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Executive Summary
In 2010, the Ozaukee County Planning and Parks Department received Great Lakes Restoration
Initiative funding administered through the U.S. Environmental Protection Agency (USEPA) and
Wisconsin Coastal Management Program (WCMP) funding administered through the Wisconsin
Department of Administration to complete and refine a Fish and Wildlife GIS-based Decision
Support Tool (Tool). The Tool identifies native fish and wildlife Species of Local Conservation
Interest (SLCI) for planning, based on extensive research, inventories and modeling, and
identifies critical habitats important to ensuring the survival of native fish and wildlife,
especially SLCIs. The Tool enables planners and decision makers to identify and prioritize areas
where the investment of limited conservation dollars will provide maximum benefit to the most
critical fish and wildlife species based on species’ habitat requirements. It also provides
partners with two key planning tools: 1) checklists of species diversity in the region with
extensive rankings of species conservation status and information on their habitat
requirements, and 2) GIS-based tools for mapping best value existing habitats and potential
habitat restoration areas.
Ozaukee County, the Wisconsin Department of Natural Resources (WDNR), and its partners are
using Tool outputs to generate data to prioritize County planning, landowner outreach, and
habitat protection and restoration activities. Tool outputs are now guiding multiple large scale
habitat improvement and restoration projects, including: 1) a pilot-project wetland restoration
on Sandhill Creek to improve lateral hydrologic connectivity to the floodplain (completed in
2012); 2) stream re-meandering, restoration of hydrologically and biologically functional
floodplains, bank and in-stream structure restoration, wetland enhancements, fish and wildlife
habitat improvements, invasive vegetation control, and native vegetation restoration on WDNR
easements on approximately 1 mile of Mole Creek (the County’s only cool/coldwater stream);
and 3) habitat restorations on multiple private properties on approximately 1 mile of Ulao
Creek in cooperation with the Ulao Creek Partnership and other non-governmental
organizations.
We detail the Tool habitat modeling processes and provide example maps of species habitat
rankings. The maps represent Tool output and indicate predicted high quality suitable habitat
areas for species under various model assumptions. The Tool identifies where habitat
restoration or enhancement will result in best value additional critical habitat suitable for the
target species, and allows for the overlaying of social factors such as cost, ownership and
regional planning zones to assist with spatial planning for habitat conservation and restoration.
Ultimately, Tool outputs will allow stakeholders and natural resource managers in southeast
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Wisconsin to prioritize property management, acquisition, and fee-simple and easement
projects for maximum ecological value. The Tool is referenced and included in multiple planning
documents including updates to the Park and Open Space Plan for Ozaukee County.
The Species Checklists are another important new tool for local conservation planning, for the
first time identifying and ranking the local conservation status of species and providing
information on their habitat requirements. We identified 144 Species of Local Conservation
Interest: 7 mussel, 2 crayfish, 34 fish, 4 amphibian, 10 reptile, 65 bird, and 22 mammal species.
Highlights of this work included discovery of a new native crayfish species for the state (Digger
Crayfish), now known from two sites in northern Ozaukee County and three Milwaukee County
sites. New populations of other rare species were also discovered, such as Prairie Crayfish,
Banded Darter, Least Darter; and new county records for Spiny Softshell and Northern Map
turtles. These checklists will assist in determining which species might be supported on
properties, and which species should be the focus of management and conservation actions.
The Species Checklists and Wildlife Tool are living documents, and will be improved with more
use, testing, and as new survey data are acquired.
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1.

Introduction

This report presents the development of the Fish and Wildlife Habitat Decision Support Tool (Tool)
described previously in Kline et al. (2006). The Tool is a set of GIS-based models addressing the role of
wetland protection and restoration within the larger context of landscape-based wildlife habitat
conservation. The models can be used to set priorities, develop data layers, and perform data processing
addressing the role of ecological indicators and species conservation assessments in wetland, water
quality, floodwater storage and land use planning. Supplementing the modeling Tool are comprehensive
biodiversity assessment data, centered on species checklists, local conservation rankings, and
occurrence databases for the study area. The Tool and its processes significantly advance conservation
planning in Wisconsin by introducing methodology for selecting species of local conservation interest
that are largely undiscoverable through prior methods which incorporated only state-wide rankings, and
for selecting focal species to represent specific habitat conservation initiatives. These methodologies are
expected to be further refined with wider use and testing. The project consists of two parallel
investigations: collection of biodiversity data important to conservation planning with local conservation
ranking assessments, and tools for modeling existing and potentially restorable fish and wildlife habitat
for improving conservation planning. The biodiversity initiative is based on empirical data collection
collated in databases and spatial GIS layers, and summarized in checklist format for quick reference in
planning. The modeling provides theoretical tools for predicting where the highest quality fish and
wildlife habitat currently exists, and spatially assessing where the best value can be achieved when
selecting sites for habitat enhancement and restoration. We evaluate how these tools compare to prior
initiatives, and how model results compare to known species distribution data.
A primary objective of this project is to provide habitat restoration project managers with tools for
improving fish and wildlife habitat, including for mammals, birds, reptiles, amphibians, and
invertebrates. Our species focus is to some a reductionist approach, contrasting with increasingly
popular ecosystem approaches. While some believe a focus on single species management should be a
thing of the past, this approach remains necessary for planning and implementing broadly successful
habitat projects that will provide benefits at all levels: ecosystem, community, population and individual
species. Species and populations can be unintentionally harmed when they are not included in planning.
Our "bottom-up" approach begins with identifying individual species of conservation concern within a
project area. These are then overlain with larger scale ecosystem planning results ("top down"
approach), allowing for a deeper understanding of conservation contexts and concerns in a project area.
Both methods are equally valuable, and the best planning incorporates both approaches (McHattie et al.
1995).
A second objective is to provide the means for "cross-realm" planning (e.g., aquatic and terrestrial
habitats), which can address coupled processes that sustain biodiversity and ecosystem functions,
thereby minimizing threats (Adams et al. 2014). Current planning often does not assess how individual
conservation actions have impacts across realms (e.g., how water quality projects affect semi-aquatic
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wildlife species). We provide tools for cross-realm planning and a conceptual framework for considering
tradeoffs between multiple realms (e.g., aquatic and terrestrial, biological and social).
Why Wildlife?
Wetland restoration and protection is often driven primarily by concerns over flood abatement and
water quality improvements, especially in regional land use planning. Many communities have made
large investments in flood abatement and water quality modeling, and these wetland functions are well
studied and have gained wide acceptance (i.e., Southeastern Wisconsin Regional Planning Commission
2003, 2011; Wisconsin Watersheds 2010). Many federal and state grant programs exist to improve
water quality and flood control. Recognizing the wildlife habitat value of wetlands in land use planning,
however, has generally been approached in reverse, where existing green space is mapped (including
wildlife preserves) and wildlife species using it are then recognized (Southeastern Wisconsin Regional
Planning Commission 1997). This process assigns a wildlife habitat value to parcels that are already
recognized for other reasons (usually flood abatement and water quality, sometimes agriculture, parks
or other green space values). Rarely is wildlife habitat value a primary driver for preserving green space
in land use planning. A variety of wildlife habitat preservation and restoration programs independent of
land use planning do exist, usually targeting particular species (i.e., waterfowl, trout, etc.), but are often
constrained by land use planning decisions limiting where preservation can be applied. Therefore a need
exists to better incorporate holistic, ecologically based, planning for wildlife habitat into land use
planning processes, focused on preserving and enhancing native species diversity, especially non-game
species, and species not addressed by other independent initiatives.
“Loss of fish and wildlife habitat” has been identified as a Beneficial Use Impairment (BUI) in the
Milwaukee Estuary Area of Concern (Wisconsin Department of Natural Resources 1991, SEH and ECT
2008), and is applicable to impaired streams in Ozaukee County. This BUI addresses Wilson’s Law: If you
save the living environment, you will automatically save the physical environment. But if you only try to
save the physical environment, you will lose them both (Wilson 2009). E. O. Wilson, the influential
scholar and two-time Pulitzer Prize winner, is well known for his contributions to the science of
sociobiology, and recently launched the Encyclopedia of Life (http://www.eol.org/). He argues that the
public clearly understands the need for addressing physical environmental problems, such as air and
water quality, but that we are not making adequate headway in preventing the destruction of
ecosystems and species, the living environment, where a major mass extinction event is well underway
(Leitner et al. 2008, Barnosky et al. 2011). This despite mounting evidence that preservation of
ecosystems and interaction with nature is essential for human health and well being, as so eloquently
articulated in Richard Louv’s book Last Child in the Woods: Saving Our Children From Nature-Deficit
Disorder (Louv 2005).
Delegating wildlife habitat needs to a secondary position in planning has some foreseeable
consequences. Since the critical habitat needs of fish and wildlife species only partially coincide with the
criteria important for flood abatement and for improving water quality, in developing landscapes where
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fish and wildlife species needs are not sufficiently considered in land use planning we can expect species
richness and populations to decline, and perhaps disappear. Moreover, since different species have
different habitat requirements, species whose habitat needs are least met by land use planning criteria
will be most impacted, while species whose habitat needs are well met by land use planning criteria
should persist. For example, Raccoons (a generalist, adaptable species) meet all their needs in typical
rural and suburban landscapes, where their numbers are increasing (Bluett and Craven 1985). In
contrast, Red-shouldered Hawks, which require fairly large patches of mature forest along streams, are
declining (Cutright et al. 2006).
An analysis of the latest IUCN Red List of Threatened Species (IUCN 2014) illustrates the ongoing wildlife
crisis of declining populations and species extinctions. The global species extinction numbers are bleak,
with >22,000 species considered threatened. The number of threatened species (as a percent of species
evaluated) includes 26% of mammals, 13% of birds, and 41% of amphibians. A global analysis estimates
that between 1970 and 2010 populations of mammals, birds, reptiles, amphibians, and fish declined by
52% (WWF 2014), largely due to co-opting of resources to support a burgeoning human population.
Preservation of ecosystems is essential for maintaining the life support systems and natural resources
we depend upon for survival.
The Wisconsin extinction crisis was addressed in the recent publication The Vanishing Present:
Wisconsin’s Changing Lands, Waters, and Wildlife (Waller and Rooney 2008). Chapters on the status of
Milwaukee County amphibians, reptiles, breeding birds and flora estimated species losses of 44%, 47%,
37%, and 37%, respectively, due largely to habitat loss and degradation, including the transformation of
habitats by invasive species. These stark losses of species richness are reversible to some extent,
through habitat restorations, and subsequent repatriation of species to establish functional
communities. Clearly, preservation of wildlife species richness could be improved in Milwaukee County
land use planning, and under current planning paradigms continuing losses are predicted (op. cit.). This
is despite Milwaukee County having one of the best park systems in the nation, with over 140 parks and
parkways totaling nearly 15,000 acres, dating back to the early 1900s, and with many good spatial
connections accomplished through “green belt” planning along lakefronts and riverways, with park lands
selected for natural beauty and various forms of active and passive recreation (Milwaukee County Parks
2013). Surprisingly, such foresight in urban planning could not overcome the biological constraints (see
below) that eventually limited the occurrence of many fish and wildlife species as urbanization
proceeded.
Given the extent of development in the Milwaukee River Basin, land use planning decisions will continue
to constrain what species of wildlife will persist at levels future generations can enjoy. At risk are many
familiar species, such as mussels, butterflies, ducks and frogs, which enjoy overwhelming support for
preservation by the public. Therefore, recognizing their habitat needs, and explicitly planning for them,
is needed. Our Fish and Wildlife Habitat Decision Support Tool will assist communities in preserving their
native wildlife through planning that accounts for the actual needs of wildlife. This direct approach
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recognizes that wildlife habitat needs are complex, and that upland as well as wetland habitats are
required, with proper spatial connectivity. Only by proper planning for wildlife needs can a community
expect future generations to have the opportunities to enjoy wildlife. Having these opportunities
preserved within neighborhoods, rather than delegated to parks many miles away, has many benefits
for human health and well being, and is simply good stewardship of our natural resources. Such planning
is also a proactive solution to “nature-deficit disorder,” a condition recognized from studies showing
that interaction with nature is essential to the development of mental, physical and spiritual health in
children, and to the maintenance of these qualities in adults (Louv 2005). A disconnect from, and lack of
appreciation for, nature has also been cited as a major obstacle to recruiting new hunters from today’s
youth (Nelson 2006).
The Fish and Wildlife Habitat Decision Support Tool allows for planning which addresses the ecosystem
as a whole, the physical and living environment, and how they interact. It ranks potential restoration
sites for wildlife value based on existing land conditions. This landscape-based approach identifies areas
with high wildlife preservation and restoration potential, as well as areas where wildlife species are
expected to be lost. Even where wildlife value is not a primary objective in land use and wetland
restoration planning, our tool allows restoration sites to be chosen for maximum benefit to wildlife
where other considerations are equal, and we encourage its use in this manner.
Species Checklists
No system can be adequately evaluated without having baseline data on historical and existing
conditions to first understand what has been lost, and to allow for comparisons to later restored
conditions – otherwise one cannot really know what one “fixed” (Waller and Rooney 2008). We begin to
fill this knowledge gap through the production of Species Checklists. Additional Checklist production is
needed for groups not addressed in this project (i.e., most invertebrates, plants). Understanding how
species richness is expected to change in response to restoration actions, with metrics on species
richness and/or populations, is essential for proper planning, so that the appropriate habitats and
species are addressed, and measures of success are available. Simply creating or enhancing habitat may
or may not benefit the desired fish and wildlife species if barriers exist to colonization of new habitats
from nearby source populations (Forman et al. 2003), or if habitat restorations are missing critical
habitat features such as minimum area, nest sites, den sites or other species-specific constraints
(Ahlering and Faaborg 2006, Bogan et al. 2008, Ribic et al. 2009). In this regard birds, bats, and some
insects, being highly mobile, are rarely impeded by barriers (but other habitat and social constraints
apply), and therefore restoration planning is usually more successful when less mobile species are used
to represent the full species richness of the community. The ability to colonize new habitats is directly
related to the isolation of the habitat (distance to existing habitats and physical or other barriers
between habitats), and the mobility of the species. Groups such as salamanders, for example, are
particularly problematic in fragmented landscapes, due to their poor mobility and inability to cross many
barriers (Greenwald et al. 2009). In sum, the paradigm “if you build it they will come” often works for
birds and other highly mobile species, but not for much else.
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Constraints
Two sets of constraints apply to any successful wildlife conservation program, a paradigm developed by
Dodd and Seigel (Dodd and Seigel 1991, Seigel and Dodd 2000, Dodd 2001).
Biological Constraints are the immutable requirements for a species survival imposed by its
adaptation to the environment over long evolutionary periods (thousands to millions of years).
These include food preferences, dietary needs, specific habitat requirements, social behaviors,
environmental tolerance limits (i.e., temperature), predator tolerance, life table parameters, and
more. If a species requires a certain type and amount of habitat to support a viable population, or a
specific diet, no amount of human desire will change those requirements. We cannot simply tell the
eagle to eat wheat, or the fish to live on land.
Social Constraints describe the limits within which human activities are able to perform. These
constraints include finances, manpower, public support, political support, habitat availability,
logistics, and many other factors associated with implementing conservation programs. While
important, these constraints are usually flexible, sometimes wildly so based on human desire to
prioritize resources. They are always more flexible than the Biological Constraints.
If the Biological Constraints are breached, then regardless of our best intentions the conservation
program will fail. These constraints are not “negotiable”, being set by evolution and the physical
limits of the species. Moreