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This guide explores forest management planning as 
it relates to the habitat needs of forest dependent 
neotropical migratory birds. This guide was 
developed through the cooperative effort of 
foresters, wildlife specialists and ecologists in the 
4-state Driftless Area with the objective of 
enhancing forest health and bird habitat by 
recognizing the interrelationships between birds 
and forests. Management recommendations are 
intended to address forest types typical of the 
Drifltess Area including oak and central, northern, 
and bottomland hardwood. It is our hope that this 
document will provide a framework for holistic 
forest management in a landscape with regional, 
national, and global significance.  
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The Driftless Area plays an important role in the 
lives of many bird species. The Mississippi River 
Flyway, including the Upper Mississippi River 

Fish and Wildlife Refuge, is a vital migration 
corridor for more than half of North America’s 
bird species. The Refuge bisects the Driftless Area 
and connects it directly to global bird populations. Much of the steep, rugged landscape escaped 
development and continues to support some of the region’s most extensive forests, providing 
significant habitat opportunities for forest interior birds. 
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This guide was developed to provide a tool to assist management planning in heavily forested 
landscapes where habitat for interior forest dependent bird species is a priority. In the planning 
process, it is important to consider the surrounding landscape, and develop plans that include 
appropriate wildlife and ecosystem goals. It is also important to consider the potential results of 
taking no action. Management actions should be guided by a property specific plan taking into 
account long-term forest regeneration goals, regional habitat goals, landowner objectives, the 
threat of invasive non-native species, and other factors. 
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This document identifies forest interior habitat potential within the Driftless Area based on a 
model modified from Knutson et al. (2001). This model provides a simplified representation of 
the landscape and may not identify some sites that do provide high quality forest interior habitat. 
Potential interior forest habitat quality is rated in tables and regional maps that can be used to 
help guide planning for individual properties with reference to their landscape context.  
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This document attempts to integrate the best available understanding of forest interior bird habitat 
needs with existing silvicultural tools and knowledge. However, very little systematically 
gathered and analyzed information currently exists to link management actions with bird 
population responses over time. Management activities should, therefore, be approached in an 
adaptive fashion. Information gained through monitoring and experience should guide future 
management plans. This document will be revised as new information and understanding 
becomes available. The most recent version of these management recommendations can be found 
online at www.driftlessareainitiative.org
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Introduction: Driftless Area Forests and Bird Habitat 
 
The Driftless Area of the Upper Mississippi River Basin is a unique landscape which supports an 
unusually large number of threatened and endangered plant and animal species. The region plays 
a critical role in the lives of many bird species both because of its position as a rest/feeding stop, 
and because of the habitat opportunities it presents. The Upper Mississippi River and its 
tributaries provide vital migration corridors for more than half of North America’s bird species. 
These corridors make up the largest contiguous area of fish and wildlife habitat remaining in the 
Central United States. The Refuge alone provides breeding and migration habitat for over 290 
bird species (Knutson and Klaas 1998, Knutson et al. 1996). The Driftless Area provides 
significant opportunity for forest interior birds because much of the steep, rugged landscape 
escaped development and continues to harbor some of the region’s most extensive forests (Figure 
1). This area represents one of the best opportunities remaining in the upper mid-west to manage 
forest interior habitat for species dependent on southern forest types. 
 

The Driftless Area comes to the forefront as a 
region of interest in part because of the 
diverse and uncommon array of biological 
resources found here. Each of the states 
contributing land to the Driftless Area lists a 
large proportion of their Species of Greatest 
Conservation Need (SGCN) in this unique 
region. Each state identifies SGCNs based on 
local information and criteria outlined in their 
State Wildlife Action Plan (Appendix G). In 
general, species of greatest conservation need 
include those species that are either locally 
rare or declining, are rare or declining across 
their range, are dependent on rare or 
vulnerable habitats, have unique 
characteristics that make them vulnerable, or 
are subject to specific threats that make them 
vulnerable to extirpation. The relationship of 
SGCN’s with this landscape underscores the 
relatively high number and biological 
significance of natural communities and 
management opportunities in the Driftless 
Area.  

Figure 1: Forest cover (dark color) in the Driftless 
Area occurs mostly on the steep unfarmed 
hillsides of this dissected landscape. 72% of 
forest cover occurs on slopes greater than 30%. 

 
Forests in the Driftless Area of the Upper Mississippi River Basin have undergone predominantly 
exploitative management over the past 150 years. In the past, practices such as high grading, 
diameter limit harvesting, and woodland grazing were the norm. These unsustainable practices 
have had many negative effects on the economic, biological, and cultural value of these 
woodlands. Fragmentation of forests by roads, development, and agriculture continues to 
diminish habitat quality and quantity for a variety of migratory bird species. Invasive non-native 
species and browsing by large deer populations also threaten native woodlands in the Driftless 
Area. Despite past land use, substantial opportunity currently exists to promote large, contiguous 
patches of suitable forest habitat through coordinated management efforts.  
 
Land use decisions are critical in determining the distribution of forests and their role in the 
landscape. Current management decisions will shape future forest composition and structure. 
Together, these decisions have significant impacts on ecosystem function, including the 
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maintenance of habitat for forest interior birds. Given that human activities are the primary force 
influencing forest composition, distribution, and structure in the Driftless Area, it is critical to 
consider forest interior bird habitat needs in the management planning process. This document 
attempts to integrate current understandings of bird habitat needs with the application of forestry 
management planning and silvicultural practices. 
 
 
Forest Interior Birds: Indicators of Habitat Quality 
 

Cerulean Warbler (Dendroica cerulea) 
 

Habitat Description:  
 

Forest interior bird species require large tracts of  
mature forest far from urban or agricultural disturbance  
for successful breeding and reproduction. The habitat  
requirements exhibited by these birds is thought to be  
an adaptation helping to minimize nest predation by 
raccoons, cats, etc. and brood parasitism by the  
Brown-headed Cowbird. 
 
The Cerulean Warbler, for example, need blocks of        Photo: USFWS
forest 1,000 acres or larger in size, and is known to  
favor large diameter super-canopy trees for nesting. Cerulean Warblers can be found nesting in both 
bottomland forests and in dry ridge-top woodlands (Rosenberg et al. 2000). The Cerulean Warbler 
represents an umbrella forest-nesting species because of its requirement for relatively rare large tracts of 
mature forest. Woodlands meeting the needs of the Cerulean Warbler are likely to also be suitable for a 
host of other area-sensitive species dependent on high quality interior forest habitat. Such species are 
enumerated in Appendix A. A partial list of birds whose habitat requirements may be met within the 
context of Cerulean Warbler habitat includes: the Wood Thrush, Acadian Flycatcher, Kentucky Warbler, 
Canada Warbler, Hooded Warbler, Mourning Warbler, Nashville Warbler, Yellow-throated Vireo, 
Prothonotary Warbler and Louisiana Waterthrush. 
 
Although total habitat area is an important factor influencing the success of many bird species, other 
factors also play important roles. Paul Hamel (2000) finds that although Cerulean Warblers require large 
blocks of contiguous forest, they are most strongly associated with sites providing significant visibility of 
the sky from preferred nesting locations. Canopy closure of 85% is average for successful Cerulean 
Warbler breeding sites. Such conditions typically result from small-scale disturbances, and can be 
mimicked by appropriate management. Vertical distribution and complexity of the canopy is also known 
to be an important factor, and Cerulean Warblers tend to have better nesting success on sites with larger 
upper canopy trees and a relatively open understory. Additional factors influencing habitat quality include 
stand age and size structure, proximity to water and/or roads, slope/aspect, woodland size and shape, and 
proximity to other forested habitat on the landscape. Each bird species will respond in a unique way to 
manipulation of these characteristics. 
 
A habitat model developed by Knutson, et al. (2001) suggests that the relevant landscape influencing 
territory selection and reproductive success of Cerulean Warblers is about 4,000 ha (10,000 acres). Within 
this matrix, land use should be at least 50% forested with >25% mature forest and less than 15% hostile 
habitat. Hostile habitat is defined as any land use that is favored by or serves as an access corridor for 
known nest predators and brood parasites (e.g. short-grass, intensive animal grazing or feed lots) or serves 
to fragment or disrupt forest habitat (e.g. roads and developed areas). 
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Management Planning: Charting a path towards successful management 

 
Effective management planning requires a structured process that 
incorporates available resource information and reasonable 
management objectives into a coherent and achievable plan leading 
to desired outcomes. This guide provides landscape-scale criteria to 
help integrate forest interior habitat considerations into sustainable 
forestry management planning. The likelihood of achieving specific 
management goals, and the potential risks should be carefully 
considered before taking action. Additionally, forestry management 
plans, like most long-term plans, may need to be adjusted over time 
to accommodate new information and changes in the forest.  
 
This management planning process can be summarized in the 
following steps: 
 

2. Choose management objectives 
a. Birds and/or other Wildlife 
b. Timber 
c. Aesthetics 
d. Biodiversity 
e. Other objectives 

 

3. Develop management plan 
4. Perform management 
5. Monitor outcomes 
6. Adjust management 

Forests and grasslands in northeast Iowa. 
Photo: Colleen Schneider, USDA - NRCS 

 
 
 
 
 
 
 
 
 
 
 
 
 

Appropriate management objectives and approaches 
will depend on landscape context and site-specific 
characteristics, including ecological suitability, 
landscape composition and structure, forest 
composition and structure, unique communities and 
features, landowner goals and financial constraints. 
With these considerations in mind, it will be 
important to develop management plans that consider 
existing forest conditions on the surrounding 
landscape with the specific purpose of improving 
interior forest bird habitat. Some stand and 
landscape-level forest management criteria that relate 
to these considerations include: 

1. Assess current conditions. 
a. Landscape context 
b. Regional habitat issues 
c. Natural communities 

mapped by DNR or Natural 
Heritage Programs 

d. Forest composition (on-site) 
i. Canopy structure 

ii. Age structure 
e. Ecological factors (on-site)  

i.Hydrology, soils, aspect, etc. 
ii. Invasive species risk 

 

 
• Stand size 
• Canopy cover 
• Tree species composition 
• Tree DBH / Age distribution 
• Forest cover / Patch size 
• Age class diversity 
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Invasive species present a unique 
problem for forest regeneration 
and the survival of some natural 
communities and bird populations. 

The effects of management will have a strong 
influence on the kind of plant community that 
will develop. Site ecology, soil composition, 
and hydrology will also be major determinants 
of the outcome of management actions. 
Unanticipated outcomes should also be 

considered. For example, the potential response of non-native invasive species must be 
considered when developing a management plan. Invasive species can present unique problems 
for forest regeneration and the survival of some natural communities and bird populations. These 
aggressive plants tend to out-compete native vegetation, including tree seedlings, and inhibit 
regeneration of the forest as older trees die, or are harvested. Once a forest has become infested, 
many years of repeat treatment are often needed to control the problem. Appendix F provides an 
overview of these issues and advice on how to limit the impact of invasive species on the forest. 
 
Little long-term data demonstrating the effects of specific management actions on interior forest 
habitat exist, so we should assess the results of our efforts and adjust as needed. Systematic 
monitoring before and after management activities will allow for adaptive efforts based on 
outcomes. Such monitoring will tell us if other priority native plant communities are present 
within the management unit, and allow the consideration of steps to preserve these habitats. 
Priority natural communities are often mapped by state Departments of Natural Resources and/or 
Natural Heritage Programs, and can serve as a cornerstone for the local ecosystem. It is also 
recommended that a complete bird survey identifying nesting sites, species, and habitat 
associations be conducted whenever FIB habitat management is identified as an objective. A brief 
overview of this issue and list of possible resources for completing needed surveys is included in 
Appendix C. 
 
 

 

            White-tailed Deer: A threat to forest regeneration  
            and native plant communities 
 
 

 

Despite the value that white-tailed deer provide for wildlife 
viewing, hunting, and venison, this super-abundant species has a 
profound influence on forest communities through selective 
browsing of preferred species of wildflowers, shrubs, and trees 
(including oak). The activities of white-tailed deer have a direct 
impact on many aspects of woodland stewardship. Intensive 
management of white-tailed deer is needed to reduce the deer herd 
to levels that will, over time, allow the recovery of understory 
vertical structure, species composition, and abundance of v
within the forest. Without appropriate monitoring and deer 
management, regeneration of the herbaceous and woody forest 
community will be extremely difficult, if not impossible to 
accomplish. Both of these components have direct relationships to 
the quality of forest habitat available for avian species. Local 
managers will have a better understanding of site-specific 
conditions and how to best manage deer related issues. 

egetation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Photo: National Park Service
 
 
 
 
 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Invasive Non-Native Species: Public Enemy #1 
 
Plants like garlic mustard, buckthorn, and honeysuckle change the forest by  
dominating the under story and limiting the growth of plant, mycorrihzae and 
insect communities forming the base of the forest ecosystem. Without healthy  
populations of native plants, the forest floor is more susceptible to invasion by  
additional non-native invasive species, and songbird habitat quality is diminished.  
Additionally, invasives like buckthorn and honeysuckle can serve as an  
ecological trap for some songbirds. These species leaf out earlier than most  
native trees, causing some bird species to build nests closer to the ground, and  
leaving them more susceptible to nest predation and other threats (Schmidt and  
Whelan 1999). 
 

Management decisions will influence the susceptibility of forests to increased  
dominance by non-native invasive species. It is important to remember that  
many of these species will respond positively to management practices used  
to regenerate certain forest species. The resulting flush of growth by invasive  
species may severely limit the ability of native trees and vegetation to re-capture the site. Plan your management 
with non-native invasive species in mind. If your management technique will result in an increase in dominance 
of existing non-native invasive species, explore any alternative management options. 
 

The cost of controlling invasive non-native species can be high, if an infestation is not identified and eliminated 
early. The long-term cost of not controlling invasive species can be even higher. For example, infestations of 
aggressive non-native species can limit natural reproduction of desirable trees.  
 

Invasive species can also reduce the growth of established trees. Garlic mustard  (Alliaria petiolata), can 
completely dominate the herbaceous layer of a woodland within a few years of establishment. This European 
herb has an allelopathic effect on other forests plants, and appears to limit both germination and growth of native 
plants and trees (Prati and Bossdorf 2004, Stinson et al. 2006). The mechanism by which tree growth is limited 
appears to be the result of damage to the mycorrhizal fungi that help many plants fix nitrogen from the 
atmosphere for growth (Roberts and Anderson 2001). These allelopathic effects may reduce growth of native 
trees by up to 60%. 
 

In addition, non-native earthworms are slowly spreading through most of the forests in the Driftless Area. 
Earthworms negatively impact the forest duff layer, which in turn results in highly degraded habitat for many 
native herbaceous species and for the germination of many native tree species. Steps should be taken to prevent 
further earthworm introduction through education of anglers, landowners and others.  

Garlic Mustard in Bloom 
Photo: Wisconsin DNR 

  
  
  
  
  
  
  
  
  
  
  
  
  Sunrise in the Driftless Area 

Photo: David C. Wilson   
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Linking Landscape Context to Management Objectives: Planning from a Landscape 
Context Perspective 
 

Governor Dodge State Park, Wisconsin 
Photo: David C. Wilson 

Habitat requirements, and management 
needs, differ dramatically among woodland 
dependent birds. Some species require 
brushy new-growth in forest openings while 
others need tall canopies with an open 
understory. Different species may thrive in 
large trees bordering streams or wetlands, or 
along forest edges, or in scattered more 
savanna-like woodlands. Individual species 
may even require different kinds of forest 
habitat for different parts of their life-cycle. 
Any management action is likely to benefit 
some species while reducing habitat for 
others. This effect is usually temporary, and 
some forest interior bird species will return 
to harvested stands within 10-15 years of a 
harvest, provided that harvested areas are part 
of a larger block of forest. Management 
planners should weigh the potential effects of harvest and other management activities on both 
the forest community and bird species of interest. Depending on the landscape context and site 
specific conditions, certain objectives may be either more or less appropriate and/or realistic.  
 
The approach taken in this guide begins with the recognition that in the Driftless Area, large 
contiguous blocks of forest are relatively uncommon, while more isolated and smaller stands are 
quite common. Both young and old stands are currently underrepresented on the landscape. 
Expanding forest habitat through establishment of new plantings that bridge the gaps between 
existing woodlands will benefit many bird species. The landscape-scale structural and age 
diversity of the forest can be enhanced through strategically planned management and/or harvests 
that allow some stands to achieve ecological maturity while improving the health and vigor of 
established woodland communities. 
 
Forest interior birds are viewed here as a group of species in need of enhanced habitat quality and 
availability. The Cerulean Warbler is used as an “umbrella species” representing the forest 
interior bird guild because of its need for large blocks of mature forest with relatively open 
understory and some canopy openings. These habitat requirements encompass the needs of a 
large variety of other area sensitive forest birds, and can be used as a template for developing 
management plans addressing the needs of forest interior birds at particular locations on the 
landscape.  
 
Following assessment of site level characteristics by a resource professional, a short series of 
questions will help guide the development of a forest management plan that incorporates forest 
interior bird habitat considerations. A summary of recommendations corresponding to potential 
landscape conditions is presented for each question. These questions address the concepts of: 
 

1.) Landscape Context, 
2.) Management Goals for Forest Interior Bird Habitat, 
3.) Silvicultural Systems and Other Methods to Achieve Goals, and 
4.) Harvest Size and Re-entry Schedule for Silvicultural Practices.  
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Question 1: What is the Landscape Context of site(s) and stand(s) with respect to  
                    Forest Interior Bird Habitat?  
 
Landscape Context 
 
Landscape context (Figure 2) is used here to prioritize the Driftless Area landscape with respect 
to its potential to support interior forest habitat. Landscape context provides a reference to 
existing habitat distribution and availability. These characteristics can tell us where and when 
specific management actions are likely to enhance interior forest habitat. Landscape context can 
help us decide where interior forest habitat is both a priority, and a realistic management goal. 
Although unique habitat and landscapes can occur anywhere, the focus here will be on landscapes 
most likely to provide the conditions needed for successful nesting and reproduction of forest 
interior bird populations. 
 
Our method (Appendix D) uses a Geographic Information System model to divide the landscape 
into three tiers with varying suitability for interior forest habitat management. The model is based 
in information presented by Knutson et al. (2001). Basic criteria used to assess landscape context 
within a 4,000 hectare landscape can be roughly summarized as follows: 

 
 Tier 3 = High FIB Habitat Potential  

o (Forest Cover > 60%, Hostile Habitat < 15%) 
 Tier 2 = Intermediate Habitat Potential  

o (Forest Cover 40 - 60%, Hostile Habitat 16 – 60%) 
 Tier 1 = Low FIB Habitat Potential  

o (Forest Cover < 40%, Hostile Habitat > 60%) 

“Landscape context can 
help us decide where 
interior forest will be a 
realistic management goal.” 

 
 
Additionally, forest connectivity was assessed 
using the Patch Cohesion Index (Schumaker 
1996). This index describes the level of 
connection a given forest stand has to other forest 
habitat in the surrounding landscape.  
 
Developed land, urban features, agriculture, and 
even roads present in the surrounding landscape 
can also influence the suitability of a site for 
interior forest habitat management. These features 
all tend to fragment existing forest habitat, and 
can serve as travel corridors or breeding grounds 
for predators, brood parasites, and invasive 
species. The model used here incorporates 
information about these features to address their 
effects on habitat potential. Appendix D provides 
a full description of the model and the factors 
assessed.  
 
Appendix E lists townships where the model 
indicates that interior forest habitat management 
has the highest potential for success. Information 
about landscape context can also be used to help 
make decisions on where management for other 

 

Maquoketa Caves State Park: Maquoketa, Iowa 
Photo: David C. Wilson 
natural communities is a more appropriate goal.
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Tier 3: Landscapes with High Potential for Forest Interior Bird Habitat Management 
 
Tier 3 landscapes provide a high level of forest connectivity while being minimally influenced by 
hostile habitat types. 
 
Maintaining and enhancing forest connectivity on landscapes minimally influenced by roads, 
urban development, and agriculture is a priority voiced by Knutson et al. (2001). The Tier 3 
designation (Figure 2) highlights portions of the Driftless Area landscape providing excellent 
potential to support high quality interior forest habitat. The needs of the FIB guild are a priority in 
Tier 3, and managing for their needs 
should be strongly encouraged. In general, 
large blocks of forest connected to other 
forested tracts in the surrounding 
landscape should be a management goal.  
 
Forest management can be used to 
encourage compositional and structural 
attributes that benefit forest interior bird 
populations (See: Management planning 
question 2 and Appendix B). A brief 
summary of critical considerations for 

improving forest interior habitat on the 
landscape is included below: 

Bluffside Park: Winona, Minnesota 
Photo: David C. Wilson 

 
1. In general, management for large trees, diverse sub-canopy structure, increased coarse 

woody debris, snag trees, and soft, feathered edges around management units will 
provide improved habitat for many interior forest species.  

2. In all forest types, efforts should be made to minimize disturbance of rare plant 
communities and corridors connecting larger tracts of forest. 

a. Oases of wetland and non-forest habitat, such as prairies and oak savannas, are 
critical components of the Driftless Area landscape, providing microhabitat and 
resources for species that would otherwise not be present. 

3. Planting trees to reconnect forest stands (Figure 3) will, over time, improve habitat for 
many forest interior birds. 

4. Adjoining landowners should be encouraged to coordinate management activities and 
manage distinct stands as a unit to further reduce fragmentation.  

5. Significant investment in landowner education and outreach to cultivate an understanding 
of forest management practices and outcomes, and their relationship to wildlife habitat 
and regional biodiversity, are warranted in these landscapes. 

 
Regenerating oak, within stands and as a timber type on the landscape, will provide long-term 
benefits to forest interior birds. Even-aged practices on the scale necessary to regenerate oak 
should be acceptable in dry to dry-mesic oak forests and woodlands. Well planned regenerative 
harvests are likely to leave sufficient habitat for FIB populations in the densely forested Tier 3 
landscape. Take note, however, that northern hardwood and mesic oak forests support many 
species of rare plants and animals that thrive in dense shade and do not benefit from intensive 
harvest prescriptions. It will be important to plan and monitor management activities to ensure 
that landscape canopy cover is not reduced below the recommended 65-85% range (Hamel 1992, 
Robbins et al. 1992, Oliarnyk and Robertson 1996, Robbins et al. 1998).  
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Figure 2: Landscape Context - Land use in the area around a forest stand can play an important role in  
    determining the suitability of that stand for some species of migratory songbirds. Landscape context  
    and forest interior habitat potential are determined by density and distribution of forest, habitat for  
    predators and brood-parasites, and other characteristics of the surrounding landscape. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Tier 2: Landscapes with Intermediate Potential for Forest Interior Bird Habitat Management 
 
 
It is important to recognize a gradient from high interior forest habitat potential in Tier 3 to 
Low/non-existent interior forest habitat potential in Tier 1. Tier 2 represents an intermediate 
landscape in which locations adjacent to high quality interior forest habitat and in more densely 
forested areas may present good opportunities for protecting and improving forest interior bird 
habitat through appropriate management actions.  
 
Many Tier 2 areas already support forest interior birds, but would be improved with enlargement 
of the forested areas and the establishment of connecting corridors between existing stands. A 
primary bird habitat management goal is, therefore, to maintain or expand woodlands suitable for 
interior forest bird where this opportunity is present. Appropriate management on Tier 2 
landscapes should encourage afforestation to develop larger blocks of forest.  
 
Knutson et al. (2004) conclude that forest area alone may not be a particularly strong indicator of 
nesting success in landscapes where nearly all available forest is highly fragmented.  

In general, large blocks of forest 
connected to other forested tracts 
in the surrounding landscape 
should be a management goal. 

Research suggests that some highly fragmented sites and sites far from other high quality interior 
forest habitat may represent ecological traps where nesting birds cannot produce enough viable 
offspring to replace the population as older individuals die (Robinson et al. 1995, Donovan et al. 
1997, Hochachka et al. 1999). It is hypothesized that such isolated stands provide easy access for 
brood parasites, like the Brown headed 
cowbird, and nest predators (e.g. cats, 
raccoons, opossum, etc.), thereby reducing 
survival of both nestlings, and nesting birds 
(Chalfoun et al. 2002). Therefore, efforts to 
increase forest connectivity across the 
landscape should also be emphasized. 
 

Winneshiek County, Iowa 
Photo: Tim McCabe, USDA - NRCS 

Critical characteristics of high quality forest interior bird habitat (outlined in Management             
Question 2) can be used to assess the potential for developing and enhancing habitat in Tier 2 
landscapes, and to prioritize management activities. The major goal for habitat management in 
Tier 2 will be the maintenance or enhancement of landscape connectivity. Connecting corridors 

should be encouraged through 
planting efforts (Figure 3), and the 
division of contiguous forested 
areas should be discouraged. As a 
rule of thumb, connecting 
corridors should allow safe travel 
through a forested area buffered 
from hostile habitat that would be 
avoided by FIB’s; 100 meters has 
been suggested as a guideline for 
forest interior buffers (Temple 
1986). Maintaining native species 
diversity of the forest community 
may help to reduce the threats of 
non-native pathogens and 
competition from non-native  

                                                                                                     invasive species.  
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Figure 3: Reforestation Priorities - Reforestation of land separating nearby blocks of forest would help to reduce 
    forest fragmentation in priority landscapes and improve connectivity among higher quality interior forest  
    habitats.  The probability of improving habitat conditions for interior forest birds through reforestation efforts  
    should be greatest on currently non-forested portions of landscapes with high forest connectivity.  This figure  
    highlights, in red, orange, and yellow, areas of tilled cropland on slopes greater than 15% falling within zones of 
    high forest connectivity (patch cohesion index).  The color spectrum (yellow – red) represents increasing  
    landscape connectivity for forest habitat (green).  Reforestation efforts in identified areas can be expected to have 
    a bigger effect on landscape-scale interior forest habitat potential than efforts in other portions of the landscape. 
    All sites identified in this figure rank on the extreme high end of the patch cohesion index spectrum, and are  
    located in portions of the landscape prioritized for interior forest habitat management.  Red, yellow and orange  
    areas represent only the cultivated fields existing on steep slopes at the time this land cover assessment was  
    completed (2001).  Reforestation of some areas adjacent to identified sites would also provide great benefit to  
    interior forest birds, especially when such action would fill in a gap between the identified priority area, and  
    existing woodlands.  An additional benefit of reforesting fields on steep slopes would be reduced soil erosion and 
    run-off from these lands.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Recommendations on preferred management approaches and ecological objectives in Tier 2 
landscapes seem to differ among resource professionals and agencies across the Driftless Area. 
Many consider the regeneration of high quality, fire dependent oak to be a primary goal in these 
intermediate forested landscapes. This approach places the focus on implementing best practices, 
often even aged, to regenerate oak, while enhancing available interior forest habitat. An 
alternative school of thought suggests that less intensive management consisting of either no 
timber cutting, or smaller patch cuts and shelterwood cuts will achieve desired forest regeneration 
while maximizing available habitat for interior forest birds. Local and regional trends in forest 
succession, as well as site history and ecological condition should be considered when choosing 
between these approaches. 
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Tier 1: Landscapes with Low Potential for Forest Interior Bird Habitat Management 
 

Tier 1 provides little, if any, forest interior bird habitat potential. Sites in this zone will often be 
managed for other wildlife species and habitats. When woodland establishment is a goal, trees 
should be planted near other stands to build larger blocks of forest, and possibly transition to a 
Tier 2 landscape over time. Forested riparian corridors provide critical habitat for many avian 
species of greatest conservation need, and should be a management priority. Deep forested 
valleys can provide habitat for some interior dependent species, even in less heavily forested 
landscapes (Figure 4). 
 

The gradient from Tier 3 to Tier 1 often corresponds to a parallel gradient of increasing 
representation and importance of oak in woodlands. Historically, this gradient resulted from the 
fire resistance and adaptations exhibited by many oak species coupled with fire regimes 
perpetuated either naturally, or through Native American land management. Indeed, a large 
portion of southwest Wisconsin’s Driftless Area falls into Tier 1 and is delineated as the 
Southwest Savanna Ecological Landscape. Historically, this area was dominated by oak savanna, 
and significant opportunities for restoration of this endangered ecosystem remain today. 
 

In the northern part of the Driftless Area (e.g. southeastern Minnesota and west-central 
Wisconsin), the ecological transition described above varies slightly in that a higher level of 
Northern Hardwood and mesic oak forests are present across the landscape. Drier oak woodlands 
are less common on this portion of the Driftless Area landscape, and isolated remnant Northern 
Hardwood communities may be of greater importance as a management priority. 
 

Figure 4: Critical Habitat in Isolated Forests - Larger blocks of forest nested in Tier 1 landscapes may also 
provide important habitat for some avian species of greatest conservation need. Forested valleys and riparian 
corridors are especially important, and should be a management priority. For example, Minnesota Department of 
Natural Resources has documented Cerulean warblers, Acadian flycatchers, and other interior forest dependent 
species in the relatively isolated forest habitat in and around Forestville Mystery Cave State Park. 
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Question 2: What compositional and structural attributes should be promoted? 
 
Management Goals for Forest Interior Bird Habitat 
 
Certain structural, compositional, and landscape characteristics can have a strong influence on the 
quality of interior forest habitat. These characteristics influence how conditions outside of the 
forest affect habitat inside, and the extent to which individual stands contribute to habitat across 
the landscape. They can also determine the extent to which wind-throw, wind drying, and 
pesticide drift affect the forest interior. Invertebrate ecology, animal movement, risk of brood 
parasitism/predation, and many other factors are also influenced by these characteristics.  
 
