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Abstract
As we continue to debate the effects, solutions, and long term consequences of
our actions one thing remains certain; environmental degradation is a direct result of
human actions. Here in Central Wisconsin grassland habitat has been on the decline for
the past 50 years, primarily due to anthropogenic driven land use changes.
Consequently upland species, in particular the Greater-Prairie Chicken (Tympanuchus
cupido pinnatus), have been negatively affected. Tremendous strides have been made in
merging social science to understand the role of society in environmental degradation.
However, as change remains a constant there will likely never be a single solution. As a
result, there is a demand for a strategic planning approach which incorporates both the
geospatial and social sciences necessary to resolve the multidimensional problem
occurring in this landscape. The overall objective of these studies was to understand the
role of the Central Wisconsin farmer in strategic conservation planning to preserve the
Greater Prairie-Chicken.
To better understand the geospatial component of the strategic conservation
planning paradigm two separate, but related, geospatial analyses were employed using
ArcGIS (v.10.2) and previously published methods to complete two objectives. The first
objective sought to identify and quantify Central Wisconsin’s land use changes with
regard to grassland habitat conversion from 1992-2010. The second objective sought to
quantify Central Wisconsin’s remaining core grassland. Results for objective 1 indicate
an 18 year negative trend. Central Wisconsin has seen an 18.37% (229,797 acres) loss in
grassland habitat due to land use changes. Furthermore, within the Central Wisconsin
iii

Grassland Conservation Area (CWGCA), 15.07% (49,690 acres) have been lost. Results
for objective 2 indicate that there remains 1.02 million acres of fragmented grassland
habitat. However, of this total only 5.13% (52,323 acres) were considered core patches.
The results of this study locate priority areas for allocation of limited resources.
To better understand the human dimension component of the strategic
conservation planning paradigm a five wave mail survey was sent to 312 individual
private landowners (N=312) to complete two objectives. The first objective sought to
develop a typology of Central Wisconsin farmers based on collective belief systems
toward collaborative conservation approaches. The second objective explored
differences and similarities that exist between farmer groups. A response rate of 35.8%
was attained; yielding 112 (n=112) completed and returned surveys. The inverted-R
analysis employed exposed three different collective belief systems towards various
collaborative approaches (group 1 n=47, group 2 n=15, and group 3 n=7). Respondents
were grouped accordingly and 15 independent sample t-tests were used to investigate
where group mean responses statistically differed to preferred collaborating partners,
preferred collaborating models, and importance of continued Greater Prairie Chicken
and grassland habitat management. No statistical difference was identified between
groups with regard to preferred collaborative models, or importance of continued
Greater Prairie-Chicken and grassland habitat. However, statistical significance was
identified with regard to preferred collaborating partners. Results indicate that multiple
farmer typologies exist in the Central Wisconsin landscape. Each farmer typology has
preferred methods of involvement in the planning process.
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Chapter 1: INTRODUCTION, REVIEW OF CURRENT LITERATURE, AND
RESEARCH PROJECTS
Introduction
Over the last century there have been incredible strides to progress
environmental management and conservation strategies. From the pre 1900’s when
exploitation of abundant and seemingly unlimited resources was the norm, to the early
1900’s with the introduction of environmental custodial mentality, to the environmental
era from the 1940’s through the 1980’s, to the 1990’s when major timber production in
the Northwestern United States was halted to preserve the habitat of endangered
species and the birth of ecosystem management, giant steps in understanding, science,
and policy have been made. Heroes of the conservation world such as: Henry David
Thoreau, John Muir, Frederick Law Olmsted, George Perkins Marsh, Rachel Carlson, and
of course Aldo Leopold have helped shape our awareness of the effects humans have
had on the natural world (Ndubisi, 2002). With change remaining the only constant,
there remains no single solution to the conservation challenges we face today.
However, as we continue to debate the effects, solutions, and long term consequences
of our actions one thing remains certain; environmental degradation is a direct result of
human actions (McGranahan et al., 2015). As a result of this, emerging social science
aims to understand the role of society in environmental degradation.
One area where socio-ecological science and research is taking place is the agroenvironmental interface of the Midwest. Agricultural land uses make up approximately
48% of the lower 48 states land area (USDA NASS, 2014). In Wisconsin, agricultural land
1

uses make up approximately 30% of the total area (USDA NASS, 2014). Because of this
increased pressure degradation of natural habitat is occurring at large scales faster than
theory, science, and policy can be tested and implemented. The need for collaboration
between conservation organizations and agricultural producers is as high as it has ever
been due to increased demand to produce the foods and materials we have come to
depend on. Promoting public participation, specifically agricultural producers, offers
new and creative solutions to help simplify otherwise inherently complex decision
making processes. Furthermore, it increases likelihood of successful implementation of
plans and policy. This is because stakeholders have had the opportunity to share their
preferences towards proposed actions likely to affect them. The following review of
literature provides a synthesis of both the ecological information relevant to the Central
Wisconsin landscape as well as the social information necessary to begin investigation of
the strategic conservation planning paradigm.
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Landscape Ecology: Ecological and Social
Landscape ecology is the study of the relationship that exists between an
organism and its physical environment. This relationship can be looked at from multiple
angles, however literature indicates that this relationship is looked at from a spatial
foundation of ecosystem patterns, processes, and dynamics (Turner, 2005; Grumbine et
al.,1994; Cissel et al., 1999). Landscape, in its most simplistic form, can be considered a
scale. Nothing more than a metric applied to an area of interest to explain physical
dimensions in space and time (Hobbs, 2003). However, the term landscape tends to also
consider other factors, making it often more complex than just a scale. Landscapes also
incorporate multiple land use interactions, socio-economic factors, patterns and
processes of multiple scales, and relationships within and among multiple communities.
Perhaps, a more practical description is landscape as a system that incorporates
multiple ecological relationships (Zonneveld, 1989).
The Greater Prairie-Chicken in Central Wisconsin
The Greater Prairie-Chicken (Tympanuchus cupido pinnatus; hereafter, GPC) is a
native grouse species to North America (WDNR, 2011; Svedarskey et al., 2003;
Hamerstrom et al., 1957). Prior to European settlement the GPC was native only to the
prairies in the Southern half of Wisconsin (Topfer, 2006; Svedarsky et al., 2000).
However, introduction of large open spaces due to increased agriculture and timber
production allowed for migration of the GPC northward into the temporarily open lands
of Central Wisconsin (Johnsgard, 1963; Schorger, 1944). Like other grassland obligates
they have seen drastic shifts in habitat range over the last 100 years. Expansion,
3

contraction, and more contraction is a common theme within the once vast and stable
grassland ecosystem. Consequently, a once thriving species is now at severe risk of
falling below a recoverable threshold (Svedarsky et al., 2000).
The GPC is an area-sensitive species who require both tall and short grass cover
types for breeding, nesting and shelter (WDNR, 2011; Svedarsk et al., 2000; Evans,
1968). In the 1950’s Fredrick and Francis Hamerstoms’ research suggested that the
impacts of habitat fragmentation from various land uses were negatively affecting the
Greater Prairie Chickens (Hamerstrom et al., 1957). They have little tolerance for
human presence and subsequently habitat loss, fragmentation and intensified land use.
The mosaic of a landscape has been noted to influence GPC survival. Factors include:
size, shape, juxtaposition and composition of cover types (Hamerstrom et al., 1957,
Merrill et al., 1999). Unfortunately there is no known minimum area to support a
healthy breeding GPC population (Neimuth, 2000). There have been suggestions of
minimum requirements ranging from 2,000 to as much as 20,000 acres of contiguous
grassland cover by Connelly et al. (2004). Other populations around the United States
consistently have more contiguous, larger tracts of grassland habitat, than currently
present here in Central Wisconsin (Neimuth, 2011).
Effects of Habitat Loss and Fragmentation
Fragmentation can be defined as a process of breaking up contiguous,
homogenously covered areas into smaller areas of different cover (Saunders et al.,
1991) Fragmentation of landscapes is a common denominator to loss of habitat quantity
and quality. Multiple studies focusing on the Central Wisconsin Greater Prairie Chicken
4

population mention forest encroachment as a fragmenting feature to this upland
habitat (Toepfer, 2006; Neimuth, 2003; Neimuth, 2000; Hamerstrom et al., 1957).
These studies also mention anthropogenic land uses such as urban sprawl and
agriculture as other common forms of fragmentation.
The matrix is created as a result of fragmentation. It is imperative to understand
the matrix as it relates to an area and specie of interest. According to Driscoll et al.
(2013), the matrix can be defined as “…an extensive landcover with different types of
land cover embedded within it.” These embedded areas are often referred to as patches
and have different vegetation than the matrix or dominant land use. These patches
often provide habitat for species that cannot otherwise survive in that matrix (Driscoll et
al., 2013). In 1967 MacArthur and Wilson coined the idea of “island biogeography”
(MacArthur, 1967) which implies these patches are like islands. However, Wiens (1996)
suggests this is an incorrect ideology as the edges of these patches are gradients not
hard boundaries. Moreover, the matrix can be beneficial to a species dependent on the
patches. For example, agricultural land uses in Central Wisconsin provide a year round
food source, a variety of habitat types for different life stages, and corridors that
promote population dispersal (Hamerstom et al., 1957).
The effects of fragmentation should be considered separately from the effects of
habitat loss (Fahrig, 2003). Habitat loss is the reduction of habitat quantity in a given
area and has consistently negative effects on biodiversity (Fahrig, 2003). Fragmentation,
on the other hand, does not always have negative effects (Fahrig, 2003). However,
breaking up contiguous grassland habitat has negative side effects on GPC habitat
5

quality given their sensitivity to landscape composition. The effects of fragmentation go
beyond simply splintering otherwise contiguous cover. Edge distance, distance to
patches, patch size and permeability of the matrix are all affected due to landscape
fragmentation. The process of fragmentation increases the number of patches while
decreasing the size of patches. This leads to an increase in both patch isolation and the
amount of edge habitat that exists between a patch and its associated matrix. This
increased amount of edge promotes predation from mammals and perching raptors
thus degrading the habitat otherwise used for protection (Svedarskey et al., 2003).
While the matrix can be advantageous it can also be a hindrance to genetic dispersal of
a species. Two fundamentally similar populations that occupy different patches may be
completely isolated regardless of physical proximity to one another (Wiens, 1996). If the
matrix does not promote movement between the two patches the two populations
remain genetically isolated from one another. Consequently, they can be considered
two completely separate populations. This leads to a decrease in genetic variability
within the populations. Isolation of populations decreases genetic diversity leading to a
greater chance of extinction due to a lack of adaptive capability from the individual
populations (Bush et al., 2011). It is important to consider proximity, configuration,
location, and corridor connectivity between these patches to better promote genetic
exchange between populations (Niemuth, 2011). This is known as landscape
permeability and can be reduced with severe fragmentation and a matrix that does not
support specific species.
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Closing the Gap
Effective conservation in today’s world must consider multiple variables. Some
of which include limited resources such as: personnel, funding and time, and the need
to work with a wide array of stakeholders. In order to overcome these challenges
conservation organizations must continue to look for new and creative solutions to
increase efficacy.
Strategic Conservation Planning
A relatively new method for facing these challenges and accomplishing this task
is strategic conservation planning. Strategic conservation planning actively seeks to
maintain direction of conservation efforts through prioritization of goals and objectives,
align actions to accomplish those goals and objectives, simplifies solutions to work
within the constraints of limited resources and increase efficacy and remain transparent
through defensible actions for continued public support (Berger et al., 2010). Strategic
conservation planning is a process that is not statistic in time and it is constantly
evolving as new methods and technologies are developed. Pressey et al., (2007) define
it as a collection of techniques employed to identify opportunities and locations which
promote and preserve biodiversity and other natural values. To that end, strategic
conservation planning involves two fundamental components: (1) spatial understanding
of the area and (2) understanding the role of humans in the equation (Pressey et al.,
2007; Berger et al., 2010).
The spatial component while inherently complex can be simplified to the
question: Where are the most important areas to implement conservation practices?
7

The answer to this question varies depending on an organization’s mission and goals
(Berger et al., 2010). However, because the strategic conservation planning process is
about precision and conciseness it is important to consider scale with the spatial
component. As defined earlier, scale is simply a way to explain physical dimensions of an
area in space and time (Hobbs, 2003). According to Hobbs (2003), due to a lack of
technology and dependence on strict rigorous statistical tests ecologists historically
were only able to measure a small part of the world. As a result, implementation of
scientific findings lacked due to research being conducted at too fine of resolution. With
advancements and availability of modern technology conducting research at large
spatial scales has become more common. As such planning and implementation has
followed suit. For example, the United States Fish and Wildlife Service, National
Ecological Assessment Team (2006) stated while site specific conservation is necessary it
is also necessary to focus at multiple scales and understand the effects of site-specific
results on other parts of the system. Scaling up to the landscape level allows research to
look at cumulative effects across an entire system. This type of landscape level research
has been conducted in and around the CWGCA by Merrill et al., (1999), Neimuth (2000),
Niemuth (2003), Toepfer, (2006), and Sharp & Thompson (2013). It is important to set
the goals and objectives at broad scales such as the ecoregion, regional, or landscape
level. However, it is also important to focus and ground objectives at smaller scales such
as the section, township, or parcel level. These smaller scale units, by which to ground
objectives, can be referred to as decision making units within a strategic conservation
plan. These decision making units allow resource managers to dissect inherently
8

complex, large scale issues, to prioritize the landscape. This will ultimately increase
efficacy and success of implemented practices (Amundson, 2011).
When developing various strategies it is imperative to consider the ecological
side of strategic conservation planning by assessing components of both habitats and
species to prioritize landscape attributes. However, because conservation is as much
about human values as it is the ecological integrity of an area it is critical to involve the
human values of stakeholders (Campbell & Marshall, 2000). Grumbine (1994) points out
that humans are imbedded in nature and play a fundamental role in influencing
ecological patterns and processes. As a result of this, the planning process should
involve local stakeholders’ opinions and attitudes.
When investigating various methods of stakeholder involvement it is important
to consider Arnstein’s (1969) ladder of participation, which conveys varying levels of
public participation in the resource planning process. The levels of involvement vary
from nonparticipation (low) to citizen power (high) with varying degrees of involvement
within more aggregate categories. Methods of resource management where
government officials, scientists, and experts regulate landowners and other
stakeholders by providing answers without first consulting stakeholders results in
stakeholder distancing themselves from goals and objectives (Margerum & Whitall,
2004). This represents a top down approach to resource management. Not involving
stakeholders in the planning process has been relatively unsuccessful and has driven a
demand for a shift to a more bottom up approach, which promotes high levels of public
participation. This technique is not a specific process and requires continuous
9

modification and assessment, but provides more locally tailored solutions to conflicts
and provides stakeholders the ability to have their voices heard.
While the initial investment of the planning process may increase time and
money spent, the benefits remain stronger and more beneficial (Amundsen, 2001).
Local land use planning provides the opportunity to implement proactive rather than
reactive plans, thus promoting stewardship rather than restoration (Karr, 1990).
Through the use of strategic conservation planning conservation organizations can
overcome challenges, increase efficacy, and improve conservation efforts by becoming
local working partners.
Review of Social Literature
Misconceptions about Farmer Environmental Attitudes
It seems to be a common speculation, that if a farmer cannot foresee a
monetary benefit to a conservation practice on their farm, they will likely not implement
it. However, literature suggests that this is an inaccurate assessment as “Adoption of
sustainable agricultural practices will vary between sustainable and conventional
farmers depending on their socio-economic characteristics and their attitudes and
beliefs” (Comer et al., 1999, P.43). While economics are a critical factor influencing
farmers’ conservation decisions, there still exists an influence from a more complex
array of attitudinal factor (Reimer et al., 2011). These factors need to be incorporated in
the development of behavioral models to further explain conservation decision making
by farmers (Reimer et al., 2011). Furthermore, they emphasize the need to look at
environmental attitudes as multi-dimensional constructs instead of a one size fits all.
10

These findings suggest that in order to understand farmers’ conservation behaviors we
need to focus on understanding the variation in attitudes they hold that ultimately
influences behavior (Thompson et al., 2014). In a similar study by Mayberry et al. (2005)
farmers were categorized based on values dividing them into three distinct groups;
economic, conservation, and lifestyle. Mayberry et al., (2005) related investigation of
multi-dimensional altitudinal constructs to broader psychology and sociology literature
that recognizes differences in values held by conventional, alternative, and sustainable
farmers. This ideology is confirmed by Ryan et al. (2010) who suggested farmers are
driven more by intrinsic values such as being a good steward as opposed to economic
extrinsic values. The blanket ideology which categorizes farmers’ attitudes as
homogenous is no longer a suitable approach. More research needs to be conducted to
best understand what motivates farmers.
Conservation Programs
According to the Edwin Young (2008) with the United States Department of
Agriculture Economic Research Service, the 2002 farm bill allocated an estimated $57.7
billion (28.7% of the total $640.7 billion dollar budget) toward conservation related
programs. Still, little social research has been conducted to better understand the
attitudes held by farmers, ranchers, and landowners that this money aims to assist. In a
survey study aimed to understand why more farmers are not participating in more
conservation programs it was concluded that most respondents felt as though there was
not enough educational material available to explain the various types of programs and
there was a lack of certainty on whether a program was appropriate for their operation
11

(Mara, 2007). Common themes appearing in the literature are: farmers’ desiring more
information, education, and technical assistance with these government conservation
programs. Moreover an attempt to aggregate types of programs, their goals, and the
various type of assistance they offer may deter farmers from becoming involved
(Reimer, 2013). For example, The University of Florida, Institute of Food and Agricultural
Sciences conducted a survey across 5 Southern States: Alabama, Florida, Georgia, North
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Carolina and Texas, where they found an overwhelming majority of farmers desired
technical over financial assistance, depending on the goals of the program (Mara, 2007).
Based on the literature it is clear, that there is a need for a shift in how these
conservation programs attempt to recruit farmers as current methods are inadequate.
Federally funded programs such these may have good intentions, however; the
U.S Government has ultimately spent billions of dollars to rent land and protect nothing
Figure 1: Conservation Reserve Program (CRP) trends from 1986 to 2012, according
to the 2012 U.S Census of Agriculture. a) Represents the seven county Central
Wisconsin study area. b) Represents the state of Wisconsin.

13

in perpetuity. In addition, what has been temporarily protected does not necessarily
qualify as quality habitat (Wuerthner, 2008). In most cases acreage is placed in
programs when it is convenient for the landowner and removed as soon as possible
after the market shifts. Wisconsin, at its highest, had 713,000 acres enrolled in CRP
(figure 1a). Since 2007 Wisconsin has been on a steady decline losing just shy of 300,000
acres of enrolled CRP land state wide (USDA FSA, 2014). Within the Central Wisconsin
study area a decline in CRP enrollment can be detected as far back as 2003, losing
around 8,000 acres (USDA FSA, 2014) (figure 1b).
Recruiting Farmers
Alternative options to government funded conservation programs have been
investigated for farmers to participate in. One solution is the use of proactive targeting.
J. Arbuckle (2012) found farmers “…View targeted conservation as an acceptable
strategy to address agri-environmental problems”. Proactive targeting concentrates
conservation efforts on priority farms with more evident conservation issues as opposed
to just farms in general. This is a viable option for farmers as it represents an efficient,
practical, and appropriate use of conservation resources. Furthermore, farmers support
tailored solutions to unique issues on a farm by farm basis, rather than blanketing all
farms. This is confirmed by Arbuckle (2012), who found that farmers find it important to
individually target and correct inappropriate behaviors and poor farm management
causing environmental degradation.

Another possibility is performance based

conservation. Performance based management has been used in manufacturing
processes to increase bottom line and achieve higher goals by focusing on results while
14

still maintaining safe and environmentally sustainable operations (Morton & McGuire,
2011). This is done through an adaptive management technique that constantly asses
the results seeking areas for improvement. Though this operating paradigm would
require massive attitudinal change of stakeholders (primarily farmers), it could be
applied to how farms manage for environmentally sustainable practices. Certainly this
technique has strong potential for implementation as it places the farmers’ goals as a
higher priority. The aforementioned methods represent a more top down approach
with less stakeholder involvement.
An example of a bottom up approach is farmer led councils. A farmer led council
can be defined as a citizen collaborative group with the assistance of more technical
based personnel. Morton and McGuire (2011), Koehler and Koontz (2008), Hall and
Koontz (2004), and Lubell (2004) all investigate the techniques of citizen collaboration.
Their work as lead to significant steps in understanding the types of famers likely to join
grassroots based organizations, likelihood of active participation, role of a conservation
group in a community, likelihood of successful outcomes, and how to work
collaboratively with these local conservation groups. These farmer led councils could
mirror farm groups such as the: Wisconsin Corn Growers Association (WCGA), Wisconsin
Purebred Dairy Cattle Association (WPDCA), and The Wisconsin Dairy Products
Association (WDPA), among others. These conservation groups are formed by farmers
for farmers with farmers’ goals in mind similar to the farm advocacy groups. They utilize
performance and target based conservation approaches for implementing conservation
practices on the farm. It is imperative that conservation programs incorporate farmers’
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priorities as well. Not only to increase likelihood of implementation, but also, evolve
with modern agricultural practices.
Advantages to Collaboration
Collaboration is a process where “parties who see different aspects of a problem
can constructively explore their differences and search for solutions that go beyond
their own limited vision of what is possible” (Gray, 1989, p.5; Margerum &Whitall,
2004). According to the literature there are four primary reasons to collaborate. First,
because there is an increase in competition for natural resources there is an increase in
conflict about how best to manage those resources (McCool & Guthrie, 2001; Michaels,
2001; Margerum & Whitall, 2004). Second, socio-ecological systems are inherently
complicated (Margerum & Whitall, 2004). As understanding of these systems increases,
so too does the need for management reflecting those understandings (Cortner &
Moote, 1999; Margerum, 1999a; Margerum & Whitall, 2004). Third, regulatory action
tends to push private landowners away rather than achieve by in from stakeholders.
Many of the issues today are a direct result of failed attempts to regulate as a way of
dealing with natural resource conflicts (Heathcote et al., 1998; Margerum, 1999b;
Margerum & Whitall, 2004). Heavy regulation causes potential partners to distance
themselves more and become defensive ( Margerum, 199b). Finally, there exists
massive overlap among similar agencies attempting to manage similar resources for
similar goals. This process has become inefficient and unproductive (Margerum &
Whitall, 2004). Instead, through collaboration there is less wasted effort and resources.
The ability to share data, expertise, and experience will yield reduced conflict through
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stronger communication avenues among partners (Margerum & Whitall, 2004, p.408;
Wondeolleck & Yaffee, 2000; Michaels, 2001). As a result of the four aforementioned
reasons, collaboration is becoming an increasingly popular way to address
environmental issues of all scales (Margerum, 2008). This is because more holistic
approaches can be applied with a deeper breadth of partner knowledge (Margerum and
Whitall, 2004).
As both primary users and private managers of our natural resources farmers
play a key role in the agri-environmental paradigm given their daily dependence on, and
involvement with our environmental resources. Consequently, it is of the utmost
importance they be included in the resource management and planning process. The
acknowledgement of widespread habitat loss and environmental degradation has lead
to multiple landscape scale collaborative planning initiatives around the country. The
North American Waterfowl Management Plan, the U.S Shorebird Conservation Plan, The
Sage Grouse Initiative, and The Driftless Area Restoration Effort are just a few examples.
The Driftless Area Restoration Effort is an example of successful collaboration that
encompasses 24,000 square miles, extends across greater than 4,000 river miles, and
crosses four state boundaries (Hastings & Hewitt, 2005). This collaborative initiative
involves 31+ organizations (federal, state, county, local, non-profit agencies and private
landowners) that have teamed up to restore degraded aquatic habitat (Hastings &
Hewitt, 2005). To date this project has seen reductions in local sedimentation and
chemical loading, increased aquatic habitat and stream bank quality, increased presence
of trout species, and increased recreational activity. In 2002 a portion of Hickory creek
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(Northeastern Iowa) was identified by the Iowa Department of Natural Resources (IDNR)
as being impaired. Consequently, it was placed on the Environmental Protection
Agency’s (EPA) 303d impaired waters list, due to high levels of nitrogen, phosphorous
and animal fecal bacteria (Morton & McGuire, 2001). In response the Hewitt Creek
Watershed Group was formed by volunteer farmers in an attempt to reduce their
footprint, avoid strict regulation, and ultimately have the creek delisted. The group
offers farmers within the watershed small incentives and “opportunities to merge
science-based protocols with deliberate and regular neighbor-to-neighbor discussions”
in an adaptive management based approach (Morton & McGuire, 2011, p.195). The
group focuses on reducing environmental degradation without hindering farm economic
performance (Morton & McGuire, 2011). Both the Driftless Area Restoration Effort and
the Hewitt Creek Watershed are excellent examples of how collaboration is being used
to involve local stakeholders and resolve agri-environmental conflicts.
The Central Wisconsin Grassland Conservation Area
Here in Central Wisconsin, The Central Wisconsin Grassland Conservation Area
(hereafter the CWGCA) was developed in early 2005 and was originally intended to be a
collaborative conservation area. This partnership involves agricultural partners,
conservation organizations, and private landowners across six counties (see the map of
Figure 3 for more detailed spatial information). The goals of this initiative focused on
restoring, protecting, and creating grassland habitat specifically for the GPC.
Furthermore, it was intended to promote a healthy rural landscape through increased
educational opportunities for both students and landowners and improved
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communication between partners (WDNR, 2011). The CWGCA appears as a grand vision
at coarse resolution. However, it falls short in fine resolution details (Sharp &Thompson,
2013). Private landowners in the area have yet to fully commit to efforts due to agencies
involved failing to see beyond their own limited vision and goals (Sharp &Thompson,
2013). Land use practices continue to disrupt habitat restoration due to a lack of
compromise (Sharp &Thompson, 2013). Focusing on differences instead of shared
values has led to continued decline in the GPC habitat (Sharp &Thompson, 2013). As a
result, most goals and objectives especially those focused on shifting agricultural land
management, have been relatively unsuccessful.
Project Area
The Central Wisconsin study area is made up of Taylor, Clark, Wood, Marathon,
Portage, Adams, and Waushara Counties. This area encompasses approximately 6,700
sq. miles (See the map of figure 2). Central Wisconsin is primarily comprised of an
ecological landscape known as the Central Sand Plains. This area is made up of sandy
soils with minimal elevation change and historically consisted of marsh and savanna
cover types (WDNR, 2014). The Northern extent is considered part of the Forest
Transition ecological landscape. This area is the start to the northern forested ecological
landscape. It is comprised of more loamy soils and historically consisted of hemlock,
maple and tamarack forested cover at slightly higher elevation and having more
topographic relief (DNR, 2014). The Southeastern extent is considered part of the
Central Sand Hills ecological landscape. It is comprised of sandy soils with more organic
soils occurring under sedge meadows and tamarack swamps (DNR, 2014).
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Table 1: County and State agricultural statistics for 2012 and 2007. Stats were used from the 2012 and
2007 United States department of Agriculture, National Agriculture Statistics Service, Census of
Agriculture.

The CWGCA covers approximately 1,500 sq. miles. As indicated in the map of
figure 2, this area forms an “S” shaped pattern on the landscape. It generally
encompasses the remaining Greater Prairie Chicken habitat in Central Wisconsin
(WDNR, 2004). The CWCGA represents approximately 22% of the Central Wisconsin
landscape. Agriculture is the dominant land use within Central Wisconsin and the
CWGCA. Table quantifies the influence agricultural land use has in all 7 counties and the
state of Wisconsin. In 2012 over 37% of the Central Wisconsin landscape was in some
form of agricultural production (U.S Census of Agriculture, 2012). Major row crops
consist of: corn (Zea maize,) soybeans (Glycine max), and potatoes (Solanum
tuberosum). Major forage crops consist of: alfalfa (Medicago sativa), clover (Trifolium
spp.) and timothy (Pheleum pretense) (Neimuth, 2000; U.S Census of Agriculture, 2007).
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Within the CWGCA the WDNR has four actively managed areas considered to be core
GPC habitat areas. They are; Buena Vista Wildlife Area (7,738ac), Leola Marsh Wildlife
Area (1,876 ac), Paul J. Olson wildlife Area (1,798ac), and the George Mead Wildlife Area
(27,268ac). These wildlife management areas range in conditions from wetter lowlands
to drier uplands. Dairy and Row crop agriculture, urban development, and forested
landcover are land uses generally considered to be fragmenting to grassland habitat.
Dominant tree species within forested land cover consist of: maple (Acer spp.), oak
(Quercus spp.), quaking aspen (Populus tremuloides), eastern white pine (Pinus strobes),
red pine (Pinus resinosa), and jack pine (Pinus banksiana). The mean annual
precipitation for this area is 32.8” with a January mean low temperature of 2.5F and a
mean August high temperature of 80.7F. The growing season is 135 days, but varies
largely on winter snow accumulation. This areas occasional summer freezes promotes
cooler season vegetation (DNR, 2014).
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Figure 2: Map of Central Wisconsin Project area including seven counties and the Central Wisconsin
Grassland Conservation Area.
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Research Projects
The following research objectives were investigated in two separate studies.
These studies emphasize the need to prioritize this landscape and identify how to
engage stakeholders. Study 1 investigated the geospatial component of the strategic
conservation planning paradigm while the second study investigated the human
dimension component of the paradigm. The objectives were designed to respond to a
series of questions focused on strengthening future management strategies based on
previous research of this landscape.
Research Objectives Study I
This study employs two separate related geospatial analyses using ArcGIS
(v.10.2) and previously published methods. The first objective seeks to identify and
quantify land use changes in Central Wisconsin utilizing a three step overlay to analyze
loss of grassland habitat from 1992-2010 (18 years). The second objective seeks to
quantify remaining grassland habitat utilizing an external analysis tool and a four step
process to analyze remaining core grassland habitat.

Objective 1: Identify and quantify Central Wisconsin land use changes with
regards to grassland habitat conversion from 1992-2010.
This objective seeks answers to the following three questions: (1) Identifying
how much grassland habitat has been converted, (2) what land uses grassland habitat
has been converted to, and (3) where has grassland habitat been converted.
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Objective 2: Quantify Central Wisconsin’s remaining core grassland habitat.
This objective seeks answer to the following two questions: (1) How much core
grassland habitat remains today, (2) Where are core grassland habitat areas located?
Research Objectives Study II
This study seeks to understand farmers’ attitudes towards various collaborative
conservation approaches by employing a survey tool and analyzing results through
previously published statistical methods. The first objective seeks to develop a typology
of Central Wisconsin Farmers based on collective belief systems toward collaborative
approaches. The second objectives seek to explore differences and similarities that exist
between farmer groups.
Objective 1: Develop a typology of Central Wisconsin farmers based on
collective belief systems toward collaborative conservation
approaches.
This objective seeks answers to the following three questions: (1) Are there
different types of farmers in the Central Wisconsin landscape based on underlying belief
systems toward collaborative conservation and (2) How do different farmer groups want
to be involved in natural resource management?
Objective 2: Explore differences and similarities that exist between farmer
groups.
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This objective seeks answers to the following three questions: (1) Who are
different farmer groups most likely to work collaboratively with, (2) What collaborative
models do different farmer groups believe will be most effective, and (3) how important
are CWGCA objectives to farmers, specifically continued management of the Greater
Prairie-Chicken and grassland habitat management.

Consideration was made with

regards to how the studies collectively relate to the overarching research purpose which
seeks to understand the role of the Central Wisconsin farmer in strategic conservation
planning to preserve the Greater Prairie-Chicken. Figure 3 displays the relationship of all
four objectives as they relate to strategic conservation planning and the overarching
research purpose.
Figure 3: Four objectives as they relate to investigation of the strategic conservation
planning paradigm
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Importance of study
This study is important as strategic conservation planning continues to come to
the forefront of collaborative resource management. Specifically, the results from these
studies will provide direction for Central Wisconsin resource managers as revisions are
made the 2004-2014 GPC Management Plan.
The objectives of these studies seek to answer two aggregate questions (1)
where should Central Wisconsin resource managers be allocating limited resources and
(2) how do they engage local stake holders in collaborative resource management?
Identification and quantification of Central Wisconsin land use changes with regard to
grassland habitat conversion from 1992-2010 will provide resource managers with a
deeper breadth of understanding of what has happened in this landscape. Quantifying
Central Wisconsin’s remaining core grassland habitat will allow resource managers to
prioritize the Central Wisconsin landscape and allocate limited resources accordingly.
Developing a typology of Central Wisconsin farmers based on collective belief systems
toward collaborative conservation approaches will provide a deeper breadth of
knowledge about how to involve Central Wisconsin Farmers in collaborative resource
management. Exploring differences and similarities that exist between farmer groups
will allow for clear distinction about how different groups want to be engaged. More
generally, these results will allow for insight to future research of collaborative resource
management.
Literature Cited
Amundsen, O.M. 2011. Strategic conservation planning. Land Trust Alliance
26

Arbuckle, JR., J. G. (2013, June 7). Farmer Attitudes toward proactive targeting of
agricultural conservation programs. Society and Natural Resources, 26(6), 1-17
Arnstein, S. R. (1969). A ladder of citizen participation. Journal of the American Institute
of planners, 35(4), 216-224.
Beger, M., Grantham, H. S., Pressey, R. L., Wilson, K. A., Peterson, E. L., Dorfman, D.,…&
Possingham, H. P. (2010). Conservation planning for connectivity across marine,
freshwater, and terrestrial realms. Biological Conservation, 143(3), 565-575.
Bush, K. L., Dyte, C. K., Moynahan, B. J., Aldridge, C. L., Sauls, H. S., Battazzo, A. M., &
Coltman, D. W. (2011). Population structure and genetic diversity of greater
sage-grouse (Centrocercus urophasianus) in fragmented landscapes at the
northern edge of their range. Conservation Genetics, 12(2), 527-542.
Campbell, H., & Marshall, R. (2000). Public involvement and planning: looking beyond
the one to the many. International Planning Studies, 5(3), 321-344.
Cissel, J. H., Swanson, F. J., & Weisberg, P. J. (1999). Landscape management using
historical fire regimes: Blue River, Oregon. Ecological Applications, 9(4), 12171231
Comer, S., Ekanem, E., Muhammad, S., Singh, S. P., & Tegegne, F. (1999). Sustainable
and Conventional Farmers: A Comparison of Socio-Economic Characteristics,
Attitude, and Beliefs. Journal of Sustainable Agriculture, 15(1), 29-45
Cortner, H., & Moote, M. A. (1999). The politics of ecosystem management. Island Press.
Driscoll, D. A., Banks, S. C., Barton, P. S., Lindenmayer, D. B., & Smith, A. L. (2013).
Conceptual domain of the matrix in fragmented landscapes. Trends in Ecology &
Evolution, 28(10), 605-613.
Evans, K. E. (1968). Characteristics and habitat requirements of the greater prairie
chicken and sharptailed grouse; a review of the literature.
Fahrig, L. (2003). Effects of habitat fragmentation on biodiversity. Annual Review of
Ecology, Evolution, and Systematics, 487-515.
Gray, B. (1989). Collaborating: Finding common ground for multiparty problems.
Grumbine, R. E. (1994). What is ecosystem management? Conservation Biology, 8(1),
27-38

27

Hall, M. S., Koontz, T. M. (2004) Landowners, land management, and conservation
program participation in Ohio and Iowa. Environmental Communication, Analysis
and Research for Policy Working Group, 1-15
Hamerstrom Jr, F. N., Mattson, O. E., & Hamerstrom, F. (1957). A guide to prairie
chicken management.
Hastings, J., Hewitt, L., (2005). Driftless area restoration effort strategic plan. Trout
Unlimited. Park Printing; Verona ,Wisconsin.
Heathcote, I. W., Edwards, J. R., Greener, H., & Coombs, H. M. (1998). Integrated
watershed management: principles and practice. Taylor & Francis.
Hobbs, N. T. (2003). Challenges and opportunities in integrating ecological knowledge
across scales. Forest Ecology and Management, 181(1), 223-238.
Johnsgard, P. A., & Wood, R. E. (1968). Distributional changes and interaction between prairie
chickens and sharp-tailed grouse in the midwest. The Wilson Bulletin, 173-188.

Karr, J. R. (1990). Biological integrity and the goal of environmental legislation: lessons
for conservation biology. Conservation biology, 4(3), 244-250.
Knick, S. T., Schroeder, M. A., & Stiver, S. J. (2004). Conservation assessment of greater
sage-grouse and sagebrush habitats. Western Association of Fish and Wildlife
Agencies; Cheyenne, Wyoming
Koehler, B., & Koontz, T. M. (2008). Citizen participation in collaborative watershed
partnerships. Environmental Management, 41(2), 143-154.
Lubell, M. (2004). Collaborative watershed management: A view from the grassroots.
Policy Studies Journal, 32(3), 341-361.
MacArthur, R. H. (1967). The theory of island biogeography
University Press.

(Vol. 1). Princeton

Margerum, R. D. (1999a). Integrated environmental management: the foundations for
successful practice. Environmental Management, 24(2), 151-166.
Margerum, R. D. (1999b). Getting past yes: From capital creation to action. Journal of
the American Planning Association, 65(2), 181-192.
Margerum, R. D. (2008). A typology of collaboration efforts in environmental
management. Environmental Management, 41(4), 487-500.

28

Margerum, R. D., & Whitall, D. (2004). The challenges and implications of collaborative
management on a river basin scale. Journal of Environmental Planning and
Management, 47(3), 409-429.
Marra, M. C., Clouser, R. L., Novak, J. L., & Smith, N. B. (2007). Southern farmers'
attitudes and opinions about federal conservation programs and the 2007 Farm
Bill . In University of Florida IFAS Extension. Retrieved December 2013.
Maybery, D., Crase, L., & Gullifer, C. (2005). Categorizing farming values as economive.
Economic Psychology, 26, 59-72.
McCool, S. F., & Guthrie, K. (2001). Mapping the dimensions of successful public
participation in messy natural resources management situations. Society &
Natural Resources, 14(4), 309-323
McGranahan, D. A., Brown, P. W., Schulte, L. A., & Tyndall, J. C. (2015). Associating
conservation/production patterns in US farm policy with agricultural land-use in
three Iowa, USA townships, 1933–2002. Land Use Policy, 45, 76-85.
Merrill, M. D., Chapman, K. A., Poiani, K. A., & Winter, B. (1999). Land-use patterns
surrounding Greater Prairie-Chicken leks in northwestern Minnesota. The Journal
of wildlife management, 189-198.
Michaels, S. (2001). Making collaborative watershed management work: the confluence
of state and regional initiatives. Environmental management, 27(1), 27-35.
Morris, C., & Potter, C. (1995). Recruiting the new conservationists: farmers' adoption of
agri-environmental schemes in the UK. Journal of rural studies, 11(1), 51-63.
Morton, L. W., & McGuire, J. (2011). Getting to performance-based outcomes at the
watershed level. In Pathways for Getting to Better Water Quality: The Citizen
Effect (pp. 181-196).
Ndubisi, F. (2002). Ecological planning: A historical and comparative synthesis.
Baltimore, MD: John Hopkins University Press.
Niemuth, N. D. (2000). Land use and vegetation associated with greater prairie-chicken
leks in an agricultural landscape. Journal of Wildlife Management, 64(1), 278-286
Niemuth, N. D. (2003). Identifying landscapes for greater prairie chicken translocation
using habitat models and GIS: a case study. Wildlife Society Bulletin, 145-155.
Niemuth, N. D. (2011). Spatially explicit habitat models for prairie grouse. Studies in
Avian Biology, 39, 3-20
29

Pressey, R. L., Cabeza, M., Watts, M. E., Cowling, R. M., & Wilson, K. A. (2007).
Conservation planning in a changing world. Trends in Ecology & Evolution,
22(11), 583-592.
Reimer, A. (2013). U.S agriculture conservation programs trends and effects on farmer
participation. National Agriculture and Rural Development policy Center.
Reimer, A. P., Thompson, A. W., & Prokopy, L. S. (2011, January 28). The multidimensional nature of environmental attitudes among farmers in Indiana:
Implications for conservation adoption. Agricultural Human Values, 29(1), 29-40.
Ryan, R. L., Erickson, D. L., & De Young, R. (2003). Farmers' motivations for adopting
conservation practices along riparian zones in a mid-western agricultural
watershed. Journal of Environmental Planning and Management, 46(1), 19-37
Schorger, A. W. (1944). The prairie chicken and sharp-tailed grouse in early Wisconsin.
Transactions of the Wisconsin Academy of Sciences, Arts and Letters, 36, 1-59.
Saunders, D. A., Hobbs, R. J., & Margules, C. R. (1991). Biological consequences of
ecosystem fragmentation: a review. Conservation biology, 5(1), 18-32.
Sharp, A. K., & Thompson, A. W. (2013). Strategic conservation Planning: the
relationship between the landscape and landowners in the Central Wisconsin
Grassland Conservation Area. The Passenger Pigeon, 75(4), 395-416.
Svedarsky, W. D., Westemeier, R. L., Robel, R. J., Gough, S., & Toepher, J. E. (2000).
Status and management of the greater prairie-chicken Tympanuchus cupido
pinnatus in North America. Wildlife Biology, 6(4), 277-284.
Svedarsky, W. D., J. E. Toepfer, R. L. Westemeier, and R. J. Robel. 2003. Effects of
management practices on grassland birds: Greater Prairie-Chicken. Northern
Prairie Wildlife Research Center, Jamestown, ND. 42 pages.
Thompson, A. W., Dumyahn, S., Prokopy, L. S., Amberg, S., Baumgart-Getz, A., JacksonTyree, J., ... & Mase, A. S. (2012). Comparing random sample Q and R methods
for understanding natural resource attitudes. Field Methods.
Thompson, A. W., & Prokopy, L. S. (2009). Tracking urban sprawl: Using spatial data to
inform farmland preservation policy. Land Use Policy, 26(2), 194-202.
Thompson, A. W., Reimer, A., & Prokopy, L. S. (2014). Farmers’ views of the
environment: the influence of competing attitude frames on landscape
conservation efforts. Agriculture and Human Values, 1-15.
30

Toepfer, J. E. (2007). Status and management of the Greater Prairie Chicken in
Wisconsin. The Passenger Pigeon, 69(3), 159-288
Turner, M. G. (2005). Landscape ecology: what is the state of the science? Annual
Review of Ecology, Evolution, and Systematics, 36, 319-344.
United States Department of Agriculture (USDA), National Agricultural Statistics Service
(NASS). (2014). 2012 Census of agriculture farms and farmland: Numbers,
acreage, ownership and use, Accessed February 2015.
United States Department of Agriculture (USDA), National Agricultural Statistics Service
(NASS). (2014). 2012 Census of agriculture, Accessed February 2015
United States Department of Agriculture (USDA), National Agricultural Statistics Service
(NASS). (2014). 2007 Census of agriculture, Accessed September 2013
United States Fish and Wildlife (USFWS). (2006). Strategic habitat conservation final
report of the National Ecological Assessment Team, Accessed October 2013.
Wiens, J. A. (1996). Wildlife in patchy environments: metapopulations, mosaics, and
management. Metapopulations and Wildlife Conservation. Island Press,
Washington, DC, USA, 439, 53-84.
Wisconsin Department of Natural Resources (WDNR). (2011). Wisconsin Greater PrairieChicken management plan 2004-2014, Accessed September 2013.
Wisconsin Department of Natural Resources (WDNR). 2014. The ecological landscapes
of Wisconsin: an assessment of ecological resources and a guide to planning
sustainable management. Chapter 10, Central Sand Plains Ecological Landscape.
108 pp. Wisconsin Department of Natural Resources, PUB-SS-1131L 2014,
Madison.
Wondolleck, J. M., & Yaffee, S. L. (2000). Making collaboration work: Lessons from
innovation in natural resource managment. Island Press.
Wuerthner, G. (2008, April 11). The problems with the conservation reserve program.
Counter Punch, Accessed February 5, 2014
Young. E. (2008). The 2002 farm bill: Provisions and economic implications. United
States Department of Agriculture (USDA), Economic Research Service (ERS). (AP 022). 177pp.
Zonneveld, I. S. (1989). The land unit—a fundamental concept in landscape ecology, and
its applications. Landscape Ecology, 3(2), 67-86.
31

Chapter 2: CENTRAL WISCONSIN: A GEOSPATIAL ANALYSIS OF AN
EVOLVING LANDSCAPE WITH REAGARDS TO GRASSLAND HABITAT FOR
GREATER PRAIRIE-CHICKEN (TYMPANUCHUS CUPIDO PINNATUS).
Abstract
Central Wisconsin’s grassland habitat has been on the decline for the past 50
years, primarily due to anthropogenic driven land use changes. Consequently upland
species, in particular the Greater-Prairie Chicken (Tympanuchus cupido pinnatus), have
been negatively affected. The need for a more strategic approach to conservation in this
landscape is essential to reverse this trend. This study employs two separate, but
related, geospatial analyses using ArcGIS (v.10.2) and previously published methods. The
first objective seeks to identify and quantify Central Wisconsin’s land use changes with
regard to grassland habitat conversion from 1992-2010 utilizing a three step spatial
overlay. The second objective seeks to quantify Central Wisconsin’s remaining core
grassland habitat utilizing an external analysis tool and a four step process to analyze
remaining core grassland habitat. Results for objective 1 indicate an 18 year negative
trend. Central Wisconsin has seen an 18% (229,797 acres) loss in grassland habitat due
to land use changes. Furthermore, within the Central Wisconsin Grassland Conservation
Area (CWGCA), 15% (49,690 acres) have been lost. Results for objective 2 indicate that
there remains 1.02 million acres of fragmented grassland habitat. However, of this total
only 5% (52,323 acres) were considered core patches. The results of this study locate
priority areas for allocation of limited resources to slow grassland habitat loss in Central
Wisconsin.
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Introduction
Central Wisconsin’s grassland habitat has been on the decline for the past 50
years, primarily due to anthropogenic driven land use changes. Consequently upland
species, in particular the Greater-Prairie Chicken (Tympanuchus cupid; hereafter, GPC),
have been negatively affected. The need for a more strategic approach to conservation
in this landscape is essential to reverse this trend.
Current management strategies, as outlined in the 2004-2014 Wisconsin Greater
Prairie-Chicken management plan (revised from the 1995-2004 management plan), call
for expansion of core grassland habitat managed for the GPC, implementation of
stepping stone areas for habitat connectivity, increased quantity and quality of
grassland habitat and promotion of predominately agricultural land uses throughout the
Central Wisconsin Grassland Conservation Area (CWGCA). The management plan
focuses largely on coarse scale objectives, but briefly mentions more fine scale
solutions. For example, 9,100 to 15,000 acres were proposed for new permanent
grassland which would provide habitat for GPC populations. Moreover, these acreages
were supported as a reasonable goal as they only account for 5% of the total CWGCA
focus area. Another example was the need for 2,000 acres of permanently managed
grassland for every 10,000 acres of GPC range (WDNR, 2011). The plan does not identify
where these permanently protected areas would be implemented, or how best to
obtain the areas. Furthermore, no preliminary planning actions were referred to
confirming the Central Wisconsin landscape can support such actions. As a result this
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plan falls short of its goals as it fails to identify the necessary fine scale details via a
planning process to accomplish the coarse scales objectives.
To help bridge the gap between coarse scale objectives and fine scale details a
new approach needs to be identified. One approach, with increasing popularity, is
strategic conservation planning. Strategic conservation planning is a planning process
designed to maximize the use of limited resources by locating the highest priority areas
and identify methods to protect and manage those areas (Amundsen, 2001, Pressy et
al., 2007). Reanalyzing this landscape for priority areas through multiple scales will allow
resource managers to shed new light on the complex issues affecting this landscape
(Angelstam et al., 2003). Furthermore, breaking this large landscape into smaller more
manageable decision making units will provide the opportunity to more strategically
develop tailored solutions. These tailored solutions may increase efficacy and bridge the
gap between the coarse scale objectives and fine scale details necessary to be
successful. However, it is still important to consider how all of the different scales
connect. While individual tailored solutions may increase efficacy, it is still crucial that
policy, rules, regulations, and results of research reflect how all individual parts relate to
the whole (Hobbs, 2003). For this study, it is important to note that multiple scales are
investigated. In descending order of size they consist of: The Central Wisconsin
Landscape, The CWGCA, grassland focal areas, and townships.
Previous research in this landscape has acknowledged isolated areas affected by
changing land uses (Neimuth, 2003; Sharp & Thompson, 2011). However, there is little
research understanding the parts of this landscape as a whole. Furthermore, land use
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changes and current conditions have not been identified and quantified in a manner
that supports strategic conservation planning. To accomplish this task, two related
geospatial research objectives were proposed using ArcGIS (v.10.2) and previously
published methods. The first objective seeks to identify and quantify Central Wisconsin
land use changes with regard to grassland habitat conversion from 1992-2010. The
second objective seeks to quantify remaining grassland habitat utilizing an external
analysis tool and a four step process to analyze remaining core grassland habitat. Both
objectives were conducted at a seven county landscape scale and further analyzed
through three more fine scales, including: the CWGCA, focal areas, and the Public Land
Survey System Townships to divide and prioritize this Landscape.
Methods
This study’s first objective investigated land use changes by identifying and
quantifying loss of grassland habitat in Central Wisconsin from 1992 to 2010. The
process of Identifying and quantifying land use change was done using a three step
process as outlined by Thompson & Prokopy (2009) consisting of the following:
reclassification of original data layers, overlaying raster layers, and locating and
summating converted grassland habitat. As analysis progressed, problems occurred due
to inherent flaws and inconsistencies in the original data layers. These issues were
resolved using external data layers merged to exclude problem areas. This objective
seeks to answer three basic questions, including; (1) how much grassland habitat has
been converted, (2) what land uses has grassland habitat been converted to, and (3)
where has grassland habitat been converted?
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The second objective investigated remaining grassland habitat. The process of
identifying and quantifying remaining grassland was performed following methods
outlined by Parent et al., (2007), utilizing the Landscape Fragmentation Tool (LFT) (v.2)
in ArcGIS. The LFT, designed originally for use in forest fragmentation (Parent et al.,
2007), has been modified for use in grassland fragmentation for the purpose of this
analysis. This analysis was developed as a four step process consisting of reclassification
of the original data layers, analysis of reclassified data utilizing LFT, reclassification of
results, and finally locating and summarizing core grassland habitat. This objective seeks
to answer two questions: (1) how much core grassland habitat remains and (2) where
are core grassland habitat areas located?
Data and Data Selection
This study utilizes two preexisting land cover data sets as primary representation
of Central Wisconsin’s current landcover conditions. The 1992 Wisconsin Land Cover
data (WLC), developed by the Wisconsin Department of Natural Resources (WDNR), and
2010 Cropland Data Layer (CDL), developed by the United States Department of
Agriculture, National Agricultural Statistics Service (USDA,NASS) (see table 2). Both of
these data sets utilize a raster grid system to display ground data. These raster data sets
are consist of cells (30 meter x 30 meter) where each cell contains a single attribute
value as digital representation of real world land use and landcover conditions.
The two data layers were selected based on three conditions, including when
land cover data were collected, spatial resolution at which data were collected at, and
relevance of data set design. The first selection condition required both data sets to be
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assembled using satellite imagery near 1992 and 2010. Remote sensing offers an
accurate and relatively inexpensive method adequate for the purpose of this study
(Thompson & Prokopy, 2009). Because remote sensing was the technique used to create
these data sets it is critical they be representative of the target years to ensure accurate
results. The second selection condition required both datasets to utilize the same spatial
resolution to prevent false differences and loss of information. Discrepancies in spatial
resolution between data layers can lead to inaccurate assessments of changes
occurring. Also rescaling data layers results in loss of accuracy in original layers. The
third selection condition required the data sets to be designed for trend analyses within
agricultural landscapes. Data sets must be suitable to track conversion of grassland
habitat. Furthermore, the primary landcover in Central Wisconsin is agricultural crops.
Thus, it is essential to have data sets which accurately represent a more homogenous
landscape.
Some inherent inaccuracies exist in these data sets. Because these data sets
utilize a 30m x 30m raster grid system, each raster cell represents 900 sq. meters of real
time ground conditions. This is approximately one quarter of an acre. As a result, some
finer resolution details such as boundaries between adjacent land uses are not well
represented. In scenarios where two adjacent land uses existed within the boundaries
of a single cell the smaller land use would be resolved and the cell would represent the
larger land use. Another inaccuracy occurs based on these data layers original land use
category classification schemes. The 1992 WLC utilized 30 land use categories while the
2010 CLD utilized 61 land use categories. This is as a result of better technology, and
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slightly different intended uses. This discrepancy was handled via the reclassification in
step A of objective 1. While these errors exist these data layers remain the most
accurate and relevant data sets representing the focus area. They also employ an
accuracy level which supports spatial planning at multiple scales.
Other data layers in these analyses were utilized to correct problems identified
in the overlay process and prioritize the Central Wisconsin landscape. The United States
Census Bureau’s Topographically Integrated Geographic Encoding and Referencing
(TIGER) Urban and Roads data layers provide the most up to date urban and road
landcover data (see table 2). These were used to create a correction overlay that
excludes problem areas from final calculations. The Public Land Survey System Township
data layer, provided by the WDNR, was used as a grid, approximately 6 mi x 6 mi, to
divide the Central Wisconsin landscape into finer resolution decision making units (see
table 2). Both grassland habitat loss and remaining core grassland habitat were
identified at the township level and aggregated across more coarse scales. The township
level was chosen as a spatial decision making unit by which to prioritize the Central
Wisconsin landscape because local based policy is often developed and implemented at
the township level.
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Table 2: Data layers used in spatial analysis

Landscape Changes and Habitat Loss (Obj. 1)
Intensifying land use changes have led to dramatic conversion of grassland
habitat in Central Wisconsin (Neimuth, 2001; Toepfer, 2006; Bellinger et. al., 2003).
Understanding this trend is critical in the next steps of CWGCA management in order to
mitigate habitat loss from intensification of land use changes. This objective looks at
habitat lost over an 18 year period from 1992-2010 in order to quantify grassland loss
and better understand land uses adversely affecting them. The following subsections
break down the three steps of this analysis as they were conducted. Figure four
represents the work flow followed.
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Figure 4: Objective 1, three step spatial analysis workflow with original data sets, operations, corrections
steps, and resulting data layers.

Objective1, Step A. Step A reclassified the 1992 WLC and the 2010 CDL data
layers for comparative analysis. As previously mentioned the two data layers employ
similar, but distinctly different land classification schemes. Additionally, both schemes
were too narrowly classified for use in identifying changes to grassland habitat
(Neimuth, 2003). The 10 aggregate land cover categories included specialty agriculture,
row crop agriculture, fixed agriculture, forage agriculture, barren, urban/development,
open water, wetland, forest, and grassland (See table 3 for further description). It
should be noted while grassland and forage agriculture were classified independently
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they were calculated together throughout most of the analysis based on their
similarities both as Greater-Prairie Chicken habitat and land cover type (Neimuth, 2003).
These 10 aggregate land cover categories were selected based on biological relevance
(Neimuth, 2003) and similar classification between the original data sets. This 10
aggregate land cover classification scheme follows the classification scheme used by
Neimuth (2003).
Table 3: Ten aggregate landcover categories and general descriptions

Objective 1, Step B. Step B overlaid the 1992 WLC and 2010 CDL data layers
through the use of the raster calculator tool. Raster calculator utilizes a single map
algebra expression to create a single output raster layer from multiple input raster
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layers. The reclassified 1992 WLC and 2010 CDL data layers were overlain using the
following algebraic expression: WLC*100+CDL. As a result of this expression, each cell
was recalculated to have either three or four digit values that indicates what it was
classified as in 1992 and what is classified as in 2010. The resulting layer represents land
cover changes that occurred between 1992 and 2010.
Upon investigation of the resulting data layer two classification issues were
identified with roadways and urban/development. The 1992 WLC data layer did not
specifically capture roadways, especially outside of known urban areas. However, the
2010 CDL data layer did specifically classify roadways as part of the original urban
classification. Consequently, the resulting data layer severely overestimated grassland
habitat lost to urban sprawl. In addition, there are cells within known urban boundaries
that appear as grassland. To correct these issues, the solution step creates a secondary
overlay for extraction (refer to figure 4). The secondary overlay was created as a cut out
using the U.S Census Bureau’s TIGER data which includes: major road ways (e.g. U.S and
state highways and county and state roads), minor roads ways (e.g. Local roads,
township roads, and city streets), and urban areas. The major roadways were buffered
using a 120 meter buffer. The minor road ways were buffered using a 90 meter buffer.
Buffer distances were intended to include as much of the problem areas as possible as
well as mimic present Department Of Transportation right of ways. Using the merge tool
the three separate layers (major roads, minor roads, and urban areas) were integrated
into one overlay layer. Using the extract by mask tool (which extracts cells of an input
raster by the cells of another raster defined as a mask) the problem areas were removed
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from the analysis. Removal of problem areas reduced the estimated amount of
grassland habitat lost to urban sprawl by 70%. The resulting data layer represented
accurate land use changes from 1992 to 2010.
Objective 1, Step C. Step C utilized the zonal statistics tool. This tool
summarized grassland habitat lost within the boundaries of the PLSS townships. The
zonal statistics tool summarizes the cells of an input raster data layer within the zones
defined by another raster input layer and reports the results as a table to be analyzed.
As previously mentioned, the cells in the overlay raster layer have either a three or four
digit value representing the changes that have occurred. All cells that were grassland in
1992 and changed in 2010, were grassland in 1992 and remained grassland in 2010 or
changed from another land use in 1992 to grassland in 2010 were selected for
calculation. Using the zonal statistics tool these cells were summarized based on the
township in which they existed. The resulting tables presented the amount of grassland
habitat gained, lost, or remained constant per township across all 7 counties. This
allowed for all townships to be analyzed individually for total grassland lost or gained
over the 18 years.
Current Conditions (Obj. 2)
Agriculture the primary land use in this landscape and can be utilized as habitat
by the GPC (Svedarsky et al., 2000; Toepfer, 2006; Nemuth, 2000). Quantifying GPC
habitat according to season (summer and winter), allowed for a more accurate
estimation of current available habitat. Furthermore, it also accounted for the variation
in habitat GPCs’ require throughout the different stages of their life cycles. Grassland
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habitat and row crop agriculture should not be considered mutually exclusive in regards
to habitable land uses, as the GPC will utilize both throughout its lifetime (Merrill et al.,
1999; WDNR, 2004; Svedarsky et al., 2000). As a result, this analysis process was
conducted twice to identify how much and where core grassland habitat remains. The
first was to analyze summer grassland habitat independently of other land uses. The
second was to analyze potential winter habitat in addition to summer grassland. This
included land uses such as row crops. Thus, the only difference between these two
methods was the classification of the 10 aggregate land cover categories; in particular,
row crop agriculture.
Figure 5: Objective 2, four step spatial analysis workflow showing original data layers, data processing
steps, correction step and final data layers.

Objective 2, Step A. Step A reclassified the 2010 CDL (from previous analysis) 10
aggregate land cover categories into 3 aggregate land cover categories. The purpose for
reclassification of this data layer is to prepare it for use in the LFT. The three categories
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include: the target habitat types, fragmenting land uses, and non-fragmenting land uses.
Target habitat types (e.g. grassland and forage agriculture) are land uses that are likely
to increase GPC survival and provide necessary habitat for various life stages. These
habitat types generally provide shelter, a food source, and promote reproduction
(Mcnew et al., 2011). Fragmenting land uses (e.g. Forest, Urban) are land uses that
directly fragment grassland habitat. Non fragmenting land uses (e.g. wetlands, row crop
agriculture) are land uses that can be inhabited by the GPC, but do not constitute ideal
habitat. These land uses are permeable within the Central Wisconsin landscape,
generally allowing for dispersal of individuals and acting as a year round food source (it
should be noted however, that these land uses are not considered directly fragmenting
to the target habitat type, but do not add to the amount of the targeted habitat. Open
water, such as the Wisconsin River, was classified as a non-fragmenting land use. Due to
the heavy agricultural presence in this landscape it is necessary to define different forms
of agriculture and assess their potential positive or negative impacts on the grassland
habitat.
Objective 2, Step B. Step B analyzed the three aggregate category land cover
data set (target habitat types, fragmenting, and non-fragmenting) utilizing the LFT
(Parent et al., 2007). Before analysis could begin, the LFT requires an edge distance
(manually implemented by the researcher) to distinguish between edge, patch, core and
non-core habitat types (Sharp &Thompson, 2013). The edge distance must be, at
minimum, equivalent in size to a single cell of the input data source (Parent et al., 2007),
(30 meters). A 100 meter buffer was used to over-emphasize the edge effect and to
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clearly distinguish core and non-core habitat (Neimuth, 2003). The resulting data layer
displayed the target habitat in a six category classification scheme produced as an
estimate considering the original three aggregate land cover categories. They include;
patch (small non-core grassland patches), edge (habitat within the 100m set distance
from core) perforated (small patches within a non-core matrix), and core divided into
three subcategories (small core <250 contiguous acres, medium 250-500 contiguous
acres, and large >500 contiguous acres). Further descriptions of these categories can be
found in table 4.
Table 4: Six category land use classification scheme produced by the Landscape Fragmentation Tool and
description

Objective 2, Step C. Step C converted the resulting raster data set into polygons
which allowed for spatial investigation of the three core grassland categories. The
resulting raster data layer correctly estimated current grassland patterns, but does not
accurately quantify GPC habitat with regards to minimum patch size. This is a result of
limitations of the LFT which categorizes one acre, meeting all requirements, as core
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habitat (within the small subcategory). However, one acre does not provide adequate
Greater Prairie Chicken habitat as they are a species requiring large tracts of core,
contiguous grassland habitat (Svedarsky, 2003; Toepfer, 2006; Neimuth, 2011). To
correct this and more accurately quantify grassland habitat, the resulting raster data set
was converted to polygons for calculation. All remaining polygons represented core
grassland regardless of their original sub classification. After converting all polygons to
acres, any polygons less than 100 acres were removed. Because there is no known
minimum patch size to support GPC, 100 acres was selected as a minimum patch size.
Removal of core grassland areas less than 100 acres resulted in a reduced estimation by
81% for summer grassland habitat and 94% for winter grassland habitat.
Objective 2, Step D. The final step in this analysis summarized current grassland
habitat at the PLSS Township level. Utilizing the Zonal Statistics tool, existing core
grassland was summarized based on the township in which it exists. The resulting tables
presented the amount of grassland habitat remaining per township across all seven
counties. This entire process was then rerun to analyze for winter habitat availability
altering how the ten aggregate land cover categories were originally classified in
particular row crop agriculture.

47

Results
This analysis was conducted with consideration to four primary scales. As
previously mentioned, analyzing a landscape at multiple scales can break a large
landscape into more manageable decision making units (Pressy et al. 2007). It is critical
these decision making units be analyzed both individually and collectively as part of the
entire landscape (Hobbs, 2003). The following sections break down the results by their
objective and by the four scales used to analyze this landscape.
Landscape Changes and Habitat loss (Obj.1)
The geospatial analysis conducted for this objective allowed for examination of
land use change and its effect on grassland habitat conversion across Central Wisconsin
from 1992-2010. The analysis was conducted in a way that allowed for isolation of the
CWGCA. The quantities reported for the entire Central Wisconsin landscape include the
CWGCA focus area, while quantities reported for the CWGCA are unique only to it. In
addition to quantities reported, this analysis located where grassland habitat conversion
is occurring within Central Wisconsin.
Based on the reclassification performed on the original data layer, in 1992 there
existed approximately 1.25 million acres of grassland habitat. This made up 29% of the
total land base across the seven counties study area. As of 2010, there remains 1.02
million acres of grassland habitat. The 18 year trend analysis showed an overall
decrease of 18% or 229,797 acres across Central Wisconsin. Three aggregate land uses
constitute 99% of the total grassland habitat converted. They consist of row crop
agriculture, urban/development, and forestry. Across Central Wisconsin forest
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encroachment is the largest contributor to grassland loss at 58% or approximately

Table 5: Results of objective 1, showing three dominant land uses Greater-Prairie chicken
habitat is being converted to within the CWGCA focus area.

133,618 acres (see table 5).
Similarly, the CWGCA also resulted in a negative trend that occurred over the 18
years (see table 6). In 1992 there was 329,714 acres of grassland habitat, making up 37%
of the total CWGCA focus area. In 2010 there remained 280,044 acres of grassland
habitat. This is a decrease of 15% or 49,690 acres. The same three aggregate land uses
constitute 99% of the acreage converted. However, unlike Central Wisconsin as a whole,
row crop agriculture is the primary land use contributing to the decline in grassland
habitat. As shown in table 6, 53% or 26,466 acres of grassland habitat were converted
due to increases in row crop agriculture.

The results of this analysis also located where grassland habitat was being

Table 6: Results of objective 1, showing three dominant land uses Greater-Prairie chicken
habitat is being converted to within the CWGCA focus area.
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converted. The map of figure 6 categorizes Central Wisconsin Townships into three loss
severity categories. In total, 173 of the 192 townships showed a decrease in grassland
habitat. Inversely, 21 of the 192 townships showed an increase in grassland habitat
leaving three townships that remained constant. Of the 21 townships that resulted in an
increase, two are located within the CWGCA focus area. It is worth noting, that these
two townships are located near the Paul Olson/Mead Wildlife areas in North Eastern
Wood County and North Western Portage County. In the North Western portion of the
CWGCA (South of Medford and North West of Marshfield) all townships resulted in a
moderate to severe loss of grassland habitat. The townships in the South Eastern corner
of the CWGCA (East of Wisconsin rapids, South of Stevens Point) resulted in similar
moderate to severe grassland loss. On the other hand, townships located in the central
third of the CWGCA (North of Wisconsin Rapids, West of Stevens Point, and South East
of Marshfield) resulted in more mild to moderate loss of grassland habitat.
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Figure 6: Results of trend analysis displaying severe (red), moderate (orange), mild conversion (yellow),
and gain of grassland habitat (green) through the Central Wisconsin landscape.
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Current Conditions (Obj.2 Results)
This geospatial analysis was conducted in two parts to analyze the landscape for
both summer and winter habitat availability. Results quantify and locate Central
Wisconsin’s remaining grassland habitat. The only difference between these two
analyses was the input land uses utilized to quantify summer and winter habitat. As a
result, the quantities reported for summer habitat are more representative of current
conditions. Quantities reported for winter habitat are fundamentally more hypothetical,
based on theoretical agricultural management shifts. Results reported primarily focus
on the summer grassland habitat analysis
Previous results indicated 1.02 million acres of fragmented grassland habitat
remain throughout the Central Wisconsin landscape. Of that only 52,323 acres were
identified as core summer grassland habitat (meeting both the criteria of the LFT to be
originally considered core in one of the three subcategories and being greater than 100
acres) which is 5% of the original 1.02 million fragmented acres identified. The 52,323
acres of core grassland habitat are patches scattered throughout the Central Wisconsin
landscape. The map of figure 7a, categorizes Central Wisconsin townships into four core
habitat availability categories from none (0-99 acres) to maximum (600-1,903 acres). In
total 95 of the 192 townships resulted in having core grassland habitat.
Within the 52,323 acres, 25,306 acres are more closely clustered in three less
fragmented focal areas (see figure 7A). These three focal areas are all located within the
CWGCA. Townships that make up these three focal areas all resulted in having
maximum grassland habitat availability. The focal areas identified in this analysis are
52

located in Southwestern Portage County (area #1 on the map of figure 7A),
Northeastern Wood County (area #2) and Northeastern/Northwestern Clark and
Marathon County respectively (area #3). A fourth could be considered in the
Northwestern corner of Adams County; however, it is not within the CWGCA boundaries
and therefore was not analyzed.

53

54

Figure 7: Maps showing the results of current conditions analysis. A) Displays available core summer habitat >100 acres. B) Displays available core
winter habitat >100 acres. (B is based on theoretical management shifts and includes agricultural acreage that was excluded in the available summer
habitat analysis.

The Buena Vista focal area (#1) is made up of a cluster of five townships. It is
isolated from the other focal areas in the Southeastern corner of the CWGCA
management area (see figure 7). The five-township cluster encompassed approximately
53% of the combined focal areas acreage or 7,880 acres of core grassland habitat
patches. Within this focal area the mean patch size is approximately 321 acres. The
Township of Grant had the largest concentration of grassland habitat (within focal area
#1) with 2,030 acres. This made up 22.19% of all remaining grassland habitat in Portage
County (refer to table 6). To the East and Southeast of the Buena Vista focal area, all but
one township resulted in low grassland habitat availability. This focal area encompasses
the second largest concentration of grassland habitat remaining in Central Wisconsin.
To the Northwest of area 1, the Paul Olson focal area (#2) is made up of a cluster
of four townships. The four-township cluster encompassed approximately 16% of the
combined focal areas acreage or 4,142 acres of core grassland habitat patches (see
figure 7). The mean core patch size was 151 acres, less than half of the average patch
size in area 1. The Township of Carson had the largest concentration of grassland habitat
(within focal area #2) with 1,503 acres. This made up 16.43% of all remaining grassland
habitat in Portage County (refer to table 7). To the North and Northwest most of the
townships resulted with medium grassland habitat availability. This area was the
smallest in size, encompassing the least acres and is isolated centrally from the other
two focal areas. It is also worth mentioning to the Northeast exists the Mead Wildlife
Area. However, this area is predominately wetter lowland areas, thus in the original

55

landcover data sets it was classified as wetlands. In addition, this focal area connects the
only two townships in the CWGCA where grassland habit increased from objective 1.
Finally, to the Northwest of area 2, the Northern focal area (#3) is the largest of
the three focal areas identified. The 13-townships cluster encompassed approximately
31% of the combined focal areas acreage or 13,284 acres (see figure 7). The township of
Hull housed the largest concentration of grassland habitat (within area #3) at 1,709
acres. This made up 12.63% of all remaining grassland habitat in Marathon County (refer
to table 7). To the Southwest, South, and southeast most of the townships resulted in
medium grassland habitat availability. Focal area #3 is the largest in terms of quantity of
remaining grassland habitat, and geographical spread.
Collectively these three focal areas make up 48.36% of the total 52,323 acres of
core summer habitat available throughout Central Wisconsin (refer to table 7). In total
these three focal areas only comprise 2.4% of the total 1.02 million acres originally
identified in objective 1.
Table 7 shows the total acreage of grassland habitat that exists within each
county, focal area, and township. Furthermore, table 7 shows the amount of grassland
habitat within each spatial scale as they contribute to the total amount of grassland
habitat remaining in Central Wisconsin. Within each township mean core patch size was
calculated.
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Table 7: Quantified results of habitat availability analyses. Comparative matrix between summer and
winter as well as county, focal areas, and townships.

