests shortly after canopy closure, but it is a relatively 

short-lived species. Thus, its abundance varies substantially over time within a forest and across the 

landscape. The assessment by Frelich (2012) suggests that its abundance is increasing and will 

continue to do so in the near future. 

4.1.3. Herbivory 

Herbivory, the consumption of live vegetative material by animals, is a common interaction in all 

plant communities (Perry 1994). In some communities (e.g., grasslands with ungulates), it is a 

dominant structuring and selective force. In forest communities, an endemic level of herbivory is 

carried out by hundreds of herbivores, primarily insects. The vast majority of the herbivores have no 

noticeable impact on the forest community, and, in fact, the total effect of this endemic herbivory 

may be trivial in terms of community structure, composition, and plant succession (Mattson and 
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Addy 1975). Nonetheless, the interactions between herbivores and plants are a vital part of the 

ecological dynamics of a forest. Many examples of co-evolution between plants and herbivores are 

documented (Perry 1994), and many traits in plant populations are due in part to the selective 

pressure of herbivores. Three key factors in this interaction are the intensity of herbivory (i.e., how 

much of the plant and population is affected), how regularly this interaction occurs, and the genetic 

variation within (and among) plant population(s). The variation among plants (i.e., genotypes) within 

a population can result in differences in resistance and induced defenses (Dimock et al. 1976, Hunter 

and Schultz 1995), and thus preferential selection and differential impact. The amount and ñcontentò 

of the genetic variation are also vital in determining if and how a plant population might evolve in 

response to this selective pressure. Populations and species vary widely in their tolerance of low-to-

moderate levels of herbivory, but in many, a 10%ï30% loss of vegetative matter does not have a 

negative impact if the plant is healthy (Mattson and Addy 1975). 

Some forest insects reach a level of impact well beyond this background level. In the Great Lakes 

region, this group includes native and exotic species; notable examples are the gypsy moth 

(Lymantria dispar dispar), forest tent caterpillar (Malacosoma disstria), emerald ash borer (Agrilus 

planipennis), jack pine budworm (Choristoneura pinus), eastern spruce budworm (C. fumiferana, 

ESB) and bark beetles (Volney and McCullough 1994, USDA Forest Service 2003, Faber-

Langendoen et al. 2007, MDNR 2012). Of most direct relevance to VOYA are the ESB and the 

forest tent caterpillar. The most heavily utilized trees are balsam fir (Morin et al. 2007) and aspen 

(Katovich et al. 1998, Edmonds et al. 2011), respectively. These herbivores have a pronounced and 

long-term impact on community structure, composition, succession, and ecosystem processes such as 

nutrient cycling.  

Forest Tent Caterpillar 

The defoliation caused by tent caterpillars in MN has been significant for more than 65 years, and the 

first outbreak was documented in the 1870s (Duncan and Hodson 1958); however, these older reports 

and more recent Forest Health Summaries (MDNR 2012) indicate the insectôs presence is 

concentrated in the central, north-central, and northeastern part of the state. Aspen is the preferred 

host (Duncan and Hodson 1958), and given that aspen contributed almost 20% of the witness trees 

noted by the original land survey (Coffman et al. 1980), this herbivore is likely to have been present 

historically. Because aspen increased during the 20th century, we expect this insect to have more 

influence in the near future. Outbreaks of tent caterpillar occur every 6ï16 years and may last 2ï6 

years (Duncan and Hodson 1958, USDA Forest Service 1996). Though healthy trees can typically 

withstand one, and possibly two, years of defoliation, two or more consecutive years causes 

substantial morality. During extensive outbreaks, up to 80% mortality may occur (Duncan and 

Hodson 1958). The forest tent caterpillar will consume foliage of other broadleaved species (e.g., 

maple and oak), but does not utilize conifers (USDA Forest Service 1996). 

Eastern Spruce Budworm (ESB) 

In eastern North America, the ESB has frequently impacted large areas during outbreaks since at 

least the 1920s (Peltonen et al. 2002). The scale of impact of a single outbreak can be as large as 

20,000,000 ha in eastern Canada (Attiwell 1994). 
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The ESB reaches epidemic levels from time to time and defoliated more than 50,000 ha in MN in 

2010 and 2011. During an epidemic, the repeated defoliation commonly results in extensive 

mortality. The population dynamics of this species has been tracked for more than 60 years, and 

massive outbreaks occurred in the mid-1950s, early 1960s and 1970s, and in the mid-1980s and 

1990s. Coffman et al. (1980) reported that this species is relatively new to VOYA but had caused 

some stand level mortality (# of stands and extent not specified). An ESB outbreak occurred in the 

1930s which killed a large number of trees, mostly balsam fir. Though balsam fir is the preferred 

host, white spruce is readily eaten and black spruce is eaten to a limited extent (Taylor and MacLean 

2009, Edmonds et al. 2011). The primary feeding period is from late May to mid-July, and the larvae 

utilize staminate flowers, older needles, vegetative buds, and then newly formed needles. 

Based on tree composition in the mid-1800s, ESB was probably present, but it is not likely there 

were óepidemic-levelô effects due to the relatively small amount of balsam fir. Su et al. (1996) 

reported for 25 stands in New Brunswick that defoliation of balsam fir decreased significantly and 

steadily as the proportion of broad-leaved species in the canopy increased. The same effect, though 

probably of smaller magnitude, applies to increasing amounts of spruce relative to the amount of fir 

(Edmonds et al. 2011). The increase in abundance of fir since the mid-20th century has set the stage 

for more impact by this insect herbivore. Areas with dense, mature fir are most likely to experience 

extensive mortality, but it is unknown if the food resource is large enough and continuous enough to 

support a landscape-level outbreak. 

Mammalian Herbivory 

Large mammalian herbivores are an important group for VOYA; historically this group included 

caribou, elk, moose, and white-tailed deer (WTD) (Odocoileus virginianus). Caribou and elk were 

eliminated from the area due to uncontrolled hunting by the mid-1920s (Cole 1987).  

The population density of WTD has fluctuated significantly over the past approx. 115 years. Cole 

(1987) provided an estimate of approx. 0.4 deer km-2 at the turn of the 20th century. This density 

probably represents reasonably well the density prior to European settlement. The population 

increased very rapidly in the early 20th century, reaching a peak density of approx. 8.0 deer km-2 in 

the 1930s. This change was largely fueled by an increase in forage and habitat carrying capacity due 

to human disturbance. This same effectïïlandscape-level changes associated with settlement that 

have provided almost ideal habitat for WTD (Rogers et al. 1981, Van Deelen et al. 1996, Rudolph 

2005)ïïhas been noted across the region (Waller et al. 2009). The population density gradually 

contracted to approx. 5.0 deer km-2 by 1975 and then declined at a more rapid rate to approx. 1.5 deer 

km-2 by 1985 (Cole 1987). Cole (1982) suggested this increased rate of decline was due to a 

combination of 1) ongoing habitat changes due to succession, 2) severe winters, and 3) wolf 

predation. However, Gogan et al. (1997) described the Cole (1987) estimate as ñsuspiciously lowò 

and gave an estimate of 2.94 deer km-2 for the Kabetogama Peninsula in 1992. Lenarz (2011) 

provided estimates of winter deer density from 2001ï2011 in the two deer management units 

immediately south of VOYA, ranging from 3.5 deer km-2 in 2009 and 2011 in unit 108 to 5.8 deer 

km-2 in 2003 in unit 119 (Figure 8).  
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Figure 8. White-tailed deer density (deer km
-2

) estimates for the two deer management units immediately 
south of Voyageurs National Park (Lenarz 2011). 

Due to the large increase in deer density during the past century, there is concern that this species 

may be having a greater impact on vegetation than pre-1900. This question related to WTD has two 

parts. The first relates to the interaction that occurred from approx. 1920 to 1975. Clearly, density 

was at an unnaturally high level compared to 19th century levels. Thus, the issue becomes ñdid the 

intensity of herbivory by WTD rise to a level, and occur over a long enough period of time, to cause 

permanent to semi-permanent change in one or more community attributes?ò (Russell et al. 2001, 

Waller et al. 2009). In VOYA, the forest communities most at risk are the lowland conifer forests 

that contain white cedar (Van Deelen et al. 1996), the communities that contain oak (Waller et al. 

2009), and any of the communities that have a substantial forb component, especially species with 

limited natural defenses and low tolerance of repeated browsing (Waller et al. 2009). Based on long-

term impacts of browsing by ungulates in forest systems (e.g., Rooney et al. 2004, Allombert et al. 

2005), deer density was elevated over a long enough period of time for the potential of widespread 

impacts. Less clear is whether the intensity exceeded what the landscape and plant species could 

tolerate. As noted above, the carrying capacity of the landscape was increased substantially, though 

by exactly how much is unknown, during the early to mid-20th century. Thus, the pressure exerted by 

higher density may not be in proportion to the increase in density. Nonetheless, the indirect evidence 

available (Stromayer and Warren 1997, Rooney et al. 2004) suggests some unprecedented impacts 

were likely. Due to the lack of a systematic, scientific survey of the understory community prior to 

approx. 1905ï1910, this question cannot be answered definitively. 

The second issue is whether the role(s) and impact(s) of WTD are likely to change in the next few 

decades. The vegetative structure of the landscape will change due to succession and due to climate-

induced effects. With a warming climate, the area could become more suitable for deer, and the 

vegetation is likely to become more temperate and thus contain more habitat for WTD. It should be 

noted that deer are a natural, though not dominant, part of this landscape, and thus a small-to-modest 

increase in their density is not inherently a cause for concern. This is true because the presence of 
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deer, at certain levels, can have positive effects. Two studies have documented a positive effect on 

understory richness and/or diversity at an ñintermediateò level of browsing (Royo et al. 2010 ï oak 

dominated forest; Hegland et al. 2013 ï Scots pine forest in Norway). The second positive effect is 

that deer can serve as a long distance dispersal agent (Vellend et al. 2003); this could be important 

for long term maintenance of understory species that otherwise have to rely on gravity or ants for 

dispersal.  

Impacts 

Concerns have been raised for more than 60 years (e.g., Swift 1948) in the Lake States region about 

ñdamageò caused by WTD herbivory. Until the 1980s, these concerns were largely focused on 

commercially important tree species, with American yew (Taxus canadensis, Beals et al. 1960) being 

an exception. Since the 1980s, interest has expanded to understory cover and structure, understory 

diversity, plant population structure, sex ratio, growth rate, reproductive output, plant succession, 

threatened and endangered species, and non-preferred species. The many review articles on this 

subject include Alverson et al. (1988), Russell et al. (2001), Cote et al. (2004), Waller et al. (2009), 

and Heckel et al. (2010).  