Primary determinants of forest habitat quality include stand composition, age and size structure, 
canopy closure, proximity to water or roads, slope/aspect, stand size and shape, and proximity to 
other stands on the landscape. The following checklist summarizes significant attributes that 
should be promoted to improve habitat for forest interior birds. These forest interior habitat goals 
will apply on all landscape tiers, and should provide overarching guidance to plan writers. 
 

 Landscape composition and structure 
o Consider forest landscape and stand canopy cover. Maintain large patches of closed 

canopy forest on most of the landscape. 
 Relevant landscape size = 10,000 acres or greater. 
 Maintain > 60% of landscape in forest > 10 years old  
 Maintain > 70% canopy cover in forested areas. 

• Scattered openings promote understory growth and provide needed access to 
the sky for some species (e.g. Cerulean Warbler). 

• Maintaining lower basal area, related to canopy closure, promotes 
regeneration for many Central Hardwoods tree species. 

• Northern Hardwoods can have greater crown closure without negatively 
affecting regeneration. 

 Landscape context may have increased influence on habitat selection in riparian 
communities (Saab 1999). 

• Edges seem to have less influence on habitat selection in Bottomland 
ecosystems where sloughs and wetlands make up a larger proportion of the 
non-forest habitat (Melinda Knutson, Personal communication, Small and 
Hunter 1989). 

• The habitat model used here may underestimate interior habitat potential in 
riparian communities. 

 Sloughs and wetlands already create openings in Bottomland Hardwoods, and 
it’s best not to promote more. 

• Additional openings may increase the growth of reed canary grass and other 
invasive species. 

 Com os  (forest stands and plant communities) p itional Attributes
o Forest cover types 

 Maintain landscape representation of all major forest cover types in a variety of 
stand sizes from small to large (2 acres – 1000 acres or larger).  
• Currently, small woodlands are plentiful, while larger blocks of forest are 

under-represented on the Driftless Area landscape. 
• Major cover types in the Driftless Area include: oak, central hardwood, 

ood. northern hardwood, and bottomland (floodplain) hardw
 Maintain representation of less common forest cover types. 
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 Structural Attributes (forest stands and plant communities) 

o Reduce the amount of hard edges present. 
 Feathered (soft) edges contribute to better FIB 

habitat.  
“Provide an early 
successional transition 
zone at forest edges.” 

• Provide a shrubby or early successional 
transition zone at forest edges to disrupt 
direct access to interior forest areas and 
reduce opportunities for nest predation and brood-parasitism.  

• Feathered edges reduce wind-throw, micro-climate changes, herbicide drift, 
and other factors that can harm the interior forest ecosystem.  

 Consider stand size and shape; in general, fewer large stands (as compared to 
more small stands) and rounder shapes have less edge.  

• Stand size and shape are especially relevant considerations in the Driftless 
Area where forests are largely confined to deeply dissected hillsides. 

• Efforts should be made to reduce fragmentation while bridging gaps between 
stands. 

o Maintain the representation of some large trees. Use extended rotations in some 
stands. Retain reserve trees (e.g. legacy trees); reserve trees can become large trees, 
then large snags, then large coarse woody debris. 
 Retain large trees >11” DBH and > 60’ tall in the Riparian zone (especially 

hanging over water). 
• These trees can be thought of as super-canopy or super-dominant trees and 

provide exceptional habitat.  
• The riparian forests that contain these large trees are often habitat for 

Louisiana Waterthrush and other FIB’s adapted to stream corridors. 
o A riparian buffer zone should be managed with minimal timber cutting. 

 Trees that are large relative to the rest of the stand may also meet this need. 
 Mature Tier 3 forests will be weighted towards larger size classes to provide the 

needed FIB habitat structure.  
• Promoting both young and old trees on the landscape will help to maintain 

age-class diversity. 
o This will support the long-term future of mature forest habitat as 

management shifts regeneration to different sites on the landscape. 
 Preferred trees include mature oak, hickory, elm, and sometimes maple because 

they tend to provide more large horizontal braches high in the canopy, rather 
than narrow vertical growth.  

• Horizontal branches in the canopy are preferred nesting sites for Cerulean 
Warblers, Scarlet Tanagers and a variety of other FIB’s (Hamel 2000, Hamel 
2006, Rosenberg et al. 1999, Rogers 2006, Oliarnyk and Robertson 1996) 

• Many wildlife species, including bird species of greatest conservation need, 
key in on oak and preferentially choose territories with a significant oak 
component in the canopy.  

• Oak is also important because of the mast seed resource that it provides for 
birds and other wildlife.  

 Effective oak regeneration is a stated need on much of the Driftless Area 
landscape. 

• Some Tier 3 forests provide excellent opportunities for oak regeneration, as 
even-aged management can be used to create internal openings, rather than 
divisions between adjacent stands. 
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o Canopy/Sub-Canopy Diversity 

 Vertical diversity should be maintained.  
• Multiple layers of tree species, sizes and vegetative structure are good. 

 Multiple layers should also be maintained in the upper canopy. 
 Multiple age structures should also be represented on the landscape to provide 

further habitat diversity and resiliency. 
 Encourage compositional and structural diversity within and between stands. 

What is locally common and what desirable attributes are locally uncommon? 
o Develop and retain standing and downed coarse woody debris.  

 Retain at least 4 snags, girdled culls, or den trees >11” dbh per acre. These snags 
should incorporate a variety of species and tree sizes. 
• Old aspen provide ideal snags for many bird species. 

o Aspen are soft and particularly susceptible to heartwood fungus, which 
seems to be positively associated with some cavity nesting SGCNs. 

 Research indicates that patch clearcut silvicultural systems can retain greater 
amounts of coarse woody debris, higher nutrient content in dead materials, and 
greater carbon storage than other approaches (Park et al. 2006). 

 Retain coarse woody debris in shelterwood cuts. 
• Broadly distributed top-slash may help protect seedlings from deer browse 

and provide hunting perches for insectivorous birds. 
 Unique Communities and Landscape Features 

o Unique ecological communities and landscape features should be protected or 
enhanced during management activities. 
 Steep wooded valleys 
 Pine and Hemlock relicts 
 Headwaters of streams 
 Prairie remnants 
 Algific talus slopes and maderate cliffs 
 Oak savannas 

o Managers should consider promoting rare species rather than timber production as a 
first priority in these areas. 

 Operational Considerations 
o Timing of active vegetation management practices. Avoid critical nesting and 

fledging periods; fall to winter is preferred period to operate. Reduce frequency of 
operations (e.g. thin every 15 years rather than every ten years). 

o Limit road development. Logging roads should be closed and seeded after use. Try to 
maintain canopy cover over roads to the extent possible. 

o Known nesting sites should be avoided as some birds have high nesting site fidelity 
and are known to return to the same location year after year. 

Mississippi River viewed sin  from Grand Dad’s Bluff, La Crosse, Wiscon
Photo: David C. Wilson 
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Question 3: What Silvicultural Systems and Other Methods can be Used to Achieve  
                    Forest Interior Bird Habitat Goals? 
 
A silvicultural system is a planned program of treatments during the whole life of a stand 
designed to achieve specific stand structural objectives. This program of treatments integrates 
specific harvesting, regeneration, and stand tending methods to achieve a predictable yield of 
benefits from the stand over time.  
 

Within the Driftless Area, forests are diverse. Each forest cover type encompasses several distinct 
community types (overstory plus understory), occurs on a variety of site types, offers different 
opportunities for managing forest interior bird habitat, and is best managed by locally determined 
silvicultural systems and management tools. Forest management (active and passive) offers an 
opportunity to integrate stand composition and structure with forest interior bird management 
goals and objectives. Selection of a silvicultural system depends on the forest community that is 
desired as the outcome of management. Even-aged systems tend to favor shade intolerant species. 
Uneven-aged systems promote shade-tolerant species.  
 

Some landowners and resource managers choose to “let nature take its course” on some 
forestland. This passive management is not considered a silvicultural system since it does not 
involve manipulation of vegetation. Passively managed forests will continue to change and will 
be subjected to human impacts. However, these changes and impacts often will be different than 
in actively managed forests. Passive management does require monitoring, and certain events 
may necessitate the implementation of some short-term active practices. Examples include 
control of non-native invasive plants, fire management, and disease and insect management.  
 

The Wisconsin Department of Natural Resources Forestry Management Guidelines provides a 
useful summary of accepted silvicultural systems, and an overview of the forest types in which 
they are best implemented (Figure 5 and Table 1). 
 
 

 Figure 5: Silvicultural Systems Summary - Each silvicultural system and regeneration harvest method has 
    a number of variations that can be employed to tailor them to the specific species and sites involved. The  
    choices can be confusing, but hopefully this summary will help.
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Minnesota Department of Natural Resources also provides silvicultural information relevant to 
specific native plant communities through their website (http://www. dnr.state.mn.us/forestry/ 
ecs_silv/index.html). Visit http://www.dnr.state.mn.us/npc/index.html for more detailed 
information on the native plant community classification system used by Minnesota DNR. 
 

Table 1: Generally Accepted Regeneration Harvest Methods by Forest Cover Type  
     This table summarizes the regeneration harvest systems that are generally recognized as acceptable 
    and widely applied in Wisconsin. The designations are substantiated in forestry research literature and  
    further elaborated in the Wisconsin DNR Silviculture and Forest Aesthetics Handbook, 2431.5.  
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Question 4: What Harvest Size and Re-entry Schedule are Appropriate for the Site? 
 
Harvest size and re-entry schedule will be dictated by a variety of factors, including landowner 
objectives, landscape context, and a number of ecological factors. Stand rotations will vary 
depending on species composition and site characteristics affecting vigor. Rotations will vary 
across the landscape among stands and depending on regeneration and bird habitat goals.  

 
Regenerative Harvests in a Tier 3 Landscape: A shifting mosaic approach  
 
Temporary openings can, depending on size, and remaining vegetation, provide critical structural 
variety in the forest, benefiting some forest interior and interior opening dependent birds. The 
large landscape influencing Cerulean Warbler nesting (4,000ha = 9,884acres or 15.5square miles) 
provides ample opportunity for small-scale disturbances created by either natural or planned 
processes to regenerate over time. This process can create a variety of habitat stages across the 
landscape as the mosaic shifts over time.  
 
Because of the temporary nature of regenerative disturbance, even-aged harvests in the 2-20 acre 
range, appropriately distributed across the landscape, could achieve desired levels of forest 
regeneration while having mostly positive effects on habitat.  
 
While 20 acres has been suggested to approximate the 
upper size range of harvests typically completed in the 
Driftless Area, larger even-aged regenerative cuts may be 
acceptable in Tier 3 landscapes if several important criteria 
are met:  

Initial harvests should be 
focused on degraded stands 
to promote regeneration of 
higher quality forest. 

 
Regenerative Harvest Criteria 
 

1. Regenerative harvests should be planned with the habitat landscape in mind. 
a. How much connected habitat is there? 
b. Do nearby areas provide alternative habitat? 

2. A balance of age-classes should be promoted across the landscape. 
a. Regenerative harvests (e.g. even aged, resulting in >30% stand-level canopy 

removal) should be limited to no more than 20% of available habitat at any time. 
b. 20% of the forest should be retained at or near rotation age. 

i. This approach will allow populations of many priority bird species to 
follow available habitat in the local landscape as a shifting mosaic of 
regenerative harvests takes place over an extended period. 

3. Initial harvests should be focused on degraded stands to promote regeneration of higher 
quality forest. 

a. Initial harvests in some stands may need to be accelerated to catch up on 
regeneration needs and promote age-class diversity. 

4. Thinnings should not reduce landscape canopy closure below critical levels (~70%). 
a. Some species need average canopy closure of >85% (e.g. Cerulean Warbler). 
b. See example and illustration presented in Figure 6. 

5. Harvests should not create excessive gaps between adjacent stands on the landscape.  
6. Maintaining connectivity among large forested stands must be a primary planning 

objective.  
7. Woodlands exhibiting many of the FIB retention variables outlined above should be 

managed to preserve or enhance these qualities. 
8. Monitoring of effects on birds should be conducted to verify success of techniques and 

allow for adaptation as needed. 
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An example harvest schedule being implemented on some stands in the Lower Wisconsin State 
Riverway calls for eight entries over 120 years in which small gap (patch) selection management 
is completed. Gaps will be reassigned after rotation, allowing for very long rotation management 
in some portions of the stand. The size of openings created should be sufficient to regenerate 
approximately 80% of the stand over the rotation period.  
 
As an illustration, a more typical 10 acre even-aged cut would clear only ~1/1,000th of the 
landscape, while allowing oak regeneration on a site specific basis (Figure 6). Assuming 100% 
initial forest cover, ten such cuts would cause a temporary 1% reduction in landscape canopy 
cover. Distributed appropriately, these cuts (whether it is ten 10 acre cuts, twenty 5 acre cuts, or 
one 100 acre cut) could serve to create openings used for feeding and social behaviors by several 
kinds of forest interior birds, and provide transitional habitat important to others. Regenerative 
harvests of this nature could, potentially, increase oak dominated forest on this landscape.  
 
In a 4,000ha landscape, yearly entry with a regimen of this nature would result in a 98 year 
rotation to harvest/regenerate each acre of forest. However, leaving some areas to grow past 
economic maturity is desirable for bird habitat purposes. Therefore, either slightly smaller 
harvests, or slightly less frequent re-entry (on larger harvests) than calculated for 100% 
regeneration would yield satisfactory regeneration while minimally impacting available FIB 
habitat. Depending on the habitat requirements of particular forest interior bird species of 
concern, one option or the other may be preferred. It is suggested that a varied approach should 
be implemented across the landscape to encourage heterogeneity within the definition of forest 
interior habitat. This approach recognizes that some FIB species prefer larger openings within the 
forest, while others benefit from more frequent small openings, and complex vertical structure. 
 
In landscapes with less than 100% forest cover, this harvest regime will need to be modified to 
affect a smaller percentage of the total landscape during each entry. Since Tier 3 landscapes are 
defined by forest canopy covering >60% of the landscape, a minimum of ~5,900 acres on a 9,884 
acre landscape might be available for management. In this case, only about 60 acres, on average, 
of tree canopy should be removed from the landscape each year, assuming a 98 year rotation. On 
this lower end of Tier 3, reforestation efforts to close gaps in the canopy and promote forest 
connectivity would further improve habitat for forest interior birds and, over time, allow for 
larger annual harvests as forest area increases. 
 
Some authors (Harris, 1984) suggest that some portions of the landscape should be allowed to 
develop “old growth” characteristics over the course of several rotation periods. This approach 
maintains an un-harvested refuge embedded within a matrix of stands that are rotationally 
harvested over an extended rotation period. Although this approach may not fit with every 
landowner’s objectives, allowing some portions of the landscape to reach this level of maturity 

will allow time for mature forest 
to serve as habitat for species of 
greatest conservation need while 
other stands regenerate and reach 
maturity. Such an approach allows 
for economically favorable 
harvests, while promoting the 
dispersal and growth of microbes, 
fungi, native herbaceous plants, 
and other critical components of a 
mature forest from the refuge to 
regenerating stands. 

Lower Wisconsin State Riverway: Lone Rock, Wisconsin 
Photo: David C. Wilson 
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Summary of Landscape Specific Harvest Block Size Recommendations 
 

• Tier 3: Harvested stands provide needed early successional habitat and will, assuming proper 
silvicultural practices are followed, return to a forested condition within ~10 years. Aggressive 
oak management, requiring minimum cuts of 3-5acres, will benefit several birds of greatest 
conservation need. Any harvest block size is acceptable as long as land development, 
conversion to non-forest ecosystems, and even-aged rotations do not reduce forest canopy in the 
surrounding landscape below 60%. Harvests of ~8 acres near nesting sites do not seem to affect 
Red-shouldered Hawks, a highly area sensitive interior forest bird (Jon Stravers, personal 
communication). However, known nesting sites should be avoided as some birds have high 
nesting site fidelity and are known to return to the same location year after year. 

• Tier 2: Acceptable harvest size will be 40 acre (~16 hectares) or less for these intermediate 
landscapes. Larger harvest blocks may not be appropriate on Tier 2 landscapes, as insufficient 
forest cover would remain to support forest interior birds. Aggressive oak management will 
benefit some birds and increase mast to benefit an array of wildlife. Afforestation and pre-
emptive tree planting can be used to mitigate fragmentation effects caused by harvest. 

• Tier 1: Harvest size will be limited by stand size and landowner objectives. In this largely non-
forested landscape, management for extensive forest interior bird habitat is currently not a 
viable option. 

 
Harvest Frequency 
 

1.) Frequency of entry will be determined by landowner goals and management objectives, 
operability, harvest method, harvest intensity, economics, site productivity and growth, 
stand density, competition, bird habitat considerations, and a variety of other ecological 
factors. Harvest schedules should not be driven by economics alone. 

2.) Economy of scale and logistics may favor less frequent entry with larger harvests, while 
more frequent, smaller scale harvests may promote the structural diversity and small 
openings preferred by many forest interior bird species. 

3.) More frequent harvests may have a negative impact due to road maintenance, and the 
avenue maintained roads and skid trails provide for exotics, predators, and brood-
parasites. More frequent soil disturbance (roads, woods, etc.) favors many invasive plants 
and can negatively affect water quality. However, smaller scale overstory removal is 
generally better for forest interior birds, so a balance must be achieved between the 
frequency of necessary harvests and intermediate treatments, and the disturbance these 
activities present to species of 
greatest conservation need. 

4.) In general, logging roads that 
maintain canopy cover do not 
provide an avenue for cowbird 
parasitism. 

5.) Logging in fall or winter when 
ground is frozen reduces both 
soil disturbance, and 
disturbance to nesting birds. 

6.) Usual re-entry period for many 
treatments is 10 -20 years. 

 

Photo: David C. Wilson 
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Ecological Factors Influencing Re-entry Schedule and Practices 
 
Existing Plant Community  
The existing plant community can play an important role in deciding when to enter a site, and 
which management techniques should be employed. Rare habitats included within some stands 
may require special treatment to protect endangered plants or animals. Current canopy structure, 
species composition, age structure and other factors will also inform management decisions. 
 

Advance Regeneration 
High levels of advance regeneration can provide a quicker transition to the next successional 
stage in forest development after a harvest. Less effort will be required to establish the new stand, 
but TSI will still be required to favor more desirable trees and tree species. 
 

Slope and Aspect 
Slope and aspect play a significant role in determining the solar exposure, temperature, and 
moisture levels on many sites in the Driftless Area. These factors are critical drivers of site 
productivity, and will tilt the competitive advantage towards distinct forest types. 
 

Soil/Hydrology 
Soil and hydrology at any site will be major determinants of the favored climax forest type at that 
site. Soil is a major determinant of site productivity, and hydrology can determine which tree 
species will be able to survive, or thrive at various moisture levels.  
 

Site Productivity 
Highly productive sites with rich soil and adequate moisture may allow more frequent harvests, 
while producing large, super-canopy sized trees over the full rotation. Increased competitive 
controls (timber stand improvement, TSI) may be needed to favor desired tree species. Poor soils 
and droughty conditions will limit site productivity. Slower growth and dominance by drought 
tolerant species can be expected. Fire dependent oak savanna communities may be favored on 
well drained south and west facing slopes. 
 

Regeneration Goals 
Depending on regeneration goals, significant site preparation and follow-up management may be 
required. Regenerating oak can require specific actions to favor light dependent trees.  
 

Invasive Species 
“Invasive terrestrial plants have 
detrimental effects on untold acres of 
grasslands, forests, and non-forested 
native plant communities. Effects 
include loss of native plant 
communities, degradation of wildlife 
habitat, and loss of recreational use.” 

Invasive species present a unique problem 
for forest regeneration. These aggressive 
plants tend to out-compete native 
vegetation, including tree seedlings that 
are needed to regenerate the forest as 
older trees die, or are harvested. Plants 
like garlic mustard, buckthorn, and 
honeysuckle change the forest by 
dominating the under story and limiting 
the growth of plant and insect communities forming the base of the food-chain for the forest 
ecosystem. Without healthy populations of native plants, many songbirds are not able to find the 
resources they need to thrive, and the forest floor remains more susceptible to invasion by exotic 
species. Following best management practices, like making sure your loggers use clean 
equipment, and doing follow-up control of any infestations found before, and after the harvest can 
help to keep invasive species out of your woods. Once a forest has become infested, many years 
of repeat treatment are often needed to control the problem. Appendix F provides a more 
thorough overview of how to manage invasive species, and limit their impact on the forest. 
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Appendix A: Forest Interior Bird Guild  
 
This list is intended to serve as an illustration of the primary members of the forest interior bird 
guild known to nest in the Driftless Area of the Upper Mississippi River Basin. Additional forest 
interior species will be encountered from time to time. For example, some northern species are 
known to nest in very localized areas containing Hemlock relicts, or other disjunct northern forest 
types. 
                      Potential                 Status      Area  
Common Name          Scientific Name         Habitat                 (WI)      Sensitivity 
Acadian Flycatcher         Empidonax virescens         CH                  THR      Medium 
Cerulean Warbler          Dendroica cerulea          CH,BH,OW                  THR      High 
Hooded Warbler          Wilsonia citrina          CH                   THR      High 
Kentucky Warbler         Oporornis formosus          CH,BH                  THR      High 
Least Flycatcher          Empidonax minimus          NH,BH                  SC/M      High 
Louisiana Waterthrush         Seiurus motacilla          CH                   SC/M      Medium 
Prothonotary Warbler         Protonotaria citrea          BH                   SC/M      Medium 
Red-shouldered Hawk         Buteo lineatus          BH,NH, CH                  THR      High 
Whip-poor-will          Caprimulgus vociferus       OW,CH                  SC/M      Medium 
Wood Thrush          Hylocichla mustelina          CH,OW,NH,BH           SC/M      Medium 
Worm-eating Warbler         Helmitheros vermivorus     CH                   END      High 
Yellow-billed Cuckoo         Coccyzus americanus         BH,CH                  SC/M      Medium 
Yellow-crowned Night-Heron   Nyctanassa violacea           BH                  THR      High 
Yellow-throated Warbler         Dendroica dominica           BH,CH                  END      Medium 
Ovenbird          Seiurus aurocapilla          NH, CH, OW               None      High 
Veery           Catharus fuscescens          SC, AT, BH, NH, CH  SC/M      High 
Yellow-throated Vireo         Vireo flavifrons          OW, BH, CH               None      High 
 
Priority Woodland Associated Birds     
            Potential  Status Area  
Common Name  Scientific Name        Habitat  (WI) Sensitivity 
Black-billed Cuckoo Coccyzus erythropthalmus      OB, AT, F, SC SGCN Low 
Red-headed Woodpecker Melanerpes erythrocephalus    OW,OO,CH,F SC/M Low 
 
Status Key: END = Endangered, THR = Threatened, SC/M = Special Concern; Protected under Migratory  
  Bird Act     
Forest Habitat Key: BH = Bottomland Hardwood, NH = Northern Hardwood, CH = Central Hardwoods,  
  PR = Pine Relict, HR = Hemlock Relict, OW = Oak Woodland, OO = Oak Opening, OB = Oak  
  Barren, SC = Shrub Carr, AT = Alder Thicket  
 
Appendix B: Practices Addressing Area Sensitivity 
 

Low Area Sensitivity 
 
For species with low area sensitivity, 
shelterwood, selection, and clearcuts 
may be tolerated by these less area 
sensitive FIB’s. More frequent entry 
to promote a matrix of early 
successional habitat should be OK. 

Note: Additional information about specific habitat characteristics 
important to each species can be found in the Wisconsin All Bird Plan. 

 

 

High Area Sensitivity 
 
For highly area sensitive species, 
minimize fragmentation by performing 
clearcuts in blocks that do not isolate 
forest patches. Keep the edge/area ratio 
of forest patches as low as possible by 
performing fewer, but larger harvests. 
Single-tree and Group Selection may 
benefit some species of concern by 
increasing structural diversity locally. 
Maintaining large amounts of mature 
forest canopy should be a priority. Entry 
periods should be longer than average. 

 
 
 
 
 
 
 
 

 

Medium Area Sensitivity 
 
For moderately area sensitive species,
smaller, more frequent clearcuts in a 
mature forest matrix will be tolerated.
Larger harvests are OK too, but the 
structural diversity created by smaller 
harvests will benefit many of these 
birds. Forest fragmentation should be 
minimized.  
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Appendix C: Suggested Resources for Bird Monitoring 
 
A partial list of resources to help start the search for the professional services needed to document 
bird species assemblages present at a site of interest is included below. If these resources do not 
meet your needs, it may be necessary to hire a private consultant to complete a bird inventory: 
 
University Programs 
 
 * Iowa State University 
 * University of Wisconsin 
 * University of Minnesota 
  ~ http://www.nrri.umn.edu/mnbirds/ 
 
State Departments of Natural Resources 
 
 * Bureau of Wildlife Management 
 * Bureau of Endangered Resources 
 
Illinois 
 
-The Illinois Ornithological Society 
 * http://www.illinoisbirds.org/
 
Iowa 
 
-Multiple Species Inventory and Monitoring Manual (IA-DNR) 
 * http://www.iowadnr.com/wildlife/diversity/msim_manual.html
 
-Iowa Ornithologist’s Union 
 * http://www.iowabirds.org/
 
Minnesota 
 
-The Minnesota Ornithologist’s Union 

* http://moumn.org/ 
 
- Audubon Minnesota 
 * http://mn.audubon.org/index.html
 
Wisconsin 
 
-Wisconsin Bird Conservation Initiative (WI-DNR) 
 * http://www.wisconsinbirds.org/
 
-Wisconsin Society for Ornithology 
 * http://www.wsobirds.org/
 
National 
 
-Landbird Monitoring Network of the Americas: Member Organizations and Stations 
 * http://www.fs.fed.us/psw/topics/wildlife/birdmon/pif/mnstalst.shtml
 
-American Birding Association 
 * http://www.americanbirding.org/abalinks/linkspage3b.htm
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Appendix D: Landscape Context: DAI Arithmetic Model Parameters 
 
Landscape potential to support high quality forest interior habitat (P) is defined as: 
 

P = (α + β + ∆/5.56 + τ/27.8 + F*25) - χ 
 
Where: 
 
Landscape Size = 4,000 hectares (15.4 Square Miles) 
 
F = Raster Cell Is Forested 
 *Binary condition where: 

~ 1 = Forested and  
~ 0 = Not Forested 
 

α = Percent Forest (Valid Range = 0 -100) 
*Calculated from National Land Cover Dataset (2001) Forest Canopy  
 ~ Max = 82.796 

~ Min = 0 
 

β = Patch Cohesion Index – Forest Connectivity (Valid Range = 0 -100) 
*Calculated from NLCD – 1992 using FRAGSTATS 3.3 
 ~ Max = 99.9935 

~ Min = 7.6915 
 

∆ = Percent Slope (Transformed to a 0 -100 scale for Model) 
*Calculated from USGS 30 Meter Resolution DEM 
 ~ Max = 556.014 

~ Min = 0 
 

τ = Road Distance (Transformed to a 0 -100 scale for Model) 
*Distance in meters to nearest road calculated from TIGER Line data (2000) 
 ~ Max = 2780.095 

~ Min = 0 
 

χ = Percent Hostile Habitat (Valid Range = 0 -100) 
*Calculated from land use depicted in NLCD – 2001 

~ Max = 100  
~ Min = 3.345 
~ Hostile habitat is defined as land use that either directly harms forest  
   interior birds or breeds nest predators and brood parasites (See explanation    
   below). 
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      Table 2: Classification of Driftless Area Forested and Hostile Habitat:  

-Based on National Land Cover Dataset (2001), 30 Meter Resolution 
 

Value Description Habitat Type % Cover 
11 Open Water Neutral 1.866% 
21 Developed, Open Space Hostile 3.882% 
22 Developed, Low Intensity Hostile 1.579% 
23 Developed, Medium Intensity Hostile 0.298% 
24 Developed, High Intensity Hostile 0.087% 
31 Bare Rock/Sand/Clay Neutral 0.037% 
41 Deciduous Forest Forest 23.433% 
42 Evergreen Forest Forest 0.545% 
43 Mixed Forest Forest 0.141% 
52 Shrub/Scrub Neutral 0.533% 
71 Grasslands/Herbaceous Hostile 4.715% 
81 Pasture/Hay Hostile 17.507% 
82 Cultivated Crops Hostile 42.918% 
90 Woody Wetlands Forest 1.618% 
95 Emergent Herbaceous Wetlands Neutral 0.842% 

 Driftless Area Land Cover All 100.000% 
 
 

Figure 7: Geographic Information System Model (ArcGIS 9.2): 
          -“P” indicates Input/Output dataset selected by user. 
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Appendix E: Interior Forest Management Priorities by Township 
 

Selected townships and other county subdivisions are listed based on the landscape potential tier (P) that 
they fall in for interior forest habitat. Habitat connectivity is used as another measure to identify priority 
management areas. Patch cohesion index (PC) uses a scale from 0 – 100 to describe habitat connectivity 
based on patch size, shape, and proximity to other forest habitat.  In all cases, higher values indicate better 
potential for interior forest conditions.  Average values are listed in the table below, along with the 
standard deviation and range for the patch cohesion index within each county division. Some townships 
with relatively low average values have large ranges of connectivity, and do contain areas of high interior 
habitat value. Range and standard deviation values will aid interpretation of habitat potential and the 
development of management priorities.  Information on percent forest canopy (2001 National Land Cover 
Dataset) and change from 1992 are also provided to help interpret landscape potential and habitat trends 
on a township scale. 
 