Overall, the winter habitat abundance analysis yielded much higher grassland
availability as predicted. In total 344,772 acres resulted as core winter grassland habitat
(meeting the criteria of the LFT to be originally considered core in one of the three
subcategories and being greater than 100 acres). Many of the townships that exhibited
low or medium grassland habitat availability in the summer habitat availability analysis
were due to a large presence of row crop agriculture. As such, many of these same
townships were reversed and resulted in medium to high winter habitat availability.
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Only two focal areas resulted in the winter habitat availability analysis. The
Northern Cluster (#3) and the Paul Olson Cluster (#2) merged together to create one
large focal area; refer to the map of figure 4b. This larger focal area consisted of
approximately 38 adjacent townships. The Township of Mayville, located in Clark
County, resulted in 6,713 available winter acres (see table 7). This was the largest
concentration of core grassland acres through the entire Central Wisconsin landscape.
The mean core patch size was 222 acres.
The Buena Vista focal area expanded to the Northeast, East, and Southeast. This
focal area consisted of 11 townships and remained isolated in the southeastern corner
of the CWGCA (see figure 7b). The township of Buena Vista, located in Portage County,
resulted in 6,314 available winter acres (see table 7). This was the third largest
concentration of core grassland acres throughout Central Wisconsin. The mean core
patch size was 290 acres.
Discussion
The two objectives of this study focused on understanding the Central Wisconsin
landscape through two separate, but related analyses. The first was through land use
changes and their effects on grassland habitat over time. The second was through
current conditions of grassland habitat availability. Five related research questions were
investigated, including; 1) how much grassland habitat has been converted, (2) to what
land uses have grassland habitat been converted, (3) where has grassland habitat been
converted (4) how much core grassland habitat remains and (5) where are those core
grassland habitat areas located?
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Encroachment of Forestry, agriculture and urban development has converted
approximately 18% of grassland habitat in Central Wisconsin leaving 1.02 million acres
of severely fragmented and inhabitable grassland patches. Moreover, within the
CWGCA 15% of grassland habitat has been lost to these same three land uses leaving
280,044 acres of fragmented grassland habitat. Across Central Wisconsin only 5% of the
remaining 1.02 million acres remains physically usable habitat by the GPC. However,
because severe fragmentation remains a viable threat to GPC genetic dispersal, 2.5% of
the 1.02 million acres is a more accurate representation of the remaining grassland
habitat in this landscape.
Approximately 25,306 acres of less severely fragmented grassland patches
remain in three focal areas. The three focal areas consist of, the following: the Buena
Vista focal area, the Paul Olson focal area and the Northern Range focal area. These
focal areas represent the last remaining viable habitat in the Central Wisconsin
landscape and therefore remain the highest priority.
Figure 8: Focal Area #1 - Buena Vista Focal Area
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The Buena Vista Focal area is comprised of 5 townships and encompasses 7,880
acres (see figure 7). Results of these analyses suggest that while these five townships
are among the highest with regard to remaining grassland habitat, they also resulted in
moderate to severe grassland loss over the last 18 years. This suggests that urban
sprawl from Wisconsin Rapids (West) and Stevens Point (North) remains threatening
land uses. Furthermore, agricultural land uses (in particular row crop agriculture) are
also very prevalent land uses surrounding this focal area. As identified by Thompson and
Sharp, (2013) the Wisconsin River to the North West also seems to be a barrier, dividing
the CWGCA into two sections. Consequently, this area is isolated and offers little in
terms of potential expansion without cooperation from landowners within the 5
townships and the surrounding townships to the East and South East. With such little
potential for expansion, isolation from other focal areas, and imminent threat of
grassland conversion this area should still be considered less important with regarded to
habitat availability. However, this focal area houses the largest number of both Male
GPC and the highest concentration of booming grounds (leks indicated by purple dots in
figure5) throughout the Central Wisconsin landscape (WDNR, 2013), thus it should be
considered of extreme importance.
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Figure 9: Focal area #2 – Paul Olson Focal Area

The Paul Olson focal area is comprised of four townships which encompasses
4,142 acres of core grassland habitat patches (see figure 7). Results of these analyses
suggest this focal area remains among the highest concentration of remaining grassland
habitat. However, two of the four townships as well as adjacent townships all resulted in
mild to moderate grassland conversion over the 18 years. Urban sprawl from Stevens
Point (East) and Marshfield (North West) while less threatening, still remain of
immediate concern. Agriculture in this area is slightly less intense compared to the
Buena Vista focal area. Unlike the Buena Vista focal area forested land uses remain a
very severe threat to grassland conversion. This focal area is less isolated than the
Buena Vista focal area and there is less of a threat to grassland conversion; thus, it
offers more of an opportunity for habitat expansion. Expansion of this focal area should
focus to the northwest in an attempt to connect to the Northern Focal area. The Paul
Olson focal area should be considered high importance for both its quantity of grassland
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availability, room for expansion, and the presence of the second largest concentration
of both Male GPC and Booming grounds (WDNR, 2013).
Figure 10: Focal Area #3 – Northern Focal Area

The Northern range focal area encompasses 13 townships and approximately
13,284 acres (see figure 7). Results of these analyses suggest this area remains the
highest concentration of grassland habitat patches. However, this area also resulted in
moderate to severe grassland conversion over the past 18 years. All 13 townships as
well as adjacent townships to the West and South West resulted in moderate to severe
grassland loss. Agriculture is the primary land use threatening grassland conversion. This
focal area offers an excellent opportunity to expand grassland habitat into the
agricultural interface to the East and South East toward the Paul Olson focal area.
Unfortunately, there have been no male GPC or active booming grounds in this area
since 2009 (WDNR, 2013). Consequently this area should be considered high priority
with regard to habitat availability, but less of a priority with regard to GPC presence.
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Conclusions/Implications
As land uses in this landscape continue to intensify, grassland habitat will
continue to decrease. However, as suggested by the literature (WDNR, 2011;
Hammerstrom et al., 1957; Toepfer, 2006) agriculture can create the juxtaposition of
open spaces required by the GPC, as well as a food source during Wisconsin’s harsh
winters. The results of this study show that agricultural land uses are an untapped
resource that could be used to connect already managed grassland habitat. Though the
current Wisconsin Greater Prairie-Chicken Management Plan, (2011) mentions this as
part of the mission, it falls short due to a lack of fine scale focus, such as identifying
priority townships, parcels, and landowners.
It is clear that current strategies are not working as originally intended. Resource
managers need to step back, reassess and realign the strategies employed to accomplish
the goals and objectives. While one overarching, grand management plan sounds good
it falls short at a fine resolution scale (Thompson and Sharp, 2013). The data provided
from this study suggest that an 18% decrease of grassland habitat has left 1.02 million
acres of grassland habitat scattered throughout this landscape. This provides an
optimistic outlook for very course scale land management goals. However, at a closer
look only 5% of the 1.02 million acres (53,323 acres) resulted in core acres of adequate
size to support the GPC. Moreover, only 2.4% (25,306 acres) clustered together in focal
areas which may actually provide the opportunity for these birds to thrive. These areas
while threatened by forestry, urban development, and agricultural land uses provide the
best opportunity for grassland habitat restoration, expansion, and connectivity.
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Admittedly this study simplifies an inherently complex issue. And “understanding
where” is only half of the equation in strategic conservation planning. “Understanding
how” is another question all together. However, these results paint a more realistic
picture supporting the need for fine scale strategic habitat management by providing
both preliminary understanding of what has happened in the past 18 years and
understanding of what currently exits. This will allow managers to focus their time,
resources, and support at the county, township and parcel level. Focusing efforts
through a strategic approach will likely yield the best use of resources and provide the
most beneficial results for grassland management.
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Chapter 3: THE FUTURE OF CENTRAL WISCONSIN GRASSLANDS:
INVESTIGATING FARMERS’ ATTITUDES TOWARD COLLABORATIVE
CONSERVATION APPROACHES
Abstract
Central Wisconsin grassland habitat has been on the decline for the past 50
years, primarily due to anthropogenic land use changes. As a result, the need for
collaboration between private landowners, specifically agricultural producers, and
conservation organizations has been identified as a high priority. Little social research
has been conducted in this landscape to understand how best to involve farmers in
collaborative resource planning. This study seeks to understand farmers’ attitudes
towards various collaborative conservation approaches through two objectives: (1)
Develop a typology of Central Wisconsin farmers based on collective belief systems
toward collaborative conservation approaches, (2) Explore differences and similarities
that exist between farmer groups. A five-wave mail survey was sent to 312 individual
private landowners (N=312). A response rate of 35.8% was attained; yielding 112
(n=112) completed and returned surveys. The inverted-R analysis employed exposed
three different collective belief systems towards various collaborative approaches
(group 1 n=47, group 2 n=15, and group 3 n=7). Respondents were grouped accordingly
and five One-Way Analysis of Variance tests (ANOVAs) were used to investigate where
group mean responses statistically differed regarding types of landowner assistance,
preferred collaborating partners, preferred collaborating models, and importance of
continued Greater Prairie Chicken and grassland habitat management. No statistical
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difference was identified between groups with regard to types of landowner assistance,
preferred collaborative models, or importance of continued Greater Prairie-Chicken and
grassland habitat. However, statistical significance was identified with regard to
preferred collaborating partners. Results indicate that multiple farmer typologies exist in
the Central Wisconsin landscape. Each farmer typology has preferred methods of
involvement in the planning process. To best involve farmers and private landowners,
conservation organizations need to tailor collaborative approaches to accommodate the
individualized preferences of different stakeholder typologies to the best of their
abilities.
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Introduction
There have been incredible strides in the last century to advance environmental
management and conservation strategies. However, with change remaining the only
constant in today’s world there remains no single solution to the conservation
challenges we face. A relatively new tool to assist in breaking down large complicated
natural resource issues is strategic conservation planning. One component of strategic
conservation planning is collaboration. Collaboration has been cited as a successful
method by which to solve large scale complex natural resources (Margerum, 2008).
Collaboration is a process where “parties who see different aspects of a problem can
constructively explore their differences and search for solutions that go beyond their
own limited vision of what is possible” (Gray, 1989, p.5; Margerum & Whitall, 2004).
The literature supports four primary reasons to collaborate including, the following:
Increased demand of natural resources leads to increased conflict and demand stems
from multiple users, Socio-ecological systems are inherently complicated and
collaboration provides multiple vantage points, regulatory action tends to deter
potential partners, and overlap in managers results in inefficient and unsustainable use
of limited resources (McCool & Guthrie, 2001; Michaels, 2001; Margerum & Whitall,
2004; Cortner & Moote, 1999; Margerum, 1999a;
Heathcote et al., 1998; Margerum, 1999b; Wondeolleck & Yaffee, 2000).
In today’s world environmental degradation is happening as a direct result of
changes brought on by anthropogenic land uses. Furthermore, most of environmental
degradation does not occur on publically owned land. In fact according to the 2012
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census of agriculture, farmers manage approximately 915 million acres or 40% of the
lower 48 states. Forty-five percent of this is in long term pasture and 43% is in long term
cropland (USDA NASS, 2014). Here in Wisconsin, farmers manage 16.8 million acres or
42% of the land base (USDA NASS, 2014). Sixty-eight percent of this is in long term
cropland and 7.1% is in pasture. In addition, farming models are changing. The average
farm size is increasing, while the number of farms is decreasing (USDA NASS, 2014). As a
result of this, there are fewer individuals managing more land. With such a vested
interest, farmers are an extremely important partner in the agro-environmental
landscapes.
Collaboration, while challenging, is necessary as it allows local stakeholders a
chance to voice their opinions towards decision making that will likely affect them.
However, before collaboration can take place and be implemented resolve these large
scale natural resource issues, it is imperative leaders of the collaborative initiatives
understand who they are working with and how stakeholders want to be involved.
Previous research by Sharp and Thompson (2013) identified a lack of contiguity between
agency representative and farmers as potential weakness in the Central Wisconsin
Grassland Conservation Area (CWGCA). This research was developed as an attempt to
narrow that gap and obtain baseline knowledge about farmers as collaborating
partners.
This study focused on understanding

farmers’

attitudes

towards

various

collaborative conservation approaches through two objectives: (1) Develop a typology
of Central Wisconsin farmers based on collective belief systems toward collaborative
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conservation approaches and (2) Explore differences and similarities that exist between
farmer groups. These objectives were designed to answer 5 questions including the
following: (1) Are there different types of farmers in the central Wisconsin landscape
based on underlying belief systems toward collaborative conservation, (2) How do
different farmer groups want to be involved in natural resource management, (3) With
whom are different farmer groups most likely to work collaboratively with, (4) What
collaborative models do different farmer groups believe will be most effective, and (5)
How important are CWGCA objectives to farmers, specifically continued management of
the Greater Prairie-Chicken and grassland habitat management? Understanding the
answers to these questions as they relate to the future of this landscape is essential to
begin the process of strategically managing this landscape in the future.
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Methods
The Future of Central Wisconsin Grasslands Survey was tailored and designed to
gauge the awareness, attitudes, and interest of Central Wisconsin landowners (in
particular farmers) toward collaborative conservation. Moreover, it was designed to
produce results that will provide direction for future collaborative planning in the
Central Wisconsin Landscape. Because this landscape is primarily agricultural use, this
survey aimed to stress the importance of working landscapes as part of habitat
protection initiatives.
The Future of Central Wisconsin Grasslands Survey was an eight-page back-toback booklet-style survey. This study utilized both previous research (Sharp &
Thompson, 2013; Thompson et al., 2014; Thompson, 2010) and ongoing research to
best tailor this survey. This survey was pilot tested using key informants prior to being
sent. These key informants have extensive experience in this landscape and consisted of
a farmer, conservation practitioner, wildlife biologist, resource planner and non-farming
private landowner. Pre testing the survey with key informants allowed for corrections in
terminology, simplification of directions and objectives, and improved strength of
variables.
Description of Target Population
The Future of Wisconsin Grasslands Survey employed a census technique that
blanket surveyed all landowners within a defined population (O’Leary, 2010). The six
following criteria were implemented to define the target survey population: (1) At
minimum own an aggregate 120 acres (utilized to target larger farmers), (2) Aggregate
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property must be located in Portage or Wood counties, (3) Property must be located
within CWGCA boundaries, (4) Mailing address must be within Portage or Wood
Counties (if separate from aggregate owned acres), (5) Aggregate property must be
owned by individual private landowner, and (6) Property must be less than or equal to
50% forest cover according to the 2010 Cropland data layer. Publically available parcel
data for Portage and Wood County was used to identify landowners’ names, mailing
addresses, parcel sizes, and locations (see the map of figure 11 for surveyed area).
ArcGIS (v.10.2.2) was employed to aggregate parcel data based on mailing addresses
and geographically locate properties to verify criteria compliance. In total 17 townships
were identified and included in the surveyed area. The address list was then cleaned to
remove addresses not verified by the online white pages service.
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Figure 11: Map of survey area including 17 surveyed townships in Wood and Portage Counties and the
CWGCA

The final target survey population was 312 individual private landowners
(N=312) meeting the aforementioned criteria. Using a modified Dillman et al. (2007)
tailored design method, five contacts were made. Eight surveys were returned as bad
addresses (2.5%). The overall response rate was 35.8% yielding 112 (n=112) completed
and returned surveys. The survey was administered from the second week of January,
2015 to the third week of February, 2015. Surveys received after 20 February 2015 were
not included in the analysis. The five-wave mailings are listed below with their
associated mailing dates:
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1st.
2nd.
3rd.
4th.
5th.

Contact: Survey packet with return envelope – 12 January 2015
Contact: Reminder post card – 16 January 2015
Contact: Survey packet with return envelope – 28 January 2015
Contact: Reminder post card – 3 February 2015
Contact: Survey packet with return envelope – 12 February 2015

Survey and Investigated Variables
The final survey consisted of the following 11 components:
o
o
o
o
o
o
o
o
o
o
o

Cover/Introductory letter
Conservation awareness
Landowner assistance
Farmers and the environment (Environmental stewardship)
Government involvement
Working together for grassland management (Collaborative models with
open ended questions aimed at improve models)
Collaborative approaches
Trust in organizations
Conservation priorities
Demographics (Including location and acreage owned by respondents
and gross farm sales)
Open ended question: Additional thoughts and comments about survey
or conservation in Central Wisconsin.