There is disagreement over the WTD density at which damage is likely to occur. Russell et al. (2001) 

surveyed a large amount of literature and concluded that all studies that documented reduced 

recruitment had a density of at least 8.5 deer km-2. Alverson et al. (1988) suggest densities as low as 

4 deer km-2 may be enough to have impacts on yew, hemlock (Tsuga canadensis), and white cedar. 

Augustine and Frelich (1998) did not find any noticeable impacts on trillium (Trillium spp.) until 

density reached 25 deer km-2. Frelich and Lorimer (1985) determined that hemlock is impacted at a 

density between 2ï10 deer km-2 in Michiganôs Porcupine Mountains. There are few controlled deer 

density studies, Horsley et al. (2003) found that most understory attributes were negatively affected 

at between 4ï8 deer km-2. Heckel et al. (2010) found increasing impacts on the soil and litter depth as 

density increased from 4ï18 deer km-2.  

This myriad of results (thresholds) has been noted because density is not the whole equation. As 

stated above, the landscape structure influences how much deer are concentrated and where they feed 

at different times of the year. Of special relevance is the winter, and whether or not deer will ñyard 

upò for any appreciable length of time. Other factors that will determine how much impact and which 

species are affected include snow depth, plant height, plant growth rate, abundance by species, and 

total browse abundance (Curtis 1959, Rogers et al. 1981, Russell et al. 2001). Rogers et al. (1981) 

stated that deer will not dig through more than 10ï30 cm of snow to reach food. By summer, woody 

material usually comprises <5% of deer diet (McCaffery et al. 1974, Rogers et al. 1981). 

The density of balsam fir saplings (Borgmann et al. 1999) influenced browse intensity on hemlock. 

That is, a preferred species was partially protected by an abundance of a non-preferred species. It 

seems reasonable to expect that this type of influence could manifest in a variety of forest types. 

Despite the variation in conclusions regarding a WTD threshold, it seems prudent to become 

concerned if the density is 2 km-2 and monitor very closely if the density approaches 4 deer km-2 for 

any length of time or over a large area. 
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The understory of forests that have óspring ephemeralô assemblages are a special concern. In spring, 

deer are moving around the landscape looking for food sources that are more nutritious than the 

woody browse they rely on during winter (Rogers et al. 1981). Almost any non-woody tissue is 

preferred at this time of year because it is lush and nutritious. Several studies have suggested that a 

number of species in the lily family are part of the vulnerable, spring ephemeral assemblage 

(Alverson et al. 1988, Hurley and Flaspoler 2005, Waller et al. 2009). 

Is Recovery Possible? 

A comparison of the understory on two islands in Lake Michigan, one (North Manitou) with a history 

of deer density similar to VOYA, and the other (South Manitou) without deer, sheds some light on 

the possibility of recovery and documents the precise nature of long-term, fairly intense browsing 

(Hurley and Flaspoler 2005). WTD density peaked in the mid-1980s at approx. 30 deer km-2 on 

North Manitou and then declined to approx. 3 deer km-2. North Manitou, in comparison to South 

Manitou, had: i) more tree seedlings and a shift to much greater relative abundance of beech; ii) 

strong domination of small saplings (<5 cm diameter at breast height) by beech and greater overall 

density; iii) approximately 1/6 as much herb cover in mid-summer; iv) much less fern, shrub, and 

yew cover; but v) more grass cover mid-summer. The spring ephemeral cover on North Manitou is 

about half that on South Manitou. These authors note that there are minor signs of recovery in the 20 

years since browsing pressure started to decline, and that it was proceeding very slowly. 

The effects from high WTD densities are not restricted to plant composition, abundance, growth, and 

form. Cote et al. (2004) concluded that the effects can cascade through the system and affect insects, 

birds, and other organisms. There has been very little study of ecosystem-level effects from WTD 

herbivory (Russell et al. 2001), but Cote et al. (2004) concluded that both carbon and nitrogen 

cycling can be altered. Heckel et al. (2010) determined that soil penetration resistance (i.e., difficulty 

of infiltration) was increased, and litter depth reduced, by higher deer densities in an Appalachian 

hardwood forest. However, the analyses of Mladenoff and Stearns (1993), Rooney et al. (2000), and 

Russell et al. (2001), and the findings of Stromayer and Warren (1997), should be carefully 

considered to avoid assigning unwarranted influence to WTD browsing. 

Conclusions 

The frequency of occurrence and the range of severity are not known for any of the insects that can 

reach epidemic proportions, but it is hypothesized that the severity was lower than what has been 

occurring in other parts of the state over the past 70+ years. It is probable that a small-moderate 

increase in impacts will occur in the next several decades. Browsing by WTD from approx. 1920ï

1975 probably reduced the abundance of some herbaceous species and could have extirpated others; 

the extent of this is unknown, however. Given the prevalence of windthrow in these forest types (see 

previous section), small-scale refugia are likely, which reduces the chance of total extirpation. 

4.1.4. Logging (1800sï1971) 

The peak logging period at VOYA was approx. 1910ï1930. The heavy utilization of trees began on 

the eastern end of the Kabetogama Peninsula, with red and white pine being the primary species of 

interest (Coffman et al. 1980). White spruce was also taken in large quantities. Towards the end of 

this period, harvesting of spruce and fir on the western end of the Kabetogama Peninsula rapidly 
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increased (Rakestraw 1980). Though large volumes of timber left the area, the precise severity of the 

logging is unclear, as is the total area affected. Faber-Langendoen et al. (2007) stated that logging 

had minimal impact on the central, roadless core of the Kabetogama Peninsula, though 

approximately 25% of the Peninsula was logged in the 1950s and 1960s. 

The direct and indirect impacts of logging on the understory are an important and valid concern 

(Gilliam and Roberts 2003). This is true because the vast majority of plant species are found in this 

layer, and there is potential to substantially change the composition by harvesting (Craig and 

Macdonald 2009). The abundance and composition of the ground layer also can play an important 

role in nutrient retention, as documented in Appalachian spruce-fir (Moore et al. 2007) and boreal 

forests in Sweden (Nilsson and Wardle 2005). The more intensive the tree utilization, the greater is 

the potential for a reduction in diversity (Craig and Macdonald 2009) and/or the initiation of a novel 

successional pathway (Roberts 2004). However, many understory species survive a harvest, even a 

clearcut (Crowell and Freedman 1994), and thus the understory can be more diverse after a harvest 

than before (Crowell and Freedman 1994, Gilliam and Roberts 2003). This net increase involves the 

loss of a few late-successional species and the invasion of many pioneer species. Whether or not 

logging has decreased the vascular plant richness on VOYA is unknown due to the lack of pre-

logging data. Climate, growth rates, and dispersal capacity of many species affect recovery time from 

severe disturbance. In southern mixedwood boreal forests of Saskatchewan, understory richness was 

still declining 200 years after stand-replacing fires (Chipman and Johnson 2002).  

Sources of Expertise 

James Cook, UWSP. 
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4.2. Landscape Condition 

The USEPA-SAB framework defines a landscape as ña mosaic of interacting ecosystems or habitat 

patchesò and emphasizes the potential effects of changes in patch size, number, or connectivity on 

both biotic and abiotic processes. The framework recommends consideration of landscape extent, 

composition, and pattern and structure with metrics such as perimeter to area ratio, number of habitat 

types, and longitudinal and lateral connectivity. It identifies managing landscapes, not just individual 

habitat types, as an important element in insuring the maintenance of native plant and animal 

diversity (USEPA 2002). Topics considered in this NRCA under Landscape Condition are land 

cover, impervious surfaces, landscape pattern and structure, road density, lightscapes, and 

soundscapes. 

Our primary source of data and methodology is the NPS NPScape landscape dynamics monitoring 

program (Monahan et al. 2012), which recommends a 30 km buffer around a park as an appropriate-

sized area of analysis (AOA) for understanding park condition in a landscape context. This area is 

approximately ten times the size of VOYA (8,345 km2 vs 829 km2).We also examine the VOYA 

watershed upgradient of the outlet of Rainy Lake, an area approximately 46 times the size of VOYA 

(38,219 km2). A watershed is an appropriate way to analyze the myriad forces and pressures 

operating on the landscape because it captures most cumulative effects (Potyondy and Geier 2011). 

4.2.1. Land Cover 

Description  

VOYA is located in a region of forests and lakes; North American Landscape Characterization 

(NALC) data (USGS et al. 2013) show that within VOYA, the largest land cover type is water (337.5 

km2, 40.7%), followed by temperate or sub-polar broadleaf deciduous forest (264.3 km2, 31.8%) and 

temperate or sub-polar needleleaf forest (147.7 km2, 17.8%) (Table 6, Figure 9). The 30-km AOA 

and the watershed above VOYA are less covered by water (18.7% and 17.3%, respectively) and have 

more mixed forest (14.6% and 29.3%, respectively) than does VOYA. VOYA has more wetlands 

(80.3 km2, 9.7%) than its AOA or upgradient watershed; more extensive wetlands occur to the west 

of the AOA (Figure 9). Cropland, barren land, and urban and built-up land are minor components in 

this landscape, each representing <1% of the land in the park, AOA, or watershed. 

Data and Methods 

Land cover data were obtained from the NALC 2005, version 2 (USGS et al. 2013). Change data 

were obtained from Kirschbaum and Gafvert (2010), in which disturbances in and around VOYA 

were delineated for six years (2002ï2007) using a combination of Landsat satellite imagery and high 

resolution aerial photos. Computer algorithms collectively known as LandTrendr were used with 

Landsat imagery to identify apparent disturbances, which were verified by examination of air photos, 

to track vegetation changes in and around the park. Kirschbaum and Gafvert (2010) divided their 

results into VOYA, the surrounding area in MN up to 3 km from the VOYA boundary (MN AOA in 

Table 7), and the surrounding area in Canada up to 6 km from the boundary (Canada AOA in Table 

7). For each validated disturbance, the authors identified the agent of change (patch creation by 

beaver, blowdown, building, fire, flooding caused by beaver, and forest harvest), the year of 

occurrence, and the starting and ending vegetation classes. In 2014, the 2011 National Land Cover  
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Figure 9. Land cover in the vicinity of Voyageurs National Park (USGS et al. 2013). 
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Table 6. Area and percentage of area in NALC land cover categories, 2005  (USGS et al. 2013). 