STATE COUNTY NAME DIVISION P_AVG PC_AVG PC_STD PC_RANGE 

Percent 
Forest 
(2001) 

Change 
from 
1992 

IA Allamakee Center township 101.26 98.3037 1.7857 9.1759 47.64% 9.99% 
IA Allamakee Fairview township 156.39 99.5272 0.2502 1.8896 63.82% 5.36% 
IA Allamakee Franklin township 74.05 97.6501 2.1564 26.2075 34.43% 3.92% 
IA Allamakee FrenchCreek township 117.15 98.6891 0.7206 4.2273 53.72% 15.15% 
IA Allamakee Hanover township 129.29 98.9916 1.2356 6.2007 58.65% 12.24% 
IA Allamakee Iowa township 136.27 99.0606 0.4619 2.4846 45.99% -3.27% 
IA Allamakee Lafayette township 123.17 99.0040 0.7750 7.5073 47.14% 6.28% 
IA Allamakee Lansing township 138.91 98.9874 0.8638 6.1509 53.55% 9.79% 
IA Allamakee Linton township 110.10 98.8468 0.6966 3.5880 49.25% 8.71% 
IA Allamakee Paint Creek township 82.23 97.2175 2.7491 12.0649 40.99% 8.06% 
IA Allamakee Taylor township 129.27 98.8427 0.9290 8.6717 46.81% 2.74% 
IA Allamakee Union City township 114.98 98.7300 0.4598 3.3258 52.33% 13.47% 
IA Allamakee Waterloo township 104.93 98.6198 1.0187 6.1982 48.71% 13.28% 
IA Clayton Buena Vista township 132.08 99.2095 0.2472 1.1033 53.98% 6.01% 
IA Clayton Clayton township 124.75 98.1194 0.0090 0.0283 35.49% -5.00% 
IA Clayton Clayton township 119.90 99.1157 0.7705 22.9306 48.07% 3.71% 
IA Clayton Elk township 108.73 98.9986 0.5321 3.0806 48.71% 5.40% 
IA Clayton Farmersburg township 29.75 94.3678 7.8123 40.6336 4.64% -2.26% 
IA Clayton Garnavillo township 62.71 98.1957 4.3387 41.4759 27.64% 1.47% 
IA Clayton Jefferson township 97.29 98.5139 0.7314 7.9099 38.83% 4.28% 
IA Clayton Lodomillo township 67.21 97.8416 1.9268 20.6832 30.02% -0.18% 
IA Clayton Mallory township 97.38 98.6561 0.6423 5.7528 45.28% 5.42% 
IA Clayton Mendon township 142.26 99.3519 0.3291 1.4222 58.26% 5.82% 
IA Clayton Millville township 116.78 99.1476 0.4989 2.7026 50.87% 4.83% 
IA Clayton Sperry township 76.15 97.4452 0.8193 3.2776 35.22% -1.62% 
IA Clayton Volga township 91.11 98.2641 0.9117 5.0283 41.41% 7.86% 
IA Delaware Colony township 28.15 93.3016 8.6778 38.1089 14.95% -4.49% 
IA Dubuque Dubuque township 90.06 98.6805 1.6162 14.3386 44.88% 8.51% 
IA Dubuque Jefferson township 83.18 97.7884 2.7080 19.0019 36.25% 3.93% 
IA Dubuque Liberty township 25.29 96.0109 7.9992 57.5007 13.30% -0.06% 
IA Dubuque Mosalem township 126.45 98.9374 0.5755 4.4457 53.21% 3.45% 
IA Dubuque Peru township 100.95 98.1604 1.1379 6.4914 36.55% 3.87% 
IA Dubuque TableMound township 82.01 98.0366 1.9078 22.9488 39.16% 4.47% 
IA Fayette Illyria township 71.93 97.9901 1.4128 7.8633 34.28% 0.22% 
IA Fayette Westfield township 67.91 98.6275 2.3617 28.6654 29.88% -2.10% 
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STATE COUNTY NAME DIVISION P_AVG PC_AVG PC_STD PC_RANGE 

Percent 
Forest 
(2001) 

Change 
from 
1992 

IA Jackson Bellevue township 98.36 98.3925 1.0203 7.2086 42.33% 2.44% 

IA Jackson Brandon township 98.62 98.2235 1.0884 6.2289 44.50% 6.85% 

IA Jackson Iowa township 68.44 95.7713 6.9436 40.9316 27.66% 3.96% 

IA Jackson PrairieSprings township 88.66 98.3297 2.3454 24.7438 41.17% 0.68% 

IA Jackson 
Tete Des 
Morts township 111.34 98.6804 0.6240 4.5734 47.52% 3.17% 

IA Jackson Union township 101.93 97.1907 1.8181 8.7058 32.99% 2.43% 

IA Jackson Washington township 90.42 97.9043 1.2241 5.5690 36.59% 1.48% 

IA Jones Clay township 80.88 98.2306 1.1311 17.9522 35.63% 7.39% 

IA Jones Richland township 56.99 97.6645 4.1840 28.3362 26.68% 6.69% 

IA Jones Scotch Grove township 41.83 98.3478 4.4472 43.6234 22.10% 4.95% 

IA Winneshiek Glenwood township 88.30 98.4720 1.0183 19.9561 41.37% 6.38% 
 

STATE COUNTY NAME DIVISION P_AVG PC_AVG PC_STD PC_RANGE 

Percent 
Forest 
(2001) 

Change 
from 
1992 

IL Carroll Savanna township 89.62 98.4094 0.6461 4.3482 13.76% -21.48% 

IL Carroll Washington township 115.28 98.3801 1.5078 9.0811 41.24% -5.32% 

IL JoDaviess Dunleith township 95.41 97.9488 0.8190 4.0281 37.01% -1.06% 

IL JoDaviess EastGalena township 85.80 98.8046 0.5922 3.5909 32.90% -8.75% 

IL JoDaviess Guilford township 76.55 97.6370 1.6319 7.5988 29.81% -9.02% 

IL JoDaviess Hanover township 89.61 98.8212 1.0328 13.3107 31.14% -14.26% 

IL JoDaviess Menominee township 75.41 98.1501 1.8084 17.8449 25.70% -6.01% 

IL JoDaviess Rawlins township 63.93 98.6717 0.9657 7.1366 23.42% -7.14% 

IL JoDaviess Rice township 123.72 99.1036 0.5948 3.7190 44.33% -4.85% 

IL JoDaviess West Galena township 101.16 98.6987 0.3879 3.6406 35.64% -3.72% 
 

STATE COUNTY NAME DIVISION P_AVG PC_AVG PC_STD PC_RANGE 

Percent 
Forest 
(2001) 

Change 
from 
1992 

MN Dakota Ravenna township 104.36 98.1492 0.4658 2.2681 29.70% 3.34% 
MN Fillmore Arendahl township 82.12 98.7616 1.2002 21.3432 35.75% 4.26% 
MN Fillmore Carrolton township 92.95 97.5538 1.5684 8.6977 45.30% 16.15% 
MN Fillmore Fillmore township 49.62 98.2095 2.0659 31.0447 24.25% 8.15% 
MN Fillmore Forestville township 66.60 98.4347 1.9802 36.3044 30.69% 12.36% 
MN Fillmore Holt township 98.39 98.9155 1.0641 8.0810 45.33% 10.27% 
MN Fillmore Norway township 82.15 98.7475 0.6880 5.2745 36.44% 4.78% 
MN Fillmore Pilot Mound township 81.19 97.5265 2.1929 22.9359 36.61% 11.98% 
MN Fillmore Preble township 87.77 99.0981 0.8721 14.4141 38.40% 5.86% 
MN Fillmore RushfordVillage city 122.29 99.2294 0.3804 2.2979 50.99% 3.53% 
MN Goodhue Red Wing city 117.87 97.9057 1.2171 6.7450 42.27% 7.22% 
MN Goodhue Welch township 98.75 98.1948 1.1300 11.6123 32.71% 5.68% 
MN Houston BlackHammer township 99.19 99.0716 0.8781 8.6897 44.26% 7.47% 
MN Houston Brownsville township 144.51 99.0859 0.4016 4.2055 59.65% 10.82% 
MN Houston Caledonia township 59.49 98.1622 2.8797 17.0335 28.13% 6.39% 
MN Houston Crooked Creek township 151.32 99.3134 0.3521 1.9249 58.31% 7.76% 
MN Houston Hokah township 148.22 98.6416 0.7251 3.7413 51.75% 4.33% 
MN Houston Houston township 131.96 99.0043 0.6362 2.8519 55.94% 6.76% 
MN Houston Jefferson township 147.86 98.7649 0.4731 2.2509 49.52% 0.41% 
MN Houston La Crescent township 149.72 98.6390 0.9027 5.4540 58.15% 9.41% 
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STATE COUNTY NAME DIVISION P_AVG PC_AVG PC_STD PC_RANGE 

Percent 
Forest 
(2001) 

Change 
from 
1992 

MN Houston La Crescent city 120.61 97.4354 1.1446 4.0207 46.19% 4.17% 
MN Houston Mayville township 79.79 98.3747 1.0788 8.2305 35.94% 7.88% 
MN Houston Money Creek township 136.20 99.1964 0.3016 1.6549 57.49% 4.50% 
MN Houston Mound Prairie township 138.47 98.9439 0.4471 2.3182 59.29% 8.00% 
MN Houston Sheldon township 125.17 99.0386 0.5098 5.3355 53.94% 7.66% 
MN Houston Union township 123.49 99.1021 0.4974 5.7770 53.62% 9.86% 
MN Houston Winnebago township 107.50 98.9563 0.4011 5.7899 46.80% 7.87% 
MN Houston Yucatan township 140.47 99.2369 0.2492 1.6919 59.39% 4.97% 
MN Wabasha Glasgow township 118.28 98.7090 1.1465 5.9034 47.74% 6.67% 
MN Wabasha Greenfield township 108.10 98.1595 1.3824 8.5445 37.35% 0.54% 
MN Wabasha Lake township 78.92 97.5551 2.3715 35.4416 25.39% 5.93% 
MN Wabasha Minneiska township 134.66 97.9918 1.5018 5.8976 35.45% 0.53% 
MN Wabasha Pepin township 115.38 97.8567 0.6684 3.5453 38.05% 5.13% 
MN Wabasha Wabasha city 118.98 98.2220 0.6061 3.1033 43.92% 2.83% 
MN Wabasha Watopa township 131.97 98.9318 0.6248 4.1569 52.13% 7.49% 
MN Winona Dresbach township 152.15 99.1296 0.4432 2.4186 52.88% 4.02% 
MN Winona Elba city 144.69 99.5233 0.0884 0.3479 63.32% 8.81% 
MN Winona Elba township 106.80 99.0853 0.8780 15.1601 44.64% 7.37% 
MN Winona Fremont township 46.29 97.7265 4.6844 41.5673 20.79% 2.37% 
MN Winona Hart township 82.42 99.1685 0.7052 8.5738 33.17% 3.38% 
MN Winona Hillsdale township 116.19 99.4204 0.0351 0.1582 51.25% 3.92% 
MN Winona Hillsdale township 124.36 99.2276 0.2299 1.3934 52.15% 6.04% 
MN Winona Homer township 153.45 99.2269 0.3270 2.4124 61.00% 6.39% 
MN Winona Mount Vernon township 124.36 98.9583 0.9467 10.5745 47.28% 1.67% 
MN Winona New Hartford township 140.66 99.3457 0.3183 2.2205 59.04% 5.75% 
MN Winona Norton township 80.26 98.1144 2.2705 21.8191 32.97% 1.64% 
MN Winona Pleasant Hill township 117.33 99.1679 0.4121 2.8607 49.38% 5.95% 
MN Winona Richmond township 162.22 99.2510 0.3468 2.0296 60.86% 3.51% 
MN Winona Rollingstone township 150.10 99.0142 0.6208 3.0766 54.75% 0.54% 
MN Winona Warren township 73.60 99.2625 0.6172 16.2373 30.78% 3.87% 
MN Winona Whitewater township 140.15 99.4490 0.4388 4.4368 56.66% 3.36% 
MN Winona Wilson township 117.22 99.1650 0.5121 2.3824 49.73% 5.16% 
MN Winona Winona city 121.61 98.9931 0.7817 3.1434 45.38% 0.39% 
MN Winona Wiscoy township 126.07 99.0245 0.3114 2.3091 52.05% 6.52% 

STATE COUNTY NAME DIVISION P_AVG PC_AVG PC_STD PC_RANGE 

Percent 
Forest 
(2001) 

Change 
from 
1992 

WI Buffalo Alma city 138.45 99.2207 0.2991 1.9304 43.60% -4.90% 
WI Buffalo Alma town 150.48 99.3761 0.3531 2.0519 54.94% -1.01% 
WI Buffalo Belvidere town 123.53 99.0783 0.5099 4.5385 43.47% -5.38% 
WI Buffalo Buffalo town 132.54 99.2851 0.4762 2.9966 42.07% -9.06% 
WI Buffalo Canton town 112.62 98.7293 1.5854 8.0412 40.64% -2.49% 
WI Buffalo Cross town 134.79 99.2057 0.4034 2.2089 50.63% -6.50% 
WI Buffalo Fountain City city 141.97 99.0855 0.2287 1.5792 43.59% -6.56% 
WI Buffalo Gilmanton town 100.45 97.7258 1.6702 11.0257 36.48% 0.63% 
WI Buffalo Glencoe town 108.96 98.7092 0.9821 6.0262 39.11% -3.86% 
WI Buffalo Lincoln town 141.94 99.2489 0.3195 2.0142 53.15% -3.62% 
WI Buffalo Maxville town 135.16 99.0236 0.4409 3.0734 48.61% -0.75% 
WI Buffalo Milton town 140.66 99.3319 0.3476 1.6267 45.93% -9.40% 
WI Buffalo Modena town 130.58 99.0809 0.8977 4.8664 49.54% -1.59% 
WI Buffalo Mondovi town 81.32 97.7063 3.0504 19.9503 29.20% 0.68% 
WI Buffalo Montana town 121.27 99.0047 0.6511 4.2835 43.65% -6.05% 
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Change 
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WI Buffalo Nelson village 138.87 99.5038 0.1269 0.6480 48.95% -11.32% 
WI Buffalo Nelson town 157.34 99.3831 0.5217 3.4248 55.90% -4.47% 
WI Buffalo Waumandee town 125.16 99.1489 0.6513 4.4432 46.23% -6.62% 
WI Clark Mentor town 78.46 98.9914 1.5811 9.4853 53.88% 0.19% 
WI Columbia Caledonia town 95.62 97.9045 1.2447 6.9963 34.18% -1.47% 
WI Columbia Lodi town 76.65 97.2395 2.6483 10.8444 24.26% -0.45% 
WI Columbia Newport town 79.85 98.1384 1.0268 5.2055 27.66% -6.25% 
WI Crawford Bell Center village 142.89 99.3767 0.2057 0.7649 58.18% -3.48% 
WI Crawford Bridgeport town 127.68 99.1244 0.4239 2.9263 48.25% -6.28% 
WI Crawford Clayton town 133.73 99.4827 0.3335 2.8419 53.77% -3.08% 
WI Crawford Eastman town 133.69 99.4103 0.3711 2.5036 52.08% -3.82% 
WI Crawford Ferryville village 155.35 99.6516 0.1065 0.5515 45.93% -5.37% 
WI Crawford Freeman town 147.28 99.4639 0.4542 3.0788 53.43% -1.07% 
WI Crawford Gays Mills village 145.27 99.6083 0.1856 0.6166 59.52% -4.21% 
WI Crawford Haney town 139.38 99.3957 0.2858 1.5194 54.78% -4.34% 
WI Crawford Lynxville village 135.37 99.5050 0.0850 0.3965 40.60% -2.72% 
WI Crawford Marietta town 136.10 99.3497 0.3407 1.8343 51.02% -6.11% 

WI Crawford 
Prairie du 
Chien town 135.48 99.2163 0.5198 2.7579 51.22% -5.37% 

WI Crawford Scott town 133.27 99.4293 0.3038 1.5993 53.28% -4.43% 
WI Crawford Seneca town 126.56 99.0767 0.8235 3.7079 45.54% -1.30% 
WI Crawford Soldiers Grove village 123.11 99.3123 0.2518 1.0167 50.36% -5.90% 
WI Crawford Steuben village 145.30 99.6312 0.1446 0.7596 55.91% -5.21% 
WI Crawford Utica town 112.10 99.0491 0.5330 2.9533 45.41% -3.68% 
WI Crawford Wauzeka village 146.22 99.3027 0.1984 0.9724 56.53% -5.52% 
WI Crawford Wauzeka town 142.96 99.4413 0.2752 1.6215 55.09% -4.71% 
WI Dane Black Earth town 94.88 97.9536 1.1149 4.9721 34.76% -6.35% 
WI Dane Mazomanie town 80.96 97.7489 1.3587 11.1491 28.19% -2.97% 
WI Dane Roxbury town 72.34 96.3561 1.5436 7.0159 25.44% -1.53% 
WI Dane Vermont town 114.67 98.6120 0.7234 4.3013 43.89% -4.04% 
WI Dunn Lucas town 96.84 98.2246 1.1663 6.5737 41.32% 7.68% 
WI Dunn Weston town 96.45 97.7860 2.0307 15.0695 37.00% 4.55% 
WI EauClaire Bridge Creek town 71.10 96.7419 4.1369 18.0772 39.21% -2.15% 
WI EauClaire Fairchild town 130.94 99.6011 0.4303 4.2525 68.54% 3.02% 
WI EauClaire Lincoln town 41.77 95.4849 6.2755 23.2609 29.01% 1.58% 
WI EauClaire Washington town 62.43 95.5063 3.8853 22.9494 28.04% 3.89% 
WI Grant Bloomington town 48.73 97.9964 5.3908 62.1653 20.85% -1.83% 
WI Grant Boscobel town 122.55 99.0423 0.3012 1.2790 45.19% -12.55% 
WI Grant Cassville town 96.19 98.8828 0.7583 6.6791 34.58% -4.76% 
WI Grant Castle Rock town 125.86 99.0792 0.4134 2.9448 47.96% -2.91% 
WI Grant Glen Haven town 41.97 97.3543 4.2560 49.0393 15.66% -2.35% 
WI Grant Hickory Grove town 106.81 98.8795 0.8653 5.1727 40.23% -4.84% 
WI Grant Marion town 121.43 99.2067 0.5219 4.0035 45.10% -7.03% 
WI Grant Millville town 171.05 99.6506 0.2064 0.9575 66.54% -3.93% 
WI Grant Mount Hope town 78.05 98.0728 2.6898 22.5093 30.39% -3.28% 
WI Grant Muscoda town 126.04 99.0427 0.3933 2.1591 47.73% -6.76% 
WI Grant Patch Grove town 65.16 98.3491 4.5281 43.5793 27.27% 0.20% 
WI Grant Potosi town 75.40 98.2076 2.4144 18.9953 22.15% -3.69% 
WI Grant Waterloo town 98.06 99.0376 0.3525 6.1063 33.70% -7.35% 
WI Grant Watterstown town 140.82 99.4465 0.2787 1.5916 53.00% -6.86% 
WI Grant Woodman town 141.40 99.4269 0.2720 1.3670 54.79% -5.57% 
WI Grant Wyalusing town 129.69 99.3911 0.4135 2.5975 50.34% -3.14% 
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WI Iowa Arena town 116.69 98.9768 0.6424 3.7259 45.20% -6.52% 
WI Iowa Brigham town 76.80 97.3576 2.9541 16.0376 28.71% -2.99% 
WI Iowa Clyde town 129.35 99.2054 0.4152 1.6519 51.61% -1.97% 
WI Iowa Dodgeville town 79.66 97.9375 3.5986 36.4317 32.91% -0.12% 
WI Iowa Highland town 83.76 98.1947 1.2352 12.3808 33.25% -2.22% 
WI Iowa Pulaski town 124.36 99.2321 0.4309 2.1877 48.07% -5.05% 
WI Iowa Ridgeway town 84.10 97.5668 3.4654 14.6423 33.27% -2.05% 
WI Iowa Wyoming town 143.41 99.3480 0.3514 1.5935 57.18% -2.49% 
WI Jackson Adams town 137.61 99.2190 0.7089 5.3028 55.12% -2.93% 
WI Jackson Albion town 135.78 98.9994 1.1236 6.2854 54.15% 4.46% 
WI Jackson Alma town 100.36 99.4818 0.7620 9.8757 52.85% -3.78% 
WI Jackson Cleveland town 131.07 98.8483 1.3639 9.3572 54.95% 8.37% 
WI Jackson Curran town 113.52 98.9181 0.9944 5.7176 42.25% -0.93% 
WI Jackson Franklin town 149.82 99.6375 0.2390 3.3443 61.16% 0.11% 
WI Jackson Garfield town 125.15 98.7399 1.3834 11.8786 49.43% 2.20% 
WI Jackson Hixton town 90.45 98.1743 2.8844 15.8035 38.40% 0.25% 
WI Jackson Irving town 92.82 98.2851 2.0028 9.4386 40.32% 4.26% 
WI Jackson Manchester town 155.35 99.6108 0.2830 1.4680 59.22% -6.29% 
WI Jackson Melrose town 108.99 99.2782 0.9086 6.3906 47.62% 2.66% 
WI Jackson North Bend town 126.53 99.3925 0.3520 2.4773 51.11% 0.05% 
WI Jackson Springfield town 97.50 98.4877 1.6910 14.5852 39.79% -0.04% 
WI Juneau Fountain town 111.41 98.7869 0.5890 4.4841 39.29% -3.42% 
WI Juneau Kildare town 97.53 99.1752 0.5469 4.4431 38.14% -7.72% 
WI Juneau Lyndon town 119.90 99.4075 0.4827 2.2881 49.54% -8.79% 

WI Juneau 
Seven Mile 
Creek town 116.73 99.2608 0.4998 4.4853 45.07% -3.24% 

WI Juneau Summit town 87.39 98.2012 1.1115 6.0930 35.03% -1.35% 
WI La Crosse Bangor town 129.93 99.3842 0.5306 5.2292 50.14% -1.96% 
WI La Crosse Barre town 119.30 99.0549 0.6478 3.4627 46.34% -2.07% 
WI La Crosse Burns town 115.83 98.9739 1.0592 6.1874 45.42% 1.57% 
WI La Crosse Farmington town 134.55 99.3577 0.3939 2.3255 54.77% 0.12% 
WI La Crosse Greenfield town 130.86 99.1356 0.3729 2.1966 52.74% 3.68% 
WI La Crosse Hamilton town 117.33 99.0021 1.4514 11.6871 45.56% 0.81% 
WI La Crosse Holland town 124.35 99.3364 0.6628 6.5026 42.02% -7.89% 
WI La Crosse La Crosse city 78.19 97.3639 1.9175 8.8225 29.00% -4.80% 
WI La Crosse Medary town 116.05 99.0734 0.4214 2.0681 45.58% -4.43% 
WI La Crosse Medary town 131.52 99.3341 0.3993 2.0687 49.41% -5.24% 
WI La Crosse Onalaska town 117.24 98.7064 1.7962 9.7314 35.66% -7.91% 
WI La Crosse Shelby town 135.15 98.6544 1.2493 5.6691 46.07% -0.61% 
WI La Crosse Washington town 117.89 99.3150 0.3247 1.7667 45.69% -3.99% 
WI Monroe Adrian town 100.41 98.3198 1.6969 10.5125 38.46% -4.64% 
WI Monroe Angelo town 106.01 99.3637 0.4547 3.5723 40.56% -17.76% 
WI Monroe Clifton town 96.41 97.9455 0.9220 4.6244 35.37% -2.67% 
WI Monroe Grant town 161.30 99.7637 0.4636 5.7551 70.15% -5.10% 
WI Monroe Greenfield town 137.04 99.5558 0.4478 5.7184 53.63% -4.01% 
WI Monroe Jefferson town 89.64 98.9989 0.6328 8.1611 32.84% -7.24% 
WI Monroe Lafayette town 111.53 99.6492 0.1859 1.4106 45.10% -14.10% 
WI Monroe Leon town 116.50 99.2719 0.5254 2.8907 44.01% -3.60% 
WI Monroe Little Falls town 129.12 99.5321 0.3227 2.1083 53.97% -6.03% 
WI Monroe New Lyme town 151.20 99.8220 0.1547 1.3646 64.41% -11.58% 
WI Monroe Portland town 98.24 99.1339 0.6912 7.6594 36.93% -6.15% 
WI Monroe Sheldon town 103.43 98.6449 0.6245 3.6281 37.41% -8.35% 
WI Monroe Sparta town 102.55 99.0745 0.8876 6.2035 40.20% -1.19% 
WI Monroe Wellington town 97.35 98.8838 0.6515 3.5294 35.57% -7.57% 
WI Monroe Wells town 122.68 99.1159 0.5081 4.0584 45.36% -2.74% 
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WI Pepin Durand town 104.06 98.3002 1.0801 9.1156 35.25% -2.10% 
WI Pepin Frankfort town 119.35 97.0234 2.0228 11.5435 45.11% 11.35% 
WI Pepin Lima town 70.28 97.4366 2.8140 16.7493 25.30% -0.72% 
WI Pepin Pepin town 115.30 98.2388 1.2690 6.9786 38.75% 3.09% 
WI Pepin Stockholm town 100.73 97.6758 0.5718 4.1575 27.36% 9.25% 
WI Pierce Diamond Bluff town 108.94 97.9761 0.5903 2.7129 32.74% -1.00% 
WI Pierce Isabelle town 113.40 97.6857 0.6270 3.1275 29.85% 2.47% 
WI Pierce Maiden Rock town 89.03 97.9842 1.6459 9.8512 30.16% 6.69% 
WI Pierce Oak Grove town 53.34 96.2605 5.6138 36.5533 19.48% 0.22% 
WI Pierce Salem town 88.17 98.8055 0.9521 12.5008 33.45% 4.00% 
WI Pierce Spring Lake town 89.31 97.5529 1.7206 14.9900 34.52% 7.64% 
WI Richland Akan town 123.61 99.1510 0.4060 2.0721 49.16% -4.14% 
WI Richland Bloom town 99.20 98.6624 0.4802 3.6204 38.40% -3.18% 
WI Richland Buena Vista town 101.75 98.4851 0.5097 4.0070 38.73% -5.41% 
WI Richland Dayton town 122.25 98.6395 0.4238 1.9284 48.67% -2.36% 
WI Richland Eagle town 99.46 98.8059 0.7305 4.6519 36.62% -4.62% 
WI Richland Forest town 117.29 99.3882 0.3296 3.4605 45.60% -4.25% 
WI Richland Henrietta town 116.51 98.7285 0.5501 2.7625 46.72% -0.55% 
WI Richland Ithaca town 110.92 98.3127 0.5496 3.4692 44.40% -1.98% 
WI Richland Marshall town 118.21 98.7233 0.4304 3.0104 47.01% 0.81% 
WI Richland Orion town 128.63 99.0738 0.5706 4.4959 47.27% -3.08% 
WI Richland Richland town 107.36 98.6827 0.6262 4.6393 42.08% 0.13% 
WI Richland Richwood town 134.84 99.4405 0.3707 2.0386 52.11% -6.22% 
WI Richland Rockbridge town 106.92 98.3012 0.7430 3.8948 41.95% 2.37% 
WI Richland Sylvan town 110.78 99.0168 0.4662 2.4553 44.06% -2.57% 
WI Richland Westford town 81.82 97.4395 1.6534 6.1649 34.13% 0.05% 
WI Richland Willow town 114.51 98.5227 0.4675 2.3048 47.79% 2.82% 
WI Sauk Baraboo town 92.88 97.9661 1.9090 9.2137 38.12% -0.82% 
WI Sauk Bear Creek town 126.55 99.0899 0.5224 2.5750 50.63% -2.31% 
WI Sauk Dellona town 101.46 99.0588 1.2232 6.6310 40.79% -8.82% 
WI Sauk Delton town 93.40 98.4708 0.0300 0.1298 35.92% -4.66% 
WI Sauk Delton town 92.55 98.8344 0.9595 4.5267 37.59% -7.77% 
WI Sauk Excelsior town 78.05 97.8030 1.2106 6.1028 30.71% -6.74% 
WI Sauk Franklin town 99.90 98.3431 0.8868 4.8922 38.44% -3.12% 
WI Sauk Freedom town 120.50 99.1157 1.0971 5.5340 50.81% -0.75% 
WI Sauk Greenfield town 114.93 99.0769 1.1205 9.6370 46.22% 2.52% 
WI Sauk Honey Creek town 96.73 98.5115 1.3315 6.8137 37.77% -4.21% 
WI Sauk Ironton town 73.72 97.6322 1.7682 9.5426 29.37% -0.80% 
WI Sauk Merrimac town 103.91 98.0320 2.8863 23.2544 37.56% 4.46% 
WI Sauk Spring Green town 90.79 98.6603 0.7000 5.6950 34.88% -6.18% 
WI Sauk Sumpter town 103.34 99.2053 2.0300 31.1902 40.29% 0.00% 
WI Sauk Troy town 107.25 98.7958 0.9686 5.0509 38.84% -5.84% 
WI Sauk Winfield town 84.27 97.4591 1.9859 7.0878 32.37% -2.57% 
WI Trempealeau Arcadia town 102.11 97.5036 2.6185 18.2650 35.96% -1.26% 
WI Trempealeau Caledonia town 68.33 98.8091 2.6220 13.3548 22.60% -8.10% 
WI Trempealeau Chimney Rock town 115.20 98.3916 0.8908 6.8720 42.83% 3.70% 
WI Trempealeau Dodge town 107.78 98.6937 0.6887 2.7092 36.58% -9.81% 
WI Trempealeau Ettrick town 122.19 99.1976 0.6265 5.2739 46.76% -1.93% 
WI Trempealeau Gale town 117.53 98.9381 0.9978 7.1327 45.35% -2.44% 
WI Trempealeau Pigeon town 95.01 97.8254 2.3156 14.5529 34.01% 2.20% 
WI Trempealeau Preston town 102.24 97.6794 1.5682 8.5823 38.18% 0.87% 
WI Trempealeau Trempealeau town 83.06 98.0829 1.3304 13.6824 25.09% -6.08% 
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WI Vernon Bergen town 135.38 98.6350 1.0892 7.5101 36.53% -0.27% 
WI Vernon Christiana town 60.98 98.6252 1.6936 24.2627 22.99% -4.98% 
WI Vernon Clinton town 90.56 98.8994 0.6487 6.6558 33.40% -7.44% 
WI Vernon Coon town 106.04 99.2165 0.5252 6.5591 41.34% -4.65% 
WI Vernon De Soto village 160.38 99.2929 0.1067 0.4718 52.02% 2.30% 
WI Vernon Forest town 113.22 99.1839 0.6073 3.4950 42.42% -9.51% 
WI Vernon Franklin town 71.25 97.7983 1.9382 13.4614 29.09% -2.67% 
WI Vernon Genoa town 136.29 99.0728 0.5054 1.9620 50.05% -3.49% 
WI Vernon Greenwood town 81.19 97.8451 0.9252 6.8297 31.59% -3.84% 
WI Vernon Hamburg town 129.61 99.1933 0.2605 1.4448 52.52% -0.47% 
WI Vernon Harmony town 132.64 99.1722 0.2757 1.6229 55.44% 1.75% 
WI Vernon Jefferson town 77.03 98.7162 1.8551 25.6171 30.81% -3.64% 
WI Vernon Kickapoo town 128.27 99.4183 0.2714 2.2362 52.69% -2.46% 
WI Vernon Liberty town 134.02 99.3237 0.2649 1.0923 52.43% -4.07% 
WI Vernon Readstown village 130.95 99.4900 0.1509 0.5203 57.81% -1.27% 
WI Vernon Stark town 143.11 99.5928 0.2199 1.1825 54.02% -9.52% 
WI Vernon Sterling town 97.55 98.9194 1.0766 7.2524 40.89% -0.25% 
WI Vernon Union town 118.87 99.2949 0.4132 2.1637 44.60% -8.64% 
WI Vernon Viroqua town 58.60 98.0600 3.1356 26.1095 22.81% -5.17% 
WI Vernon Webster town 113.41 99.4114 0.3217 1.6607 42.88% -9.02% 
WI Vernon Wheatland town 144.67 99.3236 0.4618 2.1837 55.86% -3.09% 
WI Vernon Whitestown town 139.21 99.6957 0.2159 1.1454 53.13% -10.35% 

Appendix F: Invasive Species Check List & Best Management Practices 
 

“Invasive species control and 
management are over-arching 
needs in the Driftless Area.” 

Timber harvests can cause productive change or 
negative disturbance. Proper diligence and care are 
needed before and after a harvest to ensure the 
alterations resulting from management are beneficial and 
promote the intended successional change. Following 
best management practices, like making sure your loggers use clean equipment, and doing 
follow-up control of any infestations found before, and after the harvest can help to keep invasive 
species, like garlic mustard, out of your woods.  
 
An invasive species checklist adapted from the Baraboo Hills Comprehensive Forestry Plan 
(Wisconsin Healthy Forests Project, WDNR) can be followed to help reduce the risk presented by 
invasive species: 
 

 Learn to identify the most common/aggressive invasive species affecting woodlands in your area. 
ts.  Work with foresters, wildlife biologists, and ecologists to develop an understanding of threa

Monitor management units annually du ring the growing season to assess presence/extent of 

ntrol.  
ce 

 ment treatment selected.  If the non-native 
species present will respond vigorously, review alternative management treatments that may not 
stimulate growth of the invasive species to the same degree. 

infestations, and general forest health. 
 Clean boots and equipment before moving from infested stands to other areas. 
 Use aggressive control methods to limit the spread of high-risk invasives before they get out of co
 If control is not feasible, limit spread of the infestation by avoiding travel through or disturban

within affected areas.  
 Treat areas infested with high-risk invasives, like garlic mustard, prior to harvest, or consider 

excluding infested areas from the harvest.  
Understand the response of non-native species to the manage
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Some useful recommendations 
developed by the Minnesota DNR 
Invasive Species Unit and the 
Blufflands Landscape Team to address 
invasive species risks involved with 
forest management and with roads and 
trails are included below: 

“Invasive species have contributed to the 
population decline of 42 percent of 
threatened and endangered species in the 
U.S.” – The Nature Conservancy, 1996 

 
Forest Management: Some forestry practices, such as logging, site preparation and reforestation, 
tend to increase the spread of invasive plants by disturbing the soil surface, exposing the seed 
bank, creating large canopy openings, allowing seed to be moved around on equipment, or 
altering resource supply that encourages invasive species growth. 
 
Steps to Minimize Risk: 
 

• Site Evaluation 
o Survey site for existing populations of invasive species. Management practices 

can result in increase or spread of existing invasive species. Control measures 
should be taken to control existing populations on-site. 

o Survey surrounding area for invasive species. Management practices can alter 
resource regimes and result in the increase of invasive species populations that 
may exist in the seed bank. Management practices can also result in the spread of 
invasive species from neighboring sites through the management equipment. 

 

• Planning and Site Preparation 
o Design access routes away from high quality native plant communities. 
o Assign road classes and close roads as needed to minimize spread by equipment 

and ATV’s. 
o Choose harvest prescriptions that minimize the area disturbed. 
o Many invasive species require full sun for optimum growth, so logging cuts 

designed with a partial canopy remaining could help reduce competition from 
invasives on logged sites, especially in mesic hardwood forest systems.   

o Disturbed soils are more likely to host new invasive species so limiting the 
amount of site disturbance reduces the likelihood of invasive plant recruitment. 

o Site preparation such as rock raking and scalping should be minimized in high 
quality native plant communities. 

 

• Implementation 
o Measures should be taken to ensure that equipment (skidders, logging trucks, 

dozer, boots, etc.) doesn’t carry seed or plant parts into non-infested areas. 
o Herbicide treatments that eliminate the native, non-woody ground cover provide 

areas for invasive species to germinate. Use selective herbicides rather than broad 
spectrum ones for reforestation site prep and apply as band or spot treatment 
rather than broadcasting. 

o Rehab logging landings with native species and remove bark, slash and chips. 
Replace topsoil at site and monitor for invasive species populations. Control new 
invasive populations as soon as possible. 

o Use clean fill and mulch. Monitor fill and mulch for invasive species populations. 
o The use of fill and mulch can be minimized with the use of native species since 

they are adapted to the soil conditions. 
o The need for conscientious monitoring and follow-up control of invasive species 

cannot be overstressed.  
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Roads and Trails: Roads and trails provide corridors along which invasive species move. Seeds 
and plant parts can be attached to equipment such as mowers, graders, skidders, etc. 
 
Steps to Minimize Risk: 
 

• Segregate work activity in infested areas from that in unaffected areas. Work in infested 
areas, then clean equipment and work in unaffected areas. 

 

• Clean maintenance equipment of seeds and plant parts between uses. 
 

• Consider less frequent maintenance activity including roads and trails that lead from 
infested areas to unaffected areas and trails and roads in unaffected areas. Time work 
when seed is not present or try to control infestations before work is completed. 

 

• Minimize area that is maintained. Reduce area mowed so that natives can produce 
sufficient above ground biomass to compete with invasives.  

 

• Use native seed when re-vegetating roads, paths, and disturbed areas. Native species 
typically require less maintenance once established. 

 

• Remove wood-chip piles. Wood chip piles can provide a medium for invasive species 
growth and reduce native species growth. 

 

• Fill material should be clean. Examine fill material for invasive plants and seeds. 
 
 
Primary Forest Invasives in Driftless Area  
Photos and specific management information available at http://dnr.wi.gov/invasives/plants.htm.
 

 Buckthorn 
 Honeysuckle 
 Garlic Mustard 
 Multi-flora Rose 

 Japanese Barberry 
 Reed Canary Grass 
 Spotted knapweed (on dry sites) 

 
Invasive Species Control Methods: 
*Adapted from Wisconsin Manual of Control Recommendations for Ecologically Invasive Plants 
  Online Link: www.dnr.state.wi.us/invasives/publications/manual/manual_toc.htm 
 
Efforts to control and manage invasive species require patience, as often more than one season of 
control is necessary to achieve desired results. 
 

Methods designed to prevent or control invasive species are separated into four categories: 
cultural, biological, mechanical, and chemical. Determination of the most suitable control method 
will depend on several variables, including the species involved, the nature of the invasion, 
surrounding environmental conditions, and the management objectives for the area in question. In 
some instances, several control methods may be combined (e.g. cutting followed by a chemical 
application to inhibit resprouting). Thoughtful planning of management treatments on sites that 
are not heavily invested by invasive species can eliminate the need for costly and repeated control 
measures. Keep in mind that many of the non-native invasive species will respond positively to 
certain management practices. Review alternative management treatments, and select those that 
may elicit a lesser response from invasive species present on the site.   

If herbicides are used, care should be taken to prevent contact with non-target species. Herbicides 
should be applied by working away from areas already treated. By law, herbicide application must abide 
by label instructions.  
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Cultural Control 
 

Cultural control involves the modification of human behavior both within and around the natural 
area. Recreational and economic land uses that contribute to the introduction and proliferation of 
invasive species should be discouraged. A monitoring program should be implemented to identify 
species invasions before they become a significant problem. 
 
Biological Control 
 

Biological control uses a plant's natural phytophagous (plant-eating) enemies to control the 
species population. Highly host-specific predators must be used in order to reduce negative 
impact on non-target species. Biological control insects for leafy spurge (Euphorbia esula), purple 
loosestrife (Lythrum salicaria), and spotted knapweed (Centauria maculosa) have been released in 
the state on an experimental basis. Native weevils are helping control Eurasian water milfoil 
(Myriophyllum spicatum) in many lakes.  
 
Mechanical Control 
 

Mechanical methods include prescribed burning, mowing, cutting, girdling, and other methods 
that physically remove the target species. Control methods that imitate natural processes (such as 
prescribed burning in a fire-adapted community) are preferable to other tactics. Whatever the 
control method, it should be tailored to fit the environment, the targeted plant species, and the 
management goals for the community. Because disturbance provides fertile ground for invasive 
species, it should be minimized in the control strategy. 
 
Chemical Control 
 

Chemical use may be justified when invasive species are severely degrading the natural 
community, and when effective non-chemical control methods are not known or do not 
adequately curb invasive species populations. 
 
Appendix G: Helpful Websites and Publications 
 

WI DNR 
 Wisconsin Forestry Management Guidelines 

 http://www.dnr.state.wi.us/forestry/Publications/Guidelines/toc.htm 
 State of Wisconsin Department of Natural Resources Silvicultural Handbook 

 http://www.dnr.state.wi.us/forestry/Publications/Handbooks/24315/24315.pdf 
 Wisconsin State Wildlife Action Plan:  

 http://dnr.wi.gov/org/land/er/WWAP/ 
 Wisconsin Bird Conservation Initiative: Wisconsin All Bird Plan 

 http://www.wisconsinbirds.org/plan/ 
MN DNR

 Managing for Oak in the Driftless Area 
 Birds and Forests: A management and conservation guide 
 Planning for the Birds: Things to consider when managing your forests. 
 Minnesota State Wildlife Action Plan:  

 http://www.dnr.state.mn.us/cwcs/index.html 
IA DNR 

 Iowa State Wildlife Action Plan: 
 http://www.iowadnr.gov/wildlife/diversity/plan.html 

IL DNR 
 Illinois State Wildlife Action Plan: 

 http://dnr.state.il.us/orc/wildlifeResources/theplan/final/ 
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Appendix H: Glossary 
 
Ecological Terms (Adapted from the Society of American Foresters, 1994) 
 

Adaptive Management 
A type of forest land management in which, as an ongoing process, the monitoring of results of 
management decisions, in relation to sustaining ecosystem characteristics and changes in societal goals, is 
used to modify management approach. 
 

Biological Diversity 
The variety and abundance of life forms, processes, functions, and structures including the relative 
complexity of species, communities, gene pools, and ecosystems at spatial scales that range from local 
through regional to global (syn. Biodiversity). 
 

Ecological Approach 
A type of natural resource planning, management, or treatment that ensures consideration of the 
relationship between all organisms (including humans) and their environment. 
 

Ecological Classification  
A multifactor approach to categorizing and delineating, at different levels of resolution, areas of land and 
water having similar characteristic combinations of physical environment (such as topography, climate, 
geomorphic processes, geology, soil, and hydrology), biological communities (such as plants, animals, 
microorganisms, and/or potential natural communities), and human factors (such as social, economic, 
cultural, and infrastructure. 
 

Ecological Maturity (From RAC Forests Inquiry, 1992)  
Ecologically mature forests are stands of trees approaching the limit of their life span. These stands are 
often either not or only slowly increasing in biomass and they usually support a high diversity of plant 
growth forms as well as a high diversity of plant and animal species. 
 

Ecological Process 
A series of natural biological, physical, and social actions or events that link the growth and development 
of organisms (including humans) within their environments. 
 

Ecoregion 
A contiguous geographic area having similar macroclimate, possibly with several vegetation types, and 
used as an ecological basis for management or planning. 
 

Ecosystem 
A conceptual unit comprised of organisms interacting with each other and their environment having the 
major attributes of structure, function, complexity, interaction and interdependency, temporal change, and 
no inherent definition of spatial dimension. 
 

Ecosystem Management 
The use of an ecological approach to resource management at the landscape level that blends social, 
physical, economic, and biological processes to ensure the sustainability of healthy ecosystems while 
providing desired values, goods, and services. 
 

Forest Health 
A forest condition that has overall structure, function, and characteristics that enable it to be resilient to 
disturbance and to maintain normal rates of change commensurate with its stage of development. 
 

Fragmentation 
The process, through cutting or natural processes, of reducing the size and connectivity of stands that 
compose a forest or landscape. 
 

Habitat 
The place where an animal or plant naturally or normally lives and develops. 
 

Habitat Type 
An aggregation of units of land capable of producing similar plant communities at climax. 
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Landscape 
A viewed area of land of generally large size and commonly a mosaic of land forms and plant communities 
irrespective of ownership or other artificial boundaries. 
 

Old Growth 
Forest ecosystems distinguished by old trees and related structural features characteristic of later stages of 
stand and successional development. Some have large trees, snags, large down woody material, multiple 
tree canopy layers. 
 

Productivity 
A term describing the relative capacity of an area to sustain a supply of goods and/or services in the long 
run. 
 

Resiliency 
The capacity of an ecosystem to maintain or regain normal development following disturbance. 
 

Stewardship 
Caring for land and associated resources in a manner that enables their passing on to future generations in a 
healthy condition. 
 

Sustainability 
The capacity of forests, ranging from stands to ecoregions, to maintain their health, productivity, diversity, 
and overall integrity, in the long run, in the context of human activity and use. 
 

Watershed 
An area of land with a single drainage network. 
 

Platte River Watershed: Near Rewey, Wisconsin 
Photo: David C. Wilson 
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Forestry Terms (Adapted from various UW-Extension Publications) 
 
Acre  
A land area of 43,560 square feet or 4,047 square meters (Approximately 209' or 63m square).  
 

Aspect  
The compass direction towards which a slope faces. (The compass direction you would be looking toward 
if looking down-hill while standing on the site.  
 

Basal Area ( BA)  
(a) The cross-sectional area (in square feet) of a tree trunk at breast height ( 4 feet above the ground) For  
      example, the basal area of a tree 14 inches in diameter at breast height is approximately 1 square foot.  
(b) The sum of basal areas of the individual trees on a sample plot. For example, a well stocked northern  
      hardwood stand might contain 80 to 100 square feet of basal area per acre.  
 

Canopy  
The layer of tree crowns in a forest. Also called overstory.  
 

Clear-cut  
A harvesting and regeneration technique which removes all the trees (regardless of size) on an area in one 
operation.   Clear cutting is most used with species like aspen, jack pine and commonly with oak, which 
require full sunlight to reproduce and grow well.  Produces an even-aged forest.  
 

Climax Type Ecosystem   
The final stage of a plant community development in which species composition remains relatively stable.  
 

Competition  
The struggle between plants for available light, nutrients, moisture and growing space.  
(a) Crown. Competition above ground for light, heat, carbon dioxide and perhaps oxygen.  
(b) Root Competition for soil, water, nutrients, oxygen and perhaps space.  
 

Crop Tree  
A tree identified to be grown to maturity and for final harvest cut. Usually selected on the basis of its 
location relative to other trees and its quality.  
 

Crown  
The branches and foliage of a tree.  
 

Cull  
A tree or log of merchantable size rendered useless for almost all products because of shape, disease, insect 
infestation or injury.  
 

Cutting Cycle  
The planned time interval between major harvesting operations in the same stand, usually in uneven-aged 
stands.  For example, a cutting cycle of 10 years in a northern hardwood stand means a harvest  every 10 
years.  
 

DBH  
The tree diameter at breast height (4 feet above ground level).  
 

Diameter  
Tree diameter is usually measured 4 feet above ground (see DBH), or log diameter, usually measured 
inside the bark on the small end of the log.  
 

Even-aged Forest  
A forest of even-aged timber stands.  All trees within 10-20 years in age.  
 

Even-aged Forest Management  
Forest management with periodic harvest of all trees on part of the forest at one time, or in several cuttings 
over a period of time to produce stands containing trees all the same, or nearly the same age.  In Wisconsin, 
this type of management is commonly applied to conifers, aspen and oak. 
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Forest  
A plant community with trees and other woody plants dominating. 
 

Forest Management  
(a) Giving the forest proper care so it remains healthy and vigorous and provides the products and  
      amenities the landowner desires.  
(b) Technical Definition:  Applying technical forestry principles and practices and business techniques  
      (such as accounting, benefit-cost analysis, etc.) to forest activities.  
 

Forest Type  
A group of tree species which, because of their environmental requirements and tolerances commonly grow 
together.  
 

Forestry  
The science, art and practice of managing trees and forests and their associated resources for human 
benefit.  
 

Girdling  
Mechanical, insect or disease damage which completely encircles the tree trunk, severs the bark and 
cambium (active growing layer of cells), and usually penetrates the sapwood to kill the tree by preventing 
the conduction of nutrients.  
 

Habitat   
The local environment of a plant or animal.  
 

Harvest  
(a) In general use, removing all or portions of the trees on an area.  
(b) Technical Definition: Removing  trees on an area to 1) obtain income, 2) develop the environment  
      necessary to regenerate the forest, 3) to achieve some special objectives such as the development of  
      special wildlife habitat needs; contrast with intermediate cuttings.  
 

Hardwood  
A term describing broadleaf, usually deciduous, trees such as oak, maples, ash, elms, etc.  Not necessarily 
the hardness of the wood they contain.  
 

Intermediate Cut  
Removing immature trees from the forest sometime between establishment and major harvest to improve 
the quality or maintain the growth rate of the remaining forest stand. An intermediate cut may generate 
income (commercial cutting), or may cost the forest landowner more than income realized (a non-
commercial cutting).  
 

Mature Tree  
A tree that has reached the desired size or age for its intended use. Size or age will vary considerably 
depending on the species and intended use.  
 

Multiple Use  
Land management for more than one purpose, such as wood production, water, wildlife, recreation. forage, 
aesthetics and climate moderation.  
 

Non-Commercial Cutting  
A cutting which does not yield a net income, usually because the trees cut are too small, poor quality or not 
marketable. Usually performed to improve timber or wildlife value.  
 

Plantation  
An artificially reforested area established by planting or direct seeding. Contrast with a forest stand 
established naturally.  
 

Pruning  
Removing live or dead branches from standing trees. With forest trees, pruning is generally done along the 
trunk to remove the lower branches (which cause knots in the wood) to produce a higher quality wood 
(knot free).  
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Reforestation  
Reestablishing a forest on an area where forest vegetation has been removed. 
 

Release Cutting  
A cutting operation to release young trees (seedlings or saplings) from competition with other trees of the 
same size (a cleaning) or larger and overtopping trees (a liberation cut).  
 

Regeneration or Reproduction  
(a) Young trees which will grow to become the older trees in the future forest.  
(b) The process of forest replacement or renewal.  This may be done artificially by seeding or planting; or  
      naturally by sprouting or natural seeding.  
 

Rotation  
The number of years required to establish and grow trees to a specified size, product or condition of 
maturity.  
 

Sapling   
A small tree, usually between 2 and 5 inches DBH.  
 

Sawlog   
A log large enough to produce a sawn product-usually at least 10 to 12 inches in diameter at the small end.  
 

Second Growth   
Forests that originate naturally after removal of a previous, usually virgin stands. 
 

Seed-tree Harvest   
Removing all trees from the harvest area at one time except for a few selected trees left to provide seed to 
establish a new forest stand.  
 

Seedling  
(a) A tree, usually less than 2 inches in DBH, which has grown from a seed (in contrast to a sprout).  
(b) Nursery grown trees which have not been lifted and replanted in the nursery.  
 

Selection Harvest  
Harvesting of individual trees or small groups of trees at periodic intervals (usually 8- 1.5 years) based on 
their physical condition or degree of maturity. Produces an uneven-aged stand.  
 

Shrub  
A low-growing perennial plant with a woody stem and low branching habit.  
 

Silviculture   
The art, science and practice of establishing, tending and reproducing forest stands of desired 
characteristics based on knowledge of species characteristics and environmental requirements.  
 

Site  
(a) A tract of land with reasonably uniform soil and climatic factors.  
(b) An area evaluated as to its capacity to produce a particular forest or other vegetation based on the  
      combination of biological, climatic and soil factors.  
 

Site Index  
An expression of forest site quality based on the height of the dominate trees at a specified age (usually 50 
years).  
 

Slash  
Residue left on the ground after logging, pruning or other forest operations including treetops, branches or 
bark.  
 

Stand  
An aggregation of trees occupying a specific area and sufficiently uniform in composition (species), age 
arrangement and condition as to be distinguishable from the forest on adjoining areas.  
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Stand, Timber (types of)  
(a) Fully stocked.  A forest stand with all growing space effectively occupied but having ample room for  
      developing crop trees.  
(b) Mixed.  A stand having less than 80 percent of the trees in the main crown canopy of a single species.  
(c) Old field.  A stand on land once used for agricultural crops or for pasture.  
(d) Overstocked. Overcrowding in a stand leading to retarded growth.  
(e) Pole-timber. A stand with most trees between 5” and 9” (softwood) or 11” (hardwood) DBH.  
(f) Pure.  A stand with at least 80 percent of the trees in the main crown canopy of a single species.  
(g) Residual.  The stand remaining after any type of cutting.  
(h) Sawtimber.  A stand with most trees large enough in diameter (usually 10 to 12 inches DBH or larger)  
      to be sawn into lumber.  
(i) Understocked.  A stand with the growing space not effectively occupied by trees intended for harvest.  
 

Stocking  
The number of trees in a forest stand. Often, stocking level is compared to the desirable number of trees for 
best growth and management, such as partially-stocked, well-stocked or over-stocked.  
 

Succession   
The replacement of one plant community by another until ecological stability is achieved.  
 

TSI (Timber Stand Improvement)  
Improving the growth and or species makeup by removing the less desirable trees, vines and, occasionally, 
large shrubs.  
 

Thinning  
Generally, a cutting in an immature forest stand to reduce tree density and concentrate the growth potential 
on fewer, higher quality trees resulting in larger trees that maintain a good growth rate.  
(a) Commercial. A thinning that pays for itself and then provides a profit for the owner.  
(b) Natural. A natural process whereby a tree's branches or the trees themselves die as a result of root and  
      or crown competition.  
(c) Row. A plantation thinning with specified rows removed regardless of size.  
(d) Selection. A thinning with individual trees selected for removal.  
 

Tolerance  
A tree's capacity to develop and grow in the shade of, and in competition with, other trees.  
 

Uneven-aged Forest  
A forest with many ages of trees present (technically, more than 2 age classes) and considerable differences 
in the ages. Contrast with an "even-aged "forest.  
 

Uneven-aged Forest Management  
Managing a forest by periodically removing some trees from an uneven-aged stand while preserving its 
natural appearance. In Wisconsin, this type of management is common in northern hardwood forests. See 
selection harvest.  
 

Understory  
A second layer of tree crowns below the main canopy or overstory.  
 

Wolf Tree  
A tree occupying more space in the forest than its economic value justifies. Usually older, larger or more 
branchy than other trees in the stand.  
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Driftless Area Initiative 
 
The Driftless Area Initiative (DAI) works to develop strong regional partnerships and implement 
projects of regional significance in support of natural resource conservation, sustainable rural 
economic development, and strengthened community identity and vitality. These partnerships help 
the DAI to promote inter-disciplinary understanding of issues, and integrated, system-based 
approaches for achieving goals through existing organizations. Strategies are aimed at building the 
capacity of partner organizations and individuals through funding acquisition, and increased 
regional/national visibility and support for Driftless Area resource issues. 
 

Our mission is: “To unite organizations and individuals within the Driftless Area of the Upper 
Mississippi River Basin for collaborative action to enhance and restore this region’s ecology, 
economy, and cultural resources in a balanced, integrated fashion.”  
 

This mission is supported by a wide variety of collaborative projects and partnerships led through six 
private, non-profit Resource Conservation & Development Councils operating in the four-state area. 
DAI serves as a catalyst that stimulates productive leadership on projects and issues with cross-
boundary implications. Efforts of the DAI are vital to improving and maintaining the quality of life 
enjoyed by Driftless Area residents. 
 

Driftless Area of the Upper Mississippi River Basin 
 

The Driftless Area, sometimes referred to as the Paleozoic Plateau, is a unique 24,000 square mile 
region of the Upper Mississippi River Basin. The landscape was by-passed by the last continental 
glacier and has a steep, rugged topography. The absence of recent glacial disturbance and associated 
glacial drift deposits lends the region its name and contributes to its unique character. The terrain is 
underlain by soluble bedrock, such as limestone, and karst features (depressions in the ground, 
sinkholes, caves, and underground drainage) are common.  
 

The land, soils and ecosystems are diverse, and the Driftless Area is home to hundreds of state and 
federally threatened and endangered animal and plant species. The rugged hills and steep topography 
drain to priority streams and rivers, before emptying into the Upper Mississippi River. Many of the 
high quality rivers and cold water trout streams are recognized on state and national levels for their 
economic and environmental importance. The landscape is rich with ecological and economic 
opportunities. Although this region has a high ecological value and restoration potential, it is also a 
significant source of pollutants to the Lower Mississippi River and the Northern Gulf of Mexico. 
 

Fragmentation of the Driftless Area among four states has complicated efforts to reverse negative 
land use trends, with serious consequences for water quality in the Mississippi River and its 
tributaries. Since European settlement, the loss of millions of acres of timber and grassland has 
changed the hydrology of the area and increased soil erosion potential on steep hillsides. Less than 
1% of native grasslands remain, and land that was converted in the 1800’s from timber, to hay and 
pasture for dairy and meat production, is rapidly being replaced with annually tilled crops such as 
corn and soybeans. These trends have resulted in significant increases in soil erosion, sedimentation, 
and run-off. An estimated ninety percent of the nitrogen lost from this area is delivered to the 
Northern Gulf of Mexico where it contributes to the problem of hypoxia (low dissolved oxygen and 
related impairments of aquatic life).
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The Driftless Area Initiative unites organizations and individuals within the Driftless Area of the 
Upper Mississippi River Basin for collaborative action to enhance and restore this region’s ecology, 

economy, and cultural resources in a balanced, integrated fashion. 
 
 

 

 (608) 723 – 6377 ext.136 
swbadger@mhtc.net 
 (507) 281-1959 ext.4 
ffery.Koster@mn.usda.gov 
(715) 834-9672 
rdy@sbwireless.com 
(563) 652-5104 
antons@netins.net 
(815) 625-3854 
dmoen@aeroinc.net 
 
 
 
 

David C. Wilson 
Area Initiative Coordinator 
08) 723-6377 ext.135 
vid.Wilson@rcdnet.net 
Contact: 
Forestry Team Leader  
Wisconsin DNR 
1500 North Johns St.  
Dodgeville, WI  53533  
608-935-1939 
 Wisconsin Department of Natural Resources
Publication # PUB-FR-421-2008
 Supporting Stewardship in the Driftless Area of the
Upper Mississippi River Basin 
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