These components can be collectively grouped in to 5 more aggregate
categories, including the following:

environmental stewardship, government

involvement, working together, trust in organizations, and conservation priorities. It is
worth noting that the environmental stewardship and government involvement items
were not analyzed due to focus of study; therefore, they are not reported. Collectively
these categories were used to describe farmer typologies based on various belief
systems and explore differences and similarities between groups. The following
subsections further explain the survey items investigated.
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Conservation Awareness. The Conservation awareness section gauged
awareness of respondents with regard to current conservation efforts in Central
Wisconsin. Statements ranged from activities taking place on their property to
awareness of the CWGCA and publically managed wildlife areas. This consisted of six
statements respondents were asked to respond yes or no to, and was used as a warmup
section to familiarize respondents with the layout of the survey.
Landowner Assistance. The landowner assistance section measured landowner
interest in various assistance strategies to better manage for grassland habitat. The
statements included financial, technical, educational assistance, and general community
support toward conservation management decisions. Respondents were asked to
indicate their level of agreement with each statement using a 5pt Likert scale from
strongly disagree (-2) to strongly agree (+2).
Farmers and the Environment. The farmers and the environment section
focused on measuring farmers attitudes toward environmental stewardship. This
section consisted of eight statements to which respondents were asked to indicate their
level of agreement on a 5pt. Likert scale ranging from strongly disagree (-2) to, strongly
agree (+2). Statements broadly covered how farmers and their practices integrate with
the natural world including ‘Good farming requires using all available acreage as
efficiently as possible to maximize yield’ and ‘Good farming results from placing equal
importance on the management of both agricultural and natural areas of my farm.’ The
eight items were developed from Thompson et al. (2014).
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Government Involvement. The government involvement section measured how
respondents believed the government (no distinction was made between local, state,
and federal) should be involved with private land management. Eight statements ranged
from little or no involvement to high involvement, focusing primarily on agricultural
practices. A 5pt Likert scale was used to measure respondents attitudes from strongly
disagree (-2) to strongly agree (+2).
Working Together for Grassland Management (Collaborative Models). The
collaborative models section measured interest in participation of respondents in four
different collaborative planning models. These collaborative planning models consisted
of, the following: agency driven, farmer-led councils, township-based interest groups,
and one-on-one. Respondents were asked to read a description of the collaborative
planning models and rate their likelihood of participation on a 9pt Likert scale from
extremely unlikely (-4) to extremely likely (+4). Finally, after each model respondents
were asked in an open ended question to provide insight on how they believe the model
could be improved.
The agency driven model was designed to represent the status quo of
collaboration in Central Wisconsin. It emphasized action through professional and
expert guidance to develop priorities and work laterally with interested landowners.
The farmer-led council model was designed based on research by Morton and McGuire
(2011) who investigated farmer-led collaborative initiatives in the Midwest. This model
emphasized action through collaborative efforts similar to farm advocacy groups by
developing and advancing policy as well as on the ground action with consideration
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towards farmers’ priorities. The township-based interest group model, while similar to
farmer-led councils, varied slightly and was developed based on research conducted by
Margerum (2011). It emphasized locally-tailored, action-oriented solutions to resource
management issues through locally-based citizen-led collaborative groups. The one-onone model was designed as a more intimate based recruitment method. It focused on
technical assistance to implement goals and strategies focused on individual landowner
concerns as they relate to grassland management.
Approaches to Working Together. The approaches to working together section
gauged interest towards collaboration through various approaches. There were 16
statements used to complete the following statement ‘Efforts to address issues affecting
grassland loss in Central Wisconsin are more likely to be successful if…’ A 5pt Likert scale
was used to measure respondents attitudes ranging from strongly disagree (-2) to
strongly agree (+2). These 16 statements were modified from previous research
conducted by Thompson (2010) where he successfully developed farmer typologies
based on respondent attitudes toward environmental stewardship.
Trust in Organizations. The trust in organizations section measures respondents’
likelihood to work collaboratively with conservation organizations who are currently
working to address grassland management issues in the Central Wisconsin landscape.
The six organizations investigated include the following: Natural Resource Conservation
Service (NRCS), Wisconsin Department of Natural Resource (WDNR), County Land
Conservation Department (CLCD), Land Trusts (LT), Knowledgeable neighbors (KN), and
Local Sportsman Associations (LSA). A 5pt Likert scale was used to measure
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respondents’ likelihood to collaborate with various organizations ranging from very
unlikely (-2pts) to very likely (+2pts).
Conservation Priorities. The conservation priorities section gauged respondents’
perceived importance of various conservation issues to affecting the rural landscape. Six
statements were used, including the following: aesthetics of the rural landscape, erosion
and soil quality on working land, local water quality, and connecting habitat areas via
corridors. An emphasis was placed on the final two statements, ‘How important to you
is continuing management for the Greater Prairie-Chicken’ and ‘How important to you is
continuing management for grassland habitat in Central Wisconsin.’ These statements
were emphasized as they relate to CWGCA management objectives. A 5pt Likert scale
was used to measure importance from very unimportant (-2pts) to very important
(2+pts).
Demographics. The demographics section was used to classify respondents as
well as identify common attributes of farmers as likely collaborating partners. Year born,
highest level of formal education, farm operation type, gross farm sales, hunt Y/N, acres
owned and leased per township, and gender were all used to achieve the research
objective.
Analysis Process
Data from the returned surveys was entered into IBM Statistical Program for
Social Scientists (SPSS, v. 21). The data was cleaned for incomplete responses to
alleviate potential errors in the statistical analysis process. The following subsections
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explain the statistical analyses that were conducted on the Future of Wisconsin
Grasslands Survey.
Respondent Analysis. Basic descriptive statistics were conducted on all survey
items investigated to better understand the respondent population. The demographics
of were investigated to describe the respondent population.
Farmer Typologies. To best facilitate planning with stakeholders it necessary to
understand how they believe conservation planning should be approached. Categorizing
respondents via their collective belief systems into farmer planning groups can open the
door to more efficient resource management. Furthermore, resource planners and
managers can more effectively initiate collaborative resource management with farmers
on working land if they are first provided direction.
To begin the process of identifying farmer typologies the collaborative
approaches attitude scale was investigated to identify the number of latent constructs
being measured. This is known as scale development (Devillis, 2003). This was done in
an exploratory fashion using an Exploratory Factor Analysis (EFA) to account for the
variation in the 16 scale items (DeVillis, 2003). The scree plot was visually inspected for a
distinct breaking point. Visual inspection clearly identified three underlying factors being
measured by the 16 scale items.
A Confirmatory Factor Analysis (CFA) was conducted. This forced the 3-factor
solution revealed above onto the 16 scale items. A Varimax rotation was used to rotate
the factor loadings following the methods of Thompson (2014). This allowed for clear
identification of the scale items that were in fact measuring the three identified factors.
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All statements that did not load at .4 or higher and/or load on a single factor by .2 gap
from another factor were culled from the analysis. As a result, 6 statements were culled
and the following Inverted-R analysis was conducted using the 10 remaining statements.
After developing and cleaning the attitude scale, the Approaches to Collaboration
survey item was investigated using the Inverted-R method to develop farmer typologies
based on collective underlying belief systems. The Inverted-R analysis is well suited for
this type of analysis as it groups respondents based on numerical response patterns
(Thompson, 2012). Furthermore, the Inverted-R analysis identifies scale items that
groups both agree and disagree on allowing for a clear distinction in similar and
opposing attitudes.
All respondents who completed the collaborative approaches survey item in full
and didn’t have a homogenous response pattern were included in this analysis.
Following this criteria 16 respondents were removed, resulting in 96 of the 112 total
respondents (85.7%) remaining. The remaining 96 respondents were then transposed
using SPSS (v. 21). This transposition process inverts a traditional EFA and is conducted
on a by-person basis where the “statements in the analysis become the rows in the data
matrix and the individual respondents become the variables” investigated (Thompson et
al., 2012). The Inverted EFA was run in order to determine the number of farmer groups
that exist. The scree plot was visually inspected for a distinct breaking point. Visual
inspection of the scree plot identified three primary factors or “collective farmer
typologies” underlying the 10 scale items.
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Figure 12: Component matrix produced in SPSS (V. 21) in Inverted-R
analysis and used in coding process (Gr 0, in green, are the residual
respondents and not an actual group.

The component matrix produced from the Inverted-R analysis was used to code
the data (See figure 12). Following the rules previously established to identify
statements measuring underlying constructs, respondents were placed into groups
accordingly. Respondents were assigned to group 1, 2, or 3 depending on which group
they most heavily loaded. Residual respondents who did not meet the aforementioned
criteria were culled from the analysis (n=27). These residual respondents are individuals
who do not share a collective belief system with an identified group or share a common
belief system with multiple groups. Group 1 explained 32.94% of the total variance,
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Group 2 explained 15.59% of the total variance, and Group 3 explained 12.37% of the
total variance.
Investigation of Farmer Goups. After all69 respondents were coded and placed
into their respective groups; five One-Way Analysis of Variance tests (ANOVAs) were
conducted to describe where group means differed. Differences of means tests were
run on the following continuous survey items: collaborative approaches, landowner
assistance, collaborative models, trust in organizations, and the final two questions of
the conservation priorities section. The collaborative approaches variable was used as
the metric to distinguish different belief systems between the three groups (1, 2, & 3). A
chi-squared analysis was employed on the scale items to measure the strength of
differences and similarities.
Results
Both descriptive and inferential statistics were utilized to support the objectives
in this research. The following describes the results of the Inverted R analysis as well as
how the different groups differed from one another.
Demographics
Of the 112 total respondents 91% were males with an average age of 60 years
old. Annual Gross Farm Sales (GFS) were measured as an indicator of farm size.
Interestingly, 52.4% of respondents indicated the GFS of their operations were less than
$100,000 annually with 75% of those respondents reporting GFS less than $50,000. On
the other hand, 44.7% indicated the gross farm sales were greater than $100,000. With
regard to education, 42.7% of respondents indicated their highest level of formal
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education was a high school degree or a GED equivalent. Just over 21% of respondents
indicated their highest level of formal education was a 2-year degree. Almost 16% of
respondents indicated they had a 4-year degree or higher of formal education. The
following sections report the findings of each variable, the farmer typologies Inverted-R
analysis, and farmer group similarities and differences via independent sample t-tests.
Respondent Analysis
Descriptive statistics were investigated for the following variables to help
support the objectives of this study. To assist in the analysis process it is important to
understand the attitudes of respondents with regard to each variable prior to
investigating the collective belief systems of respondents.
Landowner Assistance. Landowner assistance was investigated to understand
respondents’ interest in various assistance strategies. Figure 13 shows the aggregate
percent of respondents and what types of assistance strategies they believe would be
most helpful for them. Overall, all respondents agreed these various strategies would be
helpful. More specifically, 70.1% of respondents agreed that tax break assistance would
be helpful for them to better manage grasslands on their property. Interestingly, 67% of
respondents also agreed it would be helpful if more education assistance was available.
The Chi squared analysis demonstrates a statistical significant difference between
aggregate response groups at P≤.05.
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Figure 13: Aggregate percent of respondents’ level of agreement towards five assistance types.
Difference in aggregate response categories significant at P≤.05

Collaborative Models. The collaborative models measured respondent’s interest
in participation of four collaborative models. Figure 14 shows the aggregate percent of
respondents and their likelihood to participate in the four proposed models. There is a
large support for model four or a one-on-one based approach with 64.4% of
respondents indicating they would likely participate. A Chi squared analysis
demonstrates a statistical significant difference between aggregate response groups at
P≤.05. This is corroborated by respondent’s responses to open ended comments such
as:
“Likely to get the most efficient results by targeting prime locations and
landowners/farmers, but representative must be educated/experienced
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farming or being a rural landowner.” And ”...Representative will know
my land and myself personally and will be easiest to work with.”
Model two has a lot of support as well, with 50.0% of respondents indicating
they would participate in a Farmer-led council model of collaboration. A Chi squared
analysis demonstrates a statistical significant difference between aggregate response
groups at P≤.05. This is corroborated by respondents’ responses to open ended
questions such as:
“Currently, we rent out our land for agriculture use, but working with
other like-minded farmers may be helpful and be easier to work with.”
On the other hand, there was little support for model one or an Agency Driven
model of collaboration with 41.2% of respondents indicating it would be unlikely for
them to participate in this type of collaborative model.

A Chi squared analysis

demonstrates no statistical significance was identified between aggregate response
groups. Open ended responses confirmed this with comments such as:
“The problem with professional guidance from experts is the ‘experts’
have no practical experience and often have never done any farming.”
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Figure 14: Aggregate percent of respondents’ likeliness of participation in collaborative models.
Model 1 = Agency Driven, Model 2 = Farmer-Led Councils, Model 3 = Township-Based Interest
Groups, Model 4 = One-on-One. Difference in aggregate response categories significant at P≤.05

Trust in Organizations. Likelihood of collaborating with various organizations
was used to measure respondents’ trust in six conservation organizations who are
working to address grassland management in Central Wisconsin. The organizations
ranged from federally funded to local non-profits. As shown in figure 14, 62.9% of
respondents indicated they would likely collaborate with CLCD, while only 17.1%
indicated it would be unlikely. Results show, 51.4% of respondents indicated they would
likely collaborate with the NRCS, while 24.8% indicted it would be unlikely. A Chi
squared analysis indicates there is a statistical difference between aggregate response
groups at P≤.05 across all agencies which demonstrates a real preference in collaborating
partners. Only 36.9% of respondents indicated they would likely collaborate with the
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WDNR. However, 34% also indicated it is unlikely they would collaborate with the
WDNR. A Chi squared analysis revealed no statistical significance was identified
between aggregate response groups.

Figure 15: Aggregate percent of respondents’ trust in conservation organizations measured via
likelihood to collaborate with organization. Difference in aggregate response categories significant at
P≤.05

Conservation Priorities. The importance of six conservation priorities was
measured to identify what issues stakeholders were most concerned with addressing in
the rural landscape. Special attention was paid to conservation priorities five and six
labeled ’Final Questions’. They included: ‘How important to you is continuing
management for the Greater Prairie-Chicken’ and ‘How important to you is continuing
management for grassland habitat in Central Wisconsin?’ Figure 5 displays aggregate
percent of respondents’ attitudes toward importance of conservation priorities.
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Specifically, 36.7% of respondents indicated continued management of the GPC was
important. However, 32.7% also indicated it was unimportant. A Chi squared analysis
revealed no statistical difference occurred between aggregate response groups. On the
other hand, 64.6% of respondents indicated continued grassland habitat management
was important, while only 13.1% of respondents indicated it was unimportant. A Chi
squared analysis revealed a statistical significant difference between aggregate
response groups at P≤.05.

Figure 16: Aggregate percent of respondents ’attitudes towards importance of six conservation priorities
affecting the rural landscape, including: aesthetics, soil quality of working lands, water quality, habitat
connection, continued management for the GPC, and continued management for grassland habitat.
Difference in aggregate response categories significant at P≤.05
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Farmer Typologies
The Inverted-R analysis identified 3 distinct collective belief systems. Group 1
resulted in 47 individuals (n=47), group 2 resulted in 15 individuals (n=15), and group 3
resulted in 7 individuals. There were 16 individuals who were excluded from this
analysis due to incomplete response or a homogenous response pattern. Individuals
who did not specifically load on one of the groups or didn’t meet that .2 gap
requirement were categorized into group 0 which resulted in 27 individuals (n=27). Due
to lack of conclusive group identification, group 0 was not analyzed. Table 1 shows the
breakdown of all 69 individuals placed in groups 1, 2, or 3 and their collective group
mean responses to the 10 collaborative approach statements.
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Table 8: Ten approach statements used in the Inverted-R analysis, group mean responses and
results of three independent sample t-tests to identify statistically different belief systems among
groups. Red and green highlighting represents 3 highest and lowest group means. Significance:
***p ≤ .01, ** p ≤ .05, * p ≤. 10
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Consensus Statements. The Inverted-R analysis identifies groups of numerical
patterns associated with respondents’ attitudes (Thompson et al., 2012). This provides
the opportunity to identify statements that articulate both differences and similarities
between farmer groups. Items 7 and 8 resulted as consensus statements among the
three groups (see table 8). The consensus belief systems represented by these
statements indicate that all respondents believe that any regulatory action or monetary
resources allocated to grassland protection efforts need to be available equally to all
individual landowners.
Group 1: “The Individuals”. Respondents who hold this view generally believe
that efforts to address issues affecting grassland loss in Central Wisconsin are more
likely to be successful if the government listens to the people who are getting their
hands dirty in the farming world. They believe the government shouldn’t just dictate
what is going to happen. They disagree with others who think a formal board to advise
local government or locally elected officials will increase success of efforts. Moreover,
involvement from the general community will create conflict rather than generate
cooperation. While community members should be involved in the planning process to
help identify issues, individual landowners should be allowed the freedom to implement
individually tailored solutions. This group would like to have their individual voices
heard with regards to solutions to address issues negatively effecting grassland habitat
in their communities through a more one-on-one based approach to collaboration.
Group 2: “The Collaborators”. Respondents who hold this view believe that
efforts to address issues affecting grassland loss in Central Wisconsin are more likely to
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be successful if the general public is allowed in on the process. Contrary to others, they
believe involving the general public in the planning process is more likely to generate
cooperation than create conflict. While the government shouldn’t be allowed to just
dictate rules, they should be allowed to make decisions based on recommendations
from a formalized board. Respondents in this group believe that the focus of
collaborative initiatives should be on improving working lands through strategies that
increase opportunities for pasture based agriculture. Respondents holding this collective
belief system would like to have their voices heard in a more collective collaborative
setting with others who share similar points of view.
Group 3: “The Maintainers”. Respondents who hold this view believe that
efforts to address issues affecting grassland loss in Central Wisconsin are more likely to
be successful if community members help identify issues but implement solutions on
their own. The government shouldn’t just dictate what is going to happen, but the
decision making should be left to local officials and government representatives with
assistance from experts at the federal and state level. While the community should be
involved in identifying issues, this group believes, this will ultimately generate conflict
and not cooperation. Respondents who belong to this group seem to like things as they
are; where community members help, but decision making is ultimately up to the
officials in a more agency-driven approach to collaboration.
Farmer Groups: Similarities and Differences
To investigate the similarities and differences occurring among the three farmer
types five One-Way Analysis of Variance tests (ANOVAs) were used to investigate where
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group mean responses statistically differed. Investigation of similarities and differences
allowed for a more clear description of each of the farmer typologies that exist and
provide a deeper understanding of how different farmer typologies want to be involved
in the planning process. The following subsections explain the results of the ANOVAs.
Landowner Assistance. All groups agreed that financial, technical, educational,
and general community support would be advantageous to them to better manage their
properties for grassland habitat. Statistical difference was only found between the
group 1 and the group 3 with regard to technical assistance (statement 2). Group 1 had
a mean response of .36 while the group 2 had a mean response of 1.14 (0= neutral, 1=
agree, 2= strongly agree). All groups agreed that a tax break on the property being set
aside for grassland management would be most helpful. This is consistent with the
overall survey respondent population.
Collaborative Models. Reflecting the results of the overall survey respondent
population, all groups showed the most support for a one-on-one based approach
(model 4) by indicating that it is likely they would participate in this type of model. On
the other hand, an agency driven approach (model 1), received little support. Group 1
and the gr indicated it is unlikely they would participate in this type of collaborative
model with a group mean response of -.91 and -0.6 respectively (0= neutral, -1=
somewhat unlikely, 2= unlikely, 3= very unlikely, 4= extremely unlikely). Only group 3
indicated they would participate in this type of model, with a group mean response of
.6. Group 1 and Group 2 showed support for a farmer-led council approach (model 2)
with a group mean response of .53 and .86 respectively, while group 1 showed little
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support with a group mean response of -.08. Statistical difference was only found
between the group 1 and group 3 with regard to model 1 at p ≤ .01.
Trust in Organizations. All groups indicated they would likely work with the
CLCD, LT, KN, and LSA. Statistical difference was found between group 1 and group 2
with regard to the NRCS WDNR at p ≤ .1 (see table 9). Statistical difference was also
found between group 1 and group 3 with regard to WDNR and LT at p ≤ .05 and p ≤ .1
respectively. There was no statistical difference found between group 2 and group 3.
Group 1 indicated they were most likely to work with knowledgeable neighbors with a
group mean response of .51 (1= likely, 2 = very likely). Group 2 indicated they were most
likely to work with the NRCS with a group mean response of 1.07. Group 3 indicated
they were most likely to work with the NRCS as well, with a group mean response of
1.17. On the other hand, the WNDR was the least supported organization among the six
investigated. Group 1 indicated their likelihood of partnering with the WDNR with a
mean response of -.33, group 2 had a mean response of .43 and group 3 had the highest
mean response with .86. Group 1 statistically differed from group 2 and group 3 with
regard to likelihood to work with the WDNR. There was no clear distinction in trust
among the three groups between local and state/federal based conservation
organizations.
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Table 9: Six conservation organizations investigated for respondent trust, group mean responses and
results of three independent sample t-tests to identify statistically different levels of trust among groups.
Red and green highlighting represents 2 highest and lowest group means. Significance: ***p ≤ .01, ** p ≤
.05, * p ≤. 10.

Conservation Priorities. All three groups mean responses indicted they believe it
is more important to continue management for grassland habitat than for continued
management specifically for Greater Prairie-Chicken. The mean group responses for
group 1, Group 2, and group 2 with regard to continued grassland management were
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.51, 1.21, 1.17 respectively (0= neutral, 1= important, 2= very important). Group 1,
group 2, and group 3 mean responses, with regard to continued Greater Prairie-Chicken
management, were -.16, .5, and .43 respectively. Group 1 thought both of these CWGCA
management priorities were less important than both group 2 and group 3. Group 1
only statistically differed from group 2 with regard to both final priorities. There was no
statistical difference found between the other groups.
Discussion
This study focused on understanding

farmers’

attitudes

towards

various

collaborative conservation approaches through two objective: (1) Develop a typology of
Central Wisconsin farmers based on collective belief systems toward collaborative
conservation approaches and (2) Explore differences and similarities that exist between
farmer groups. These objectives were designed to answer five questions including the
following: (1) Are there different types of farmers in the central Wisconsin landscape
based on underlying belief systems toward collaborative conservation, (2) How do
different farmer groups want to be involved in natural resource management, (3) Who
are different farmer groups most likely to work collaboratively with, (4) What
collaborative models do different farmer groups believe will be most effective, and (5)
how important are CWGCA objectives to farmers, specifically continued management of
the Greater Prairie-Chicken and grassland habitat management? Understanding the
answers to these questions as they relate to the future of this landscape is essential to
begin the process of strategically managing this landscape in the future.
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Farmer Typologies
The most critical result of this research was the clear identification of three
distinct farmer types through the Inverted R analysis. Group 1, “The Individuals”
consisted of 47 individuals (n=47) who prefer a more intimate one-on-one based
approach to collaboration. Group 2, “The Collaborators”, consisted of 15 individuals
(n=15) who prefer to be heard collectively with others who have similar viewpoints.
Group 3, “The Maintainers”, consisted of 7 individuals (n=7) who would like to be heard,
but believe the ultimate decision should be left to the officials. There were 27 residual
respondents (n=27) whose belief systems did not clearly align with a single group. All
three groups concurred that any regulatory actions or monetary incentives utilized for
grassland protection efforts in this landscape need to be done in a way that allows equal
application and access to all landowners. In addition, all groups agreed the government
shouldn’t be allowed to just dictate what is going to happen, but rather listen to local
stakeholders. This indicates that farmers and landowners want to be treated fairly. They
also want equal access to opportunities to partake in incentivized grassland habitat
protection. Finally, all farmer don’t want to be told what how to manage their land.
They would like their voices opinions and perspectives reflected in the decision making
process. This is confirmed by some of the open ended comments made by respondents,
including:
“A farmer needs to do what he needs to do to survive and we don’t need
mandatory regulation that cost us.” And “…Understand most farmers are
willing to learn new and better ways of doing things as am I. Show us new
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ideas, but let us be the ones who make the choice of which to use. We also
want to do what is best for our land and natural resources, but understand
our concerns, it is still our land.”
Unlike the other groups, group 1 believe decision making shouldn’t be left up to
locally elected officials with support from state and federal level experts. This is
confirmed by this group wanting to have ‘local decision makers listening to individuals
who are getting their hands dirty in the farming world.’ Group 2 believe involving the
general community will generate cooperation rather than create conflict. Group 1 and
group 3 believe the opposite, but do support the involvement of community members
to help resolve local issues. Unlike other groups, group 3 believes a formal board should
be created to advise local decision makers about how to best address grassland loss.
These results suggest that three different types of farmers exist. While they share
common belief systems toward use of resources and the role of the government, they
have distinctly different preferred methods of involvement in collaborative initiatives.
However, each group did clearly identify wanting to be involved in the planning process
by agreeing that decision-making officials should listen to local stakeholders.
Farmer Groups: Similarities and Differences
Inferential statistics were run via multiple ANOVA tests in order to identify
differences between farmer typologies. Various forms of landowner assistance,
collaborative models, agency trust, and importance of CWGCA priorities and objectives
were all used to identify differences among farmer groups.
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All farmer types believed that all forms of assistance regardless of farmer
typology can aid them to better manage for grassland habitat on their properties. More
specifically, a tax break, education, and technical assistance were the most notable
across all respondents and with all groups. This is supported by the literature (Mara,
2007; Reimer, 2013) which indicates that farmers desire a better understanding about
conservation programs as much or more than receiving a financial benefit. These results
indicate that Central Wisconsin resource managers can make big strides by providing
more educational and outreach based resources in order to inform private landowners
how to better improve working land via grass based agriculture.
Farmers in this landscape prefer a more intimate model of collaboration. While
not all of them prefer group based collaboration, they clearly are not interested in an
agency driven approach. Furthermore, they do not want decisions from higher
authorities to affect their day to day operations without first having an opportunity to
voice their opinions on how rules and regulations are designed and implemented.
Model 4, a one-on-one based approach to collaborative resource management, received
the most support across all individual respondents a well as all three groups. On the
other hand, Model 1, an Agency-Driven approach, was the least supported by all
individuals and all three groups. These results clearly articulate the desire of the Central
Wisconsin farmers to have their voice heard when it comes to local decision making.
Results varied with trust in organizations both in terms of all individual
respondents and farmer groups. The Individuals indicated they would be most likely to
work with knowledgeable neighbors, the Collaborators indicated they would be most
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likely to work with the NRCS, and the Maintainers indicated they would be most likely to
work with the NRCS as well. While none of the groups consistently indicated they
trusted or would prefer to work with a locally based organization over a larger agency or
vice-versa, it was clear whom they didn’t prefer to work. The Collaborators and the
maintainers indicated they would be least likely to collaborate with the WDNR. The
Individuals indicated it is unlikely they would work with the WDNR. These results
suggest there is a lack of trust with this state agency regardless of underlying belief
systems regarding collaboration. This poses a significant hurdle as the WDNR is the
agency most involved in this collaborative landscape at present.
Finally, two major CWGCA priorities focus on management of the Greater
Prairie-Chicken as well as management of grassland habitat. All individual respondents
as well as all three groups clearly indicated they believe it is more important to manage
for grassland habitat rather than specifically the Greater Prairie-Chicken. These results
indicate Central Wisconsin resource managers and the CWGCA need to shift their focus
from Greater Prairie-Chicken management to landscape scale grassland habitat
management. It is important to note that neither individual respondents nor the
identified groups indicated that Greater Prairie-Chicken management was unimportant,
but simply less important than grassland habitat management.
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Conclusions/Implications
Analysis of Central Wisconsin farmers and private landowners provides new
insight of farmers’ attitudes and belief system in this landscape. Previous research, by
Sharp and Thompson (2013) investigated Central Wisconsin resource managers’ ability
to work collaboratively with farmers, incorporate farmers’ goals and priorities in
decision making, and articulate CWGCA priorities and objectives. Much of their research
indicated there is a lack of contiguity between resource managers and farmers.
Furthermore, they found that resource managers don’t “speak farmer” very well (Sharp
& Thompson, 2013). This may be due to a lack of understanding of farmers’ priorities,
preferred method of collaboration, trust in representative agencies, and understanding
of CWGCA objectives.
This study acknowledged the gap that occurred, and then analyzed Central
Wisconsin Farmers in an attempt to better understand them. Three important results
were discovered. First, a one-size-fits-all method of collaboration will likely be
unsuccessful in this landscape. Different types of farmers exist based on collective belief
systems toward collaborative approaches. Furthermore, different farmer groups have
different attitudes towards how they want to be involved, the role the government
should play in collaboration, the focus of collaborative efforts, and the types of
assistance they need to better perform collaborative objectives. Consequently, this
indicates tailored methods of collaboration need to be implemented to increase efficacy
and likelihood of success. Second, there is a profound mistrust in the Wisconsin
Department of Natural Resources. All three groups similarly mistrust this agency. Results
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of this survey indicate that Central Wisconsin farmers are unlikely to partner with the
WDNR; this will ultimately limit stakeholder participation in initiatives led by this agency.
As a result the WNDR needs to move itself to the background of CWGCA collaborative
initiatives and allow another more trusted organization to be the leader. In addition, the
WDNR needs to asses why this mistrust exists and strategize to mitigate this mistrust for
future collaborative initiatives. Thirdly, all groups believe it is more important to protect
grassland habitat than specifically the Greater Prairie-Chicken. Consequently, the
priorities of this landscape level collaborative initiative need to shift in order to better
align with the priorities of the local stakeholders. While Greater Prairie-Chicken
protection may remain an overarching goal, it shouldn’t be the primary focus.
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Chapter 4: CONCLUSIONS: SUMMARY OF RESEARCH AND
RECOMMENDATIONS
Summary of Research
As we continue to debate the effects, solutions, and long term consequences of
our actions one thing remains certain; environmental degradation is a direct result of
human actions. Tremendous strides have been made to implement policy, science and
understanding in an attempt to slow or even reverse damages done. While there will
likely never be a single solution to the problems occurring, continuous investigation and
learning can aid in a deeper understanding and continue to progress society in the right
direction. These research chapters provide a deeper understanding of the strategic
conservation planning paradigm as tool to be utilized in the Central Wisconsin
Landscape. The knowledge gained here should be used to implement future policy, and
progress conservation attempts to preserve both grassland habitat and the Greater
Prairie-Chicken. The following reviews major findings and provides recommendations
for the future of this landscape.
Chapter 2: Geospatial Findings
Chapter II investigated two objectives focused on identifying and quantifying
Central Wisconsin’s land use changes and their effects on grassland habitat conversion
from 1992-2010 and quantifying Central Wisconsin’s remaining core grassland habitat.
Two separate but related geospatial analyses were conducted utilizing ArcGIS (v. 10.2.2)
and previously published methods by Thompson and Prokopy (2009), Sharp and
Thompson (2013) and Parent et al., (2007).
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In total Central Wisconsin as had 18% of its grassland habitat converted from
1992-2010 due to encroaching forestry, urban sprawl, and agriculture land uses. The
CWGCA has seen similar negative trends to the same three encroaching land uses,
resulting in a 15% reduction in grassland habitat. There remains 1.02 million acres of
fragmented grassland habitat across Central Wisconsin as a whole, and 280,044 acres of
fragmented grassland within the CWGCA Boundaries. In addition, 21 of the 192
townships in this study area resulted in an increase while 173 showed a loss of grassland
habitat. Only two of the townships which resulted in increasing grassland habitat were
located within the CWGCA.
A closer look at the current conditions of grassland habitat revealed
approximately 5% or 52,323 acres of core grassland habitat. This core grassland habitat
while meeting the minimum requirements remains highly fragmented and generally
inhabitable by GPC. However, 25,306 acres within the CWGCA boundaries remain more
closely clustered into three focal areas located in Southwestern Portage County (Buena
Vista focal area), Northeastern Wood County (Paul Olson focal area), and Western
Marathon/Eastern Clark Counties (Northern focal area). These focal areas remain the
most viable GPC habitat in Central Wisconsin yet only the Buena Vista and Paul Olson
focal areas have GPC present on them. These three focal areas collectively make up
48.36% of the total core grassland acres identified and only 2.4% of the total 1.02
million acres of grassland habitat present. These results provide a deeper insight in how
resource managers need to prioritize the Central Wisconsin Landscape at multiple scales
from macro (seven counties) to micro (townships and perhaps parcels).
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Chapter 3: Social Findings
Chapter III investigated farmers’ attitudes through two objectives aimed at
developing a typology of Central Wisconsin farmers based on collective belief systems
toward collaborative conservation approaches, and exploring differences and
similarities that exist between farmer groups. A complete census of a defined
population of farmers and private landowners was conducted following the methods of
O’Leary (2013), Dillman (2010), and Thompson et al., (2012). Both descriptive and
inferential statistics were used to complete the two objectives following the methods of
Thompson et al., (2010), DeVillis (2003).
Overall, the response rate was 35.8% yielding 112 (n=112) completed and
returned surveys. The overwhelming majority of respondents we indicated gross farm
sales of their operations were less than $100,000, while 44.7% indicated the gross farm
sales were greater than $100,000.
Results of the Inverted R analysis showed three types of famer groups exist in
the Central Wisconsin landscape. These three groups of farmers held similar beliefs
toward equal allocation of resources to protect grassland habitat and the GPC. They also
shared similar beliefs on assistance that would benefit them to more effectively manage
their properties for grassland habitat. Their belief differed in terms of how they would
like to be involved in collaborative conservation and the role the government should
play in collaborative resource management. These results confirm that multiple farmer
typologies exist in this landscape.
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All groups and individual respondents showed a lack of trust in the Wisconsin
Department of Natural Resources by indicating their unlikeness of partner with them.
Finally, all groups agreed the focus of collaborative resource management in this
landscape needs to be on protecting the grassland habitat, not the Greater PrairieChicken specifically. These results suggest the need to shift the focus of current CWGCA
collaborative objectives and that people of this landscape have a serious mistrust in the
WDNR.
Recommendations
The findings of Chapters II and III provide a new understanding of what is
happening in this landscape both ecologically and socially. Furthermore, these results
should allow for improvement of current strategies. The following provides suggestions
on how to implement the findings in a more strategic conservation based approach to
improve future management of this landscape.
Townships containing and adjacent to focal areas should be considered highest
priority. The plan should emphasize the importance of working land in creating
landscape permeability and connectivity in this landscape. Future research should assist
in developing techniques which promote this landscape permeability. We acknowledge
this is not a new idea and that this is a high priority of the current CWGCA management
plan. However, the results of this research provide the evidence necessary to support
fine scale planning which supports large scale objectives. This more strategic approach
will allow limited resources to be more effective. As with the old GPC Management Plan,
the new plan needs to emphasize the removal of woody species and promote grass and
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pasture based agriculture (Evans, 1968; Svedarskey et al, 2000). Providing educational
and technical assistance for farmers and landowners should be of high importance to
accomplish these objectives. Both educational and technical assistance were indicated
as important forms of assistance to help farmers and landowners better manage for
grassland habitat on their property.
Identifying these individuals is the next step. Once identified landowners need to
be pursued in a non-threatening manner which places equal emphasis their priorities as
well as CWGCA priorities. Providing them with the assistance they need may gain
stakeholder buy in necessary to support this work. This may require additional resources
such as farm biologists who act as both liaisons between the WNDR and private
landowners, as well as consultants providing private landowners with necessary one-onone assistance. This is consistent with the findings of s Sharp and Thompson (2013), who
revealed, the resource managers recruiting landowners need to be able to speak farmer,
understand their limitations, and share the decision making power.
Farmers and landowners want to be involved in collaborative resource
management. The emphasis of collaborative initiatives needs to be on the local
protection of grassland habitat as part of a larger landscape, as well as on improving
opportunities for grass based agriculture. Farmers and landowners placed more
importance on grassland habitat protection than on the GPC protection. Historically, the
GPC has been seen by some as a successful icon for this landscape level plan. However,
it has also been seen by some as a sinkhole not worthy of future investment (Sharp &
Thompson, 2013). Shifting the priorities to landscape level grassland habitat protection
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may provide the spur necessary to stimulate the involvement of new partners. This may
also remind landowners and farmers they are stewards of this land and are a part of
something much larger than just a local collaborative initiative. We acknowledge this is a
priority of current management. However, there has been a lack of understanding of the
people in this landscape. These results provide a medium by which we can begin to
work with landowners more effectively. We acknowledge with constricting budgets this
may be a daunting task. However, resources allocated to this landscape in a strategic
planning approach will create the most beneficial results with the least amount of input
(Amundson, 2011).
Finally, there is a large mistrust in the Wisconsin Department of Natural
Resources. This mistrust should not be taken lightly and understanding this mistrust
should be of the utmost importance. Consequently, it may be necessary for the WDNR
to step into the background while another agency or conservation organization takes
the lead, at least until this mistrust is better understood. This does not mean the WDNR
needs to be removed from collaborative partnerships. There does; however, need to be
a broader spectrum of partners available for stakeholders to collaborate with. This will
take careful coordination and communication. However, allowing another agency to
take charge may attract farmers and landowners who are deterred simply because of
the WDNR logo as the face of this collaborative initiative.
At this point the new Central Wisconsin Grassland Conservation Area
[Collaborative Management Plan] must oscillate between two questions: ‘Where should
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limited resources be allocated’ and ‘How should the people of those priority areas be
involved?’
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Figure 17: Example overlay between Spatial and Social components of Strategic Conservation
Planning
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Figure 16 represents an example of how the two halves of this research come
together in strategic conservation planning. Raised townships represent townships
within focal areas #1 and #2. The townships were designated by group based on
aggregate acres owned per farmer group. This overlay shows that in this area the
primary farmer group was group 1, “The Individuals”. Recruitment of farmers and
landowners should be through a more intimate one-on-one based approach in these
two focal areas and the surrounding townships. In addition, the table shows group
ranking by township based on aggregate acres. As previously mentioned a one size fits
all approach is unlikely to work in this landscape. As such, multiple tailored approaches
may be appropriate for a single township. This will remain largely dependent on
available resources.
The Central Wisconsin landscape remains the last stronghold of the Greater
Prairie-Chicken in Wisconsin. The results of this research provide insight necessary to
improve the fine scale focus of current CWGCA management strategies through
investigation of the Strategic Conservation Planning Paradigm. Lessons learned in this
research suggest a more strategic approach to grassland habitat and Greater PrairieChicken management of this landscape may aid in increasing efficacy and success of
large scale objectives as well as slow degradation of the Central Wisconsin Landscape.
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Application
The program goal of the Wisconsin Department of Natural Resources, set forth in
the 2004-2014 GPC Management Plan, is to “maintain a viable population of Greater
Prairie-Chickens in Wisconsin”. This program goal is further subdivided into nine long
term objectives, including the following:
GPC Ecological Objectives
1. Restore, monitor, and maintain genetic diversity within WI GPC
population
2. Develop, identify and define GPC population recovery parameters.

3.
4.
5.
6.

Habitat Protection Objectives
Reconnect core areas by creating and maintaining smaller stepping stone
grasslands strategically placed to facilitate GPC dispersal
Increase and improve GPC habitat on and between core areas to support
approximately 90 booming grounds distributed throughout GPC range
Continue management on current GPC management areas
Continue to evaluate potential sites for selection as GPC translocation
areas.

Stakeholder Engagement Objectives
7. Help maintain and promote predominantly agricultural use of GPC range
8. Establish and grow partnerships for grasslands and grassland wildlife
9. Raise public awareness for grasslands and GPC conservation
These objectives were designed to consummate three priorities including, the
following: “The development of a large interconnected range of suitable habitat,
restoring genetic heterozygosity, and retaining agriculture as a predominant
characteristic of the landscape” (WDNR, 2011). This section discusses the findings of this
research as they influence future management strategies to accomplish Habitat
Protection and Stakeholder Engagement objectives.
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Habitat Protection Objectives:
Goals 2 and 3 are very similar. Both goals focus on connection of core habitat
areas via stepping stone habitat, promoting increased and improved habitat, and
dispersal of the GPC between core habitat areas. These goals are targeted in the areas
between the Buena Vista, the Paul Olson, and the Mead wildlife areas. The plan
advocates for 1,500 to 2,000 acres of protected stepping stone grassland habitat
patches strategically placed near existing booming grounds (only currently present in
core habitat areas) between core areas. However, the plan does not clearly indicate if
this is 1,500 to 2,000 acres collectively or 1,500 to 2,000 acres per stepping stone
habitat patch.
Recommended Strategies. Efforts should concentrate on the townships of
Grant, Linwood, Rudolph, Sigel, Sherry, Carson, Eau Pleine, Milladore, and Buena
Vista/Plover to create habitat corridors. Special attention should be paid to the
townships of Grant and Buena Vista/Plover as they are townships which have been
severely impacted by grassland habitat conversion, yet retain large quantities of intact
grassland. These nine townships should be further analyzed to understand which of the
three primary land uses are hindering dispersal of the GPC. Parcels within these
townships should be identified and landowners should be contacted and made aware of
the importance of their property as it relates to grassland habitat protection goals.
Promoting and incentivizing the removal of fence lines and wooded areas as well as
permanent protection of open space on private land should be of the utmost
importance.
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Stakeholder Engagement Strategies:
Goals 6 and 7 are very similar as well. Both goals focus on establishing new
partnerships, growing current partnerships, and raising public awareness. The GPC
management plan proposes hiring a single GPC conservation coordinator to facilitate
communication between multiple partners. Due to a lack of information, the plan does
not further elaborate on social strategies.
Recommended Strategies. Efforts should promote collaboration among
conservation organizations. Landowners that want to be involved or seek more
information they should have a variety of partners to turn to, all of whom should be
equally informed and able to provide similar if not identical information. It should be of
high priority to increase variety of partners involved in this collaborative initiative.
A single individual should not be tasked with the responsibility of facilitating
collaboration in this landscape. Rather, all collaborative partners should be trained to
work with landowners and relay their priorities, ideas and opinions back to decision
makers. It may be advantageous for a single organization to take the lead in this
collaborative landscape while other organizations provide support through technical,
educational, financial resources.
Decisions made need to be transparent and reflect sound science in order to be
defensible. In addition, decisions should also reflect the opinions, priorities, and ideas of
stakeholders.
Final Recommendations. Successful conservation of grassland habitat and
grassland species in this landscape is going to require a dynamic, flexible, defensible
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management plan. Much like the Driftless Area Restoration Effort, this management
plan must focus on working collaborative partnerships with shared power among a wide
variety of partners. Above all, hiring multi-disciplinary trained scientists and training
current scientists, educators, and outreach specialists to work with landowners and
other organizations in a constructive collaborative manner should be of the utmost
importance.
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Appendix A: Landscape Changes and Habitat loss
A 1: Reclassification of 2010 cropland data layer from original classification to 10
aggregate category classification scheme performed in objective 1 step A
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A 2: Reclassification of 1992 Wiscland data layer from original classification to 10
aggregate category classification scheme performed in Objective 1 step A
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A 3: Correction overlay Ch.1 Objective 1 to more accurately represent
urban sprawl. White areas represent areas remove by urban and roadway
overlay.
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Appendix B: Current Conditions
B 1: Before and after correction step to more accurately quantify core
grassland performed in analysis 2 objective 2.
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Appendix C - Survey Tool
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Appendix D – Approaches Statements Scale Development

D 1: Rotated Component Matrix Exploratory Factor Analysis.
Rotated Component Matrix

a

Component

Exploratory Factor Analysis
1
Efforts focus on ensuring that any regulation to address grassland habitat
loss is consistent so that all landowners are held to the same standards.
The focus is on improving working lands through strategies that increase
opportunities for pasture based agriculture.
Resources are allocated to landowners to assist them in developing
written plans to provide grassland habitat on their farms.
Experts work cooperatively with the farmers and landowners to identify
solutions to grassland habitat loss.
Government doesn’t just dictate what is going to happen, but listens to the
people who are truly getting their hands dirty in the farming world.
Efforts focus on ensuring that all landowners have equal access to
available funding to address habitat protection.
A written plan is developed for the entire county that provides rural
landowners with recommendations for how to provide grassland habitat.
Landowners are simply made aware of the issues causing habitat loss in
their communities and left alone to correct those issues.
Decision making is left to officials who are locally elected with assistance
from experts at the state or federal levels.
Efforts target major issues causing habitat loss by placing stricter
regulations on landowners whose property is more likely to contribute to
the problem than those whose property is not.
A formal board is created to provide advice to local government about how
to address grassland habitat loss in the rural landscape.
Efforts target major issues by providing available funding only to those
landowners whose land has the most potential to make the most impact.
The focus is on enhancing recreational opportunities through efforts to
improve areas for hunting and fishing.
The focus is on protecting priority areas, such as land that exists near
already protected grassland habitat.
The general public is not allowed in on the process as it is more likely to
create conflict than to generate cooperation.
Community members help figure out what issues need to be addressed,
but farmers and landowners are allowed to decide how to implement
solutions.
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2

3

4

5

.745 .096 -.046 .062 .047
.745 -.074 .069 .250 .177
.618 .509 .287 -.006 -.020
.578 .429 .183 -.116 -.010
.508 .078 .353 .292 .165
-.037 .869 .036 .024 -.048
.484 .700 .002 .096 -.078
.183 .519 .380 .271 .132
.234 .380 .333 .342 .139
.151 -.021 -.795 .079 .049
.324 .179 .601 -.031 .157
.450 .165 .575 .061 -.019
.120 .182 -.147 .818 .006
.105 -.134 .567 .600 .019
-.104 .250 -.057 .081 -.797

.045 .466 -.033 .198 .653

D 2: Rotated Component Matrix – Confirmatory Factory Analysis
Rotated Component Matrix a
Confirmatory Factor Analysis

Component
1

Landowners are simply made aware of the issues causing habitat loss in
their communities and left alone to correct those issues.
A formal board is created to provide advice to local government about how
to address grassland habitat loss in the rural landscape.
Efforts target major issues causing habitat loss by placing stricter
regulations on landowners whose property is more likely to contribute to
the problem than those whose property is not.
Decision making is left to officials who are locally elected with assistance
from experts at the state or federal levels.
The focus is on protecting priority areas, such as land that exists near
already protected grassland habitat.
The focus is on enhancing recreational opportunities through efforts to
improve areas for hunting and fishing.
The focus is on improving working lands through strategies that increase
opportunities for pasture based agriculture.
Efforts focus on ensuring that any regulation to address grassland habitat
loss is consistent so that all landowners are held to the same standards.
Efforts target major issues by providing available funding only to those
landowners whose land has the most potential to make the most impact.
Community members help figure out what issues need to be addressed,
but farmers and landowners are allowed to decide how to implement
Government doesn’t just dictate what is going to happen, but listens to the
people who are truly getting their hands dirty in the farming world.
Efforts focus on ensuring that all landowners have equal access to
available funding to address habitat protection.
Resources are allocated to landowners to assist them in developing
written plans to provide grassland habitat on their farms.
Experts work cooperatively with the farmers and landowners to identify
solutions to grassland habitat loss.
A written plan is developed for the entire county that provides rural
landowners with recommendations for how to provide grassland habitat.
The general public is not allowed in on the process as it is more likely to
create conflict than to generate cooperation.
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2

3

-.718 .370 -.030
.659 .207 .228
.655 .155 .183
.654 .181 -.173
.502 .484 .076
.438 .418 .265
.278 .704 -.035
.131 .607 .180
-.005 .488 .098
.045 .471 .240
.017 .021 .825
.109 .410 .743
.405 .402 .581
.282 .351 .507
.447 .253 .455
-.125 -.383 .436

Appendix E – Inverted R Matrix
E 1: Inverted R Matrix – Used to appoint groups membership to respondents in
analysis
Component Matrix

a

Component
Gr.1

Gr.2

Gr. 3

Gr. 0

1

2

3

4

5

6

7

8

9

var023

.930

-.182

.159

-.050

-.071

-.230

-.012

.019

-.128

var029

.868

-.173

-.010

-.159

-.267

-.128

-.060

-.283

-.140

var008

.859

.180

.094

.201

.312

-.022

.184

.212

-.059

var022

.857

-.237

-.296

.125

.163

.107

.082

-.237

-.068

var015

.855

-.135

-.450

-.171

.002

.062

.015

.103

-.065

var007

.851

.055

-.410

-.047

.110

-.218

-.062

-.118

-.156

var056

.845

.073

.349

.040

-.341

.011

-.156

-.126

.022

var047

.838

-.093

-.137

-.206

.167

-.073

-.203

-.340

.194

var054

.825

-.216

-.410

-.013

-.211

.094

.149

-.033

-.165

var081

.825

-.129

-.472

.173

-.100

.106

-.125

-.041

.110

var071

.822

.269

.305

-.091

.114

.304

-.210

.014

-.034

var066

.818

-.072

-.105

.469

-.245

.170

-.014

.058

.040

var090

.817

-.283

.148

-.019

.360

-.216

.213

-.006

-.093

var058

.813

-.194

-.169

-.321

.137

-.133

-.105

-.343

-.073

var086

.806

.037

.048

-.372

-.335

.174

.136

-.164

-.142

var080

.803

.053

.426

.029

.362

.103

-.062

-.059

-.144

var070

.798

.469

.180

-.068

-.144

.164

-.057

.232

.035

var030

.784

.375

-.303

.093

-.177

.258

.028

-.207

.057

var046

.775

.286

-.309

-.109

-.225

.183

.350

-.030

-.046

var036

.772

.297

-.406

.050

-.319

.076

-.163

-.047

.105

var041

.772

-.052

.127

-.520

-.273

-.164

.104

-.030

-.046

var026

.771

-.312

-.101

-.115

-.084

.303

-.395

.138

.106

var001

.766

-.185

.479

-.122

.196

.070

-.190

-.009

.237

var005

.764

-.264

-.237

.179

.337

-.071

.205

.312

-.032

var032

.764

-.264

-.237

.179

.337

-.071

.205

.312

-.032

var006

.760

-.375

-.320

-.104

.005

.285

-.284

.051

.061

var016

.742

.025

-.140

-.076

-.589

-.012

-.242

-.090

.095

var057

.719

.368

-.339

-.067

.010

-.074

.318

.343

-.064

var028

.703

.531

-.206

.302

.216

.083

-.121

-.016

-.148

var068

.699

.140

.433

.068

-.486

-.031

-.216

.101

-.080

var073

.693

-.266

-.067

-.509

.104

-.401

.054

-.097

-.042

var084

.691

.103

.150

.149

.503

.193

-.376

-.178

-.058

var049

.677

-.062

.270

-.095

.558

.243

-.045

-.029

.288

var048

.673

-.228

-.109

-.157

.405

-.377

-.278

.161

-.223

var082

.666

.025

.620

-.220

.068

-.038

.241

.089

-.227

var063

.647

-.240

-.268

.416

.355

-.007

-.244

-.008

-.306

var020

.635

.593

.005

-.014

-.129

-.256

.228

.075

-.325

var061

.626

.247

.292

-.092

.314

-.284

-.172

-.378

.319

var017

.610

.388

-.137

.129

.253

-.535

-.027

-.264

.146

var052

.598

.588

.106

-.129

.424

.112

.229

-.139

-.062

133

var018

.577

-.178

.395

-.268

-.427

.257

-.112

.047

-.379

var089

.568

-.183

.432

-.277

.151

.269

-.042

.248

.472

var013

.533

-.402

.050

.515

-.442

-.106

-.071

-.030

.272

var021

.516

-.404

.063

.157

-.018

-.494

.345

-.025

.422

var079

.500

.474

.419

-.420

.186

-.070

.142

-.335

.022

var040

.485

-.337

.363

.433

.143

.394

.224

.249

.210

var095

.042

.847

.204

.274

.274

-.261

-.138

.020

-.031

var031

-.051

.787

-.414

.145

.378

.136

.135

.080

.006

var065

.381

-.784

-.136

.283

.185

-.268

.119

-.139

-.054

var072

.017

.766

.309

.154

-.138

-.038

.508

.122

-.004

var069

.551

.708

-.251

.262

.198

-.048

.123

-.074

-.030

var091

.582

.703

-.118

-.052

.077

.165

.257

-.220

.046

var053

.146

-.688

-.612

.098

.103

.247

.139

-.166

.059

var051

.091

.675

-.385

.082

-.213

-.155

-.516

.130

.169

var009

-.016

.659

.140

.529

-.411

-.134

.073

.050

.269

var088

-.147

-.658

.515

.272

.007

-.041

-.313

.020

-.326

var055

.409

-.636

.090

.182

.104

-.147

-.481

-.350

-.009

var092

.206

.627

.103

.076

-.004

-.420

-.404

.453

.058

var074

.316

.627

.565

.183

-.094

-.016

.379

.038

-.029

var010

.359

-.623

-.029

.512

-.096

.210

.252

-.268

.178

var011

.278

.610

.161

-.081

.308

.440

-.101

-.451

-.125

var076

.496

-.593

.360

-.059

-.170

.101

-.228

.213

.364

var044

.413

.588

-.009

.219

.032

.408

-.472

-.180

-.117

var043

.178

.587

-.553

.200

-.001

-.094

-.464

.147

.179

var060

-.329

.537

-.360

-.391

.117

-.096

.070

-.455

.293

var012

.425

.441

-.294

.424

-.338

-.287

.248

-.112

.297

var067

.159

.073

-.898

-.015

.164

.069

.282

.227

.016

var045

.197

.048

.739

.217

.363

-.321

-.197

.299

-.051

var002

.640

.019

.710

-.026

-.013

-.036

.248

.029

-.143

var033

.444

-.143

.660

-.284

-.126

.360

-.025

.346

.018

var027

.589

.146

-.650

.068

.212

.100

.330

.202

-.016

var064

.584

.450

.648

.131

.056

.050

.013

-.097

-.063

var025

-.089

-.379

.605

.593

-.060

-.274

.027

.127

.189

var062

.355

-.174

-.117

.855

-.080

.083

.120

.237

.125

var085

.413

-.048

-.009

.826

.240

.289

-.040

.023

.044

var037

-.225

-.331

-.365

.788

.145

.073

.198

-.133

-.037

var075

.270

-.252

-.387

-.644

.247

-.317

.265

.254

-.061

var096

.493

-.325

-.221

.608

-.198

-.186

-.138

-.320

.192

var038

.385

-.441

-.247

-.608

-.334

.315

-.033

.106

-.057

var034

.474

-.509

-.278

-.583

.066

.187

.003

.023

.242

var087

-.031

.455

.524

.568

-.084

.396

-.019

-.124

-.121

var035

.076

.441

-.231

.083

-.761

-.220

.152

-.286

.088

var019

-.341

-.030

-.170

.458

.760

.183

-.128

-.109

.072

var039

.207

-.118

.429

.158

.737

-.373

-.152

.029

.167

var083

.279

-.218

.351

.347

-.608

-.348

-.033

.033

-.371
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var093

-.191

-.081

-.360

-.294

.586

var077

.493

-.062

.279

-.267

var003

.167

-.147

.281

-.401

var050

-.369

.576

-.015

-.234

var094

.454

-.284

.188

-.017

var004

.307

-.045

-.406

-.074

var078

.236

-.388

.400

var059

.617

.185

-.208

var042

.580

.301

-.266

var024

.020

.286

.457

var014

.316

-.253

-.325

.516

.129

.216

-.336

.646

.182

-.200

.018

.516

-.598

.293

.031

-.008

.065

.592

-.183

.262

.143

-.284

-.193

.549

-.376

.342

-.455

-.375

-.498

.337

.153

.293

.096

.437

.474

.310

.164

-.178

-.128

.040

-.210

.659

.116

-.011

.075

-.359

.036

.605

-.020

-.328

-.431

-.107

.114

.190

.595

.444

-.443

.113

.261

.238

-.446

E 2: Inverted R – Scree plot.
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.261

Appendix F – Chi Square
F1: Results of Chi Squared analysis conducted on the four comparative variables. Significant difference at
P≤.05
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