 VOYA 30 km AOA 
VOYA 

Watershed 

Level 1 NALC Land Cover Class km
2
 % km

2
 % km

2
 % 

Temperate or sub-polar needleleaf forest 147.7 17.8 1,048.4 12.6 10,832.9 28.3 

Temperate or sub-polar broadleaf deciduous forest 264.3 31.8 3,796.1 45.5 7,600.1 19.9 

Mixed forest 0.1 <0.1 1,222.3 14.6 11,210.3 29.3 

Temperate or sub-polar shrubland <0.1 <0.1 57.9 0.7 600.6 1.6 

Temperate or sub-polar grassland <0.1 <0.1 10.0 0.1 165.9 0.4 

Wetland 80.3 9.7 574.3 6.9 1,169.1 3.1 

Cropland <0.1 <0.1 64.6 0.8 32.1 0.1 

Barren land <0.1 <0.1 <0.1 <0.1 4.6 <0.1 

Urban and built-up <0.1 <0.1 12.1 0.1 7.0 <0.1 

Water 337.5 40.7 1,560.2 18.7 6,594.3 17.3 

Total 829.8  8,345.8  38,216.8  

 

Table 7. Percent of land disturbed in Voyageurs National Park and its surroundings by disturbance agent 

and year (Kirschbaum and Gafvert 2010). 

  Disturbance Agent 

Analysis 
Area Year Beaver Blowdown Building Fire Flooding 

Forest 
Harvest Total 

V
O

Y
A

 

2002 0.08 0.09 0.00 0.00 <0.01 0.00 0.17 

2003 0.03 0.00 0.00 0.00 0.00 0.00 0.03 

2004 0.03 0.00 0.00 0.23 0.00 0.00 0.25 

2005 0.03 0.01 0.00 0.11 0.00 0.00 0.15 

2006 0.00 0.05 0.00 0.00 0.00 0.00 0.05 

2007 0.01 0.00 0.00 <0.01 <0.01 0.00 0.01 

 Total 0.18 0.15 0.00 0.33 0.01 0.00 0.67 

 Average total change yr
-1

 0.11% 

 

C
a
n

a
d

a
 A

O
A

 2002 0.07 0.05 0.00 0.00 0.00 1.06 1.18 

2003 0.02 0.00 0.00 0.00 0.00 2.34 2.36 

2004 0.01 0.00 0.00 0.00 0.00 1.74 1.75 

2005 0.01 0.00 0.00 0.00 0.00 0.97 0.97 

2006 0.00 0.00 0.00 0.00 0.00 0.25 0.25 

2007 0.00 0.00 0.00 0.00 0.00 0.36 0.36 

 Total 0.10 0.05 0.00 0.00 0.00 6.72 6.87 

 Average total change yr
-1

 1.15% 

 

M
in

n
e

s
o
ta

 A
O

A
 2002 0.01 0.06 <0.01 0.00 0.00 0.50 0.57 

2003 0.00 0.00 0.02 0.00 0.00 1.20 1.22 

2004 0.01 0.00 0.02 0.00 0.00 0.73 0.77 

2005 <0.01 0.00 <0.01 0.00 0.00 0.80 0.80 

2006 0.00 0.00 <0.01 0.00 0.00 0.48 0.48 

2007 0.03 0.00 0.00 0.00 0.00 0.41 0.44  

 Total  0.06 0.06 0.05 0.00 0.00 4.13 4.29 

 Average total change yr
-1

 0.72% 
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Database (NLCD) was released (Jin et al. 2013); this contained land cover change statistics for 2001ï

2006 and 2006ï2011. 

Stueve et al. (2011) investigated the amount of disturbance in the Lake Superior and Lake Michigan 

basins from 1985ï2008 using another computer algorithm called Vegetation Change Tracker (VCT). 

Kirschbaum and Gafvert (2013) calculated the changes measured by Stueve et al. (2011) for the 

lower Lake Superior basin as 0.26% yr-1 for 1985ï1999 and 0.32% yr-1 from 2000ï2008.  

Reference Condition 

The GLKN has identified land use and land cover at the coarse scale as a key Vital Sign across a 

wide range of ecosystems (ranked 6th of 46 with a score of 3.8 out of 5) (NPS 2007).  

Loveland et al. (1999) describe three drivers of land use and land cover changes: natural processes 

such as wildfire or pest infestation; direct effects of human activity, such as deforestation and road 

building; and indirect effects of human activity, such as water diversion that lowers a water table. 

Turner and Meyer (1991, in Loveland et al. 1999) emphasize the importance of distinguishing 

beneficial from detrimental changes. Frelich (2012) similarly emphasizes that natural landscape 

processes occur over time, and that maintaining a natural system in a pre-defined condition may not 

be achievable or even desirable.  

Thus, a suitable reference condition might be the stability of the landscape, defined as its capacity to 

endure chronic stressors and low severity disturbances without undergoing a significant change. 

However, lacking the detailed, historic data needed to evaluate such a reference condition, we have 

chosen a reference condition that places VOYA within the context of its region and of other national 

parks in the region. 

The annual land cover change in the VOYA watershed or 30 km AOA should not exceed that 

measured by Stueve et al. (2011) in the nearby lower Lake Superior basin (0.26% yr-1 for 1985ï1999 

and 0.32% yr-1 from 2000ï2008), or in other national parks in the western Great Lakes region (0ï

0.36% yr-1). These represent ñleast disturbed conditionsò or the ñbest of todayôs existing conditionsò 

(Stoddard et al. 2006). 

Condition and Trend 

Annual land cover change in VOYA since 2001 is within the range of values for the region 

and for other national parks; thus, we rate the status of VOYA for land cover change as 

high, with a short-term stable trend. Our confidence in this assessment is high. It should be 

noted that land cover change over a longer period could produce much larger values. 

Kirschbaum and Gafvert (2010) found that from 2002ï2007, a total of 0.67% (361 ha) of the land 

inside the VOYA administrative boundary was disturbed (Table 7); the range among years was 0.01ï

0.25% yr-1, meeting the chosen reference condition of 0.32% yr-1. Most of the change was 

attributable to a fire caused by lightning in 2004 (34% of the total disturbance observed), aftereffects 

of the fire which continued into 2005 (16%), a blowdown in 2002 (13%), and beaver activity in 2002 

(12%). In the Canadian AOA, 3,831 ha (6.87%) were disturbed; forest harvest accounted for 6.72% 

(98% of the total disturbance observed). Similarly, in the MN AOA, forest harvest accounted for 
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96% of the 1,622 ha (4.29%) disturbed. The 2011 NLCD showed that from 2001ï2006, the level 2 

land cover classification changed for 276 ha (0.33%) of the land within VOYA; from 2006ï2011, 

change occurred on 364 ha (0.44%) (USGS 2011, Jin et al. 2013). All these changes were from one 

natural category to another. 

VOYA had a higher rate of disturbance than APIS, ISRO, or MISS over a six-year period, although 

the periods studied varied in time (Table 8). A six-year window may not capture the infrequent, 

moderate to severe natural disturbances that can occur in these parks, so this comparison should be 

made over a longer time frame as the LandTrendr assessments are repeated in the GLKN cycle. 

Table 8. Disturbance in and around Voyageurs National Park compared to other NPS units in the GLKN 
(Kirschbaum and Gafvert 2010, 2013 and citations therein). 

NPS Unit (national 
park, lakeshore, river, 
or scenic riverway) 

In-park % area disturbed 
% disturbed area in 

surrounding analysis area  

Total Yearly Range Total Yearly Range Time period 

VOYA 0.67 0.01ï0.25 11.2 0.73ï3.58 2002ï2007 

APIS <0.1* 0ï0.02 3.94 0.33ï0.98 2004ï2009 

ISRO <0.1 0ï0.02 2.66 0.15ï0.61 2003ï2008 

SACN 1.12 0.04ï0.36 0.85 0.11ï0.18 2005ï2010 

MISS 0.28 0ï0.11 0.57 0.01ï0.22 2005ï2010 

*a forest pathogen event which caused defoliation but not mortality was excluded 

Sources of Expertise 

Kirschbaum and Gafvert (2010); James Cook, Christine Mechenich, UWSP. 
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4.2.2. Impervious Surfaces 

Description 

Monahan et al. (2012) reviewed literature on the effects of impervious surfaces on ecosystems and 

reported thresholds of 2%ï10% for effects on stream geomorphology, 10%ï15% for effects on fish 

diversity, and 1%ï33% for invertebrate diversity. They further reported impacts to ñmore sensitive 

speciesò at 3%ï5% impervious cover and stated that thresholds vary geographically and with a 

variety of physical and biotic factors. Klein (1979), in a study of 27 small watersheds in Maryland, 

suggested that watershed impervious surface should not exceed 10% for sensitive stream ecosystems, 

such as those containing self-sustaining trout populations. Stranko et al. (2008) reported on six 

eastern Piedmont (Maryland) streams whose watersheds had impervious land cover >4%, as assessed 

from the 2001 NLCD. Only one of these streams had brook trout. 

Data and Methods 

We analyzed percent impervious surface using the NLCD 2006 Percent Developed Imperviousness 

dataset (USGS 2011) for VOYA and the portion of the 30-km AOA on the MN side (such data are 

not available for the Canadian side of the park). 

Reference Condition 

Impervious land cover should not exceed 10% within VOYA or its 30-km AOA for the protection of 

sensitive stream ecosystems. This represents a ñleast disturbed conditionò or ñthe best of todayôs 

existing conditionsò (Stoddard et al. 2006). 

Condition and Trend 

Within VOYA, 99.9% of the land area is 0% impervious, and the mean impervious value 

for the park is 0.02%. In the MN AOA, 99.1% is 0%ï2% impervious, and the mean 

impervious value is 0.34%. Our confidence in this assessment is moderate; we have no 

trend data, but given population and land cover trends previously discussed, we do not expect this 

condition to change. Also, population and land cover data for the Canadian side leads us to believe 

that the condition in the Canadian AOA is similar. 

Sources of Expertise 

Dave Mechenich, Christine Mechenich, UWSP. 
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4.2.3. Landscape Pattern and Structure 

Description 

The NPScape project allows for the calculation of metrics for forest density and forest morphology. 

Forest density is a measure of area-density which describes a very broad habitat category, and forest 

morphology is a metric that indicates the amount of core habitat vs. edge in a landscape. 

NPScape uses the NLCD definition of ñforestò to distinguish forest from nonforest cells (Monahan et 

al. 2012). A grid cell is considered ñforestò if the proportion of vegetative cover contributed by 

woody vegetation generally greater than 5 m tall is at least 20% 

(http://www.mrlc.gov/nlcd06_leg.php). For the forest density metric, a cell is considered ñforest 

dominantò if at least 60% but <90% of the grid cells surrounding it in a 7 x 7 cell window (4.4 ha) 

meet the definition for forest. This means that a given window could have anywhere from approx. 

12%ï90% tree cover, and the cell at its center would meet the definition of ñforest dominant.ò The 

metric does not distinguish between forest types with natural differences in tree cover, nor between 

very young forests and mature ones.  

The categories with the highest area-density are ñdominantò (60%ï90%), ñinteriorò (90%ï100%), 

and ñintactò (100%). Percolation theory suggests that 60% area-density is a threshold below which a 

landscape may ñflipò from mostly interconnected areas to mostly small, isolated patches (Monahan et 

al. 2012 and citations therein). Wickham et al. (2007, in Monahan et al. 2012) found area-density to 

be sensitive to loss in the area of dominant forest, even when patch size distribution was unchanged.  

Forest morphology is a metric related to core habitat, which is significant to both biotic and abiotic 

processes in the landscape (Turner 1989). Edge effects on vertebrates, especially birds, are well 

known and may include increased nest predation and parasitism and creation of a biological sink 

(Ries and Sisk 2004). All sharp edges also alter the micro-environment (temperature, relative 

humidity, and wind) for an appreciable distance into the taller community type (Matlack 1993, Chen 

et al. 1995). The spatial extent of these influences, and the corresponding changes in vegetation, vary 

substantially among studies, which have noted differences by aspect, region or forest type, and edge 

structure (Matlack 1993, Cadenasso and Pickett 2001, Nelson and Halpern 2005). A study in the 

boreal mixed-wood forest type of Alberta found a distinct aspect effect, with the edge width for 

http://www.mrlc.gov/nlcd06_data.php
http://www.mrlc.gov/nlcd06_leg.php
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shrubs narrowest on the east; shrub and herb abundance varied up to 20 m into the forest (Gignac and 

Dale 2007). Of particular note is that narrow communities generally contained more alien species, 

which reached their peak abundance 5ï15 m from the forest edge and occurred up to 40 m from the 

edge (Gignac and Dale 2007). Changes in the size or number of natural habitat patches, or a change 

in the connectivity between those patches, can lead to loss of diversity of native species, among other 

effects (Fahrig and Merriam 1985).  

Data and Methods 

The degree to which the current habitat of VOYA is intact was assessed using NPScape. Forest 

density and morphology statistics were calculated for VOYA, its upgradient watershed, and its 30 km 

AOA. The current version of NPScape data that includes both the US and Canada is from the 2005 

NALC, which has a 250 m grid size. This is less detailed than the NLCD data, which has a 30 m grid 

size. However, the NLCD data is not available for Canada. We used both the NLCD and NALC data 

for VOYA itself for comparison (NPS 2012). 

Reference Condition 

The chosen reference condition for forest density is the historic range of variability. This is a 

ñhistoric conditionò (Stoddard et al. 2006). A reference condition for forest morphology was not 

established. 

Condition and Trend 

As calculated using NPScape and the NLCD data (NPS 2014a), 57.6% of VOYA is covered with 

dominant to intact forest (Table 9). However, 35.8% of VOYA is covered by open water, and 4.5% is 

covered by herbaceous wetlands. Of the NLCD grid cells that are characterized as forest (deciduous, 

evergreen, and mixed forests and woody wetlands), 55.7% are intact (100% forest), and 93.9% are 

dominant to intact (60%ï100% forest).  

The main factor limiting the amount of intact forest in VOYA is the presence of open water and 

wetlands. This can be seen by visually comparing the map of forest density (Figure 10) to the land 

cover map for VOYA (Figure 9). Forest areas within VOYA not characterized as intact forest are 

generally bordering open water, herbaceous wetlands, or shrub/scrub/grassy areas. Figure 11 is a 

detailed view of forest density in the vicinity of Locator and War Club Lakes. Areas characterized as 

background, rare, or patchy forest are near the centers of the lakes or herbaceous wetlands. Areas of 

shrub/scrub/grass also create patches of less dense forest in the overall landscape mosaic. Some of 

these forest openings may be related to natural or human-caused disturbance, but Kirschbaum and 

Gafvert (2010) found a very low level of disturbance within VOYA. 



 

 

5
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Figure 10. Forest density in the vicinity of Voyageurs National Park (NPS 2012). 
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Figure 11. Detailed view of the distribution of intact forest around Locator Lake in Voyageurs National Park (USGS 2011, NPS 2012).
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Table 9. Forest density metric for Voyageurs National Park, its upgradient watershed, and its 30 km AOA 

(NPS 2012). 

  
NCLD 30 m grid NALC 250 m grid 

Density 
Class 
Name 

Area-Density 

for Forest 
Cover (p) 

VOYA 

(forest only) VOYA VOYA 
VOYA 30 km 

AOA 
VOYA 

Watershed 

km
2
 % km

2
 % km

2
 % km

2
 % km

2
 % 

Background p = 0% <1.0 <1.0 202.6 24.4 143.7 17.3 385.1 4.6 573.0 1.5 

Rare 0% < p < 10% <1.0 <1.0 26.4 3.2 53.6 6.5 222.3 2.7 439.4 1.1 

Patchy 10% Ò p < 40% 6.6 1.4 69.8 8.4 146.4 17.7 785.2 9.4 2,177.8 5.7 

Transitional 40% Ò p < 60% 23.7 4.9 52.6 6.3 110.5 13.3 727.5 8.7 2,892.0 7.6 

            

Dominant 60% Ò p < 90% 105.8 21.7 124.9 15.1 220.9 26.7 1,910.0 22.9 9,910.2 25.9 

Interior 90% Ò p < 100% 80.5 16.5 80.9 9.8 97.8 11.8 1,311.4 15.7 7,791.3 20.4 

Intact p = 100% 271.9 55.7 271.9 32.8 56.1 6.8 3,003.6 36.0 14,435.4 37.8 

Subtotal ï
Dominant to 
Intact 

 458.2 93.9 477.8 57.6 374.8 45.2 6,225.0 74.6 32,136.9 84.1 

Total  488.4  829.2  829.0  8,345.1  38,219.1  

 
At the 250 m grid scale of the NALC data, the proportion of dominant to intact forest in VOYA 

decreases to 45.2%. This is a natural consequence of using a larger grid size. In this larger landscape 

context, the proportion of dominant to intact forest in the 30-km AOA and upgradient watershed is 

74.6% and 84.1%, respectively. Thus, VOYA exists in a landscape of largely dominant forest habitat. 

However, three of the dominant forest types at VOYA had severe fires as part of their 

historic disturbance regime (Section 4.1.1. Frelich 2012). The intervals for these fires 

ranged from 100 or more years for aspen-birch-conifer to 250ï500 years for Jack pine-oak-

aspen. In almost all cases, a severe fire would have reduced the canopy cover to a very low value, 

almost certainly below the NPScape definition of forest. We do not know the size distribution of 

these fires, but a severe fire rarely stays small. Frelich (2002) estimated that the average size of fire 

in the ósouthern borealô region was 4,000 ha. Thus, after these severe fires, large section of the 

landscape would change from óforestô to non-forest. For these reasons, it is likely that the current 

level of forest cover (approx. 94%) is at the upper end of, or outside, the historic range of variability 

for land cover and is of moderate concern. No trend was determined. Our level of confidence in this 

assessment is moderate. 
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We next examined landscape-level 

data regarding forest morphology 

with an NPScape SOP (NPS 

2014b) that uses Morphological 

Spatial Pattern Analysis (MSPA). 

This process uses image 

segmentation to classify individual 

grid cells in binary 

(forest/nonforest) maps into a set 

of pattern types (Figure 12). 

In NPScape, the eight basic 

landscape pattern types are core, 

islet, perforation, edge, loop, 

bridge or corridor, branch, and 

background (Monahan et al. 2012).  

The results, which are a snapshot 

of NLCD forest morphology in 

2006 for VOYA, the upgradient 

watershed, and the AOA, indicate that using a 30 m edge width, 48.7% of VOYA was core forest, 

and 4.1% was edge (Table 10). Background (not forest) was 41.1%, and the remaining 6.1% was in 

one of five categories (branch, islet, bridge, perforated, or loop) that identified it as an area that was 

either a type of connector between core forest areas or too small to be core forest.  

Table 10. Forest morphology metrics for Voyageurs National Park, its upgradient watershed, and its 30 

km AOA (NPS 2012). 

  VOYA VOYA VOYA 30 km AOA VOYA Watershed 

Morphology 
Class Name 

NLCD 2006 

30 m edge width 

NALC 2005 

250 m edge width 

km
2
 % km

2
 % km

2
 % km

2
 % 

Background 340.8 41.1 420.6 50.7 2,065.1 24.7 6,726.9 17.6 

Branch 7.3 0.9 19.8 2.4 153.8 1.8 571.6 1.5 

Edge 34.3 4.1 115.3 13.9 526.1 6.3 921.6 2.4 

Islet 1.5 0.2 1.9 0.2 17.5 0.2 30.8 0.1 

Core 403.6 48.7 235.3 28.4 4,884.6 58.5 24,706.6 64.6 

Bridge 1.1 0.1 10.1 1.2 58.9 0.7 300.3 0.8 

Perforated 37.4 4.5 14.6 1.8 560.1 6.7 4,629.3 12.1 

Loop 3.4 0.4 11.6 1.4 79.1 0.9 330.9 0.9 

Total 829.3  829.3  8,345.1  38,217.9  

Figure 12. Explanation of Morphological Spatial Pattern Analysis 
(figure obtained from 
http://ies.jrc.ec.europa.eu/news/108/354/Highlight-November-
2009/d,ies_highlights_details.html).  

http://ies.jrc.ec.europa.eu/news/108/354/Highlight-November-2009/d,ies_highlights_details.html
http://ies.jrc.ec.europa.eu/news/108/354/Highlight-November-2009/d,ies_highlights_details.html
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With an edge width of 250 m, there is less core forest and more edge. Using the NALC data, which 

provides a snapshot of conditions in 2005, the VOYA upgradient watershed and AOA have more 

core forest (64.6% and 58.5%, respectively) than does VOYA at that scale (28.4%). Thus, VOYA 

exists in a region in which more than half the landscape is in core forest. As with forest density, the 

pattern of forest morphology strongly mirrors the pattern of open water and wetlands on the 

landscape (Figure 13). 

The historic occurrence of severe fires, supplemented by the occasional wind events, would 

have also played a major role in the forest morphology of the VOYA landscape. Studies 

after the infamous 1988 fires in Yellowstone National Park documented a surprising range 

of impacts on the overstory and the production of a habitat mosaic in many areas (Turner et al. 2003). 

Thus, the average patch size was smaller than expected after a severe (stand replacing) fire, and the 

connectivity of the landscape was strongly altered. It is not possible to quantify the historic forest 

morphology at VOYA with the information available. For this reason, and because of the variability 

of species response (positive, negative, or neutral) to edge (Ries and Sisk 2004), a reference 

condition for forest morphology was not established. 

Sources of Expertise 

Monahan et al. (2012); James Cook, Dave Mechenich, Christine Mechenich, UWSP. 
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Figure 13. Forest morphology in the vicinity of Voyageurs National Park (NPS 2012).






































































































































































































































































































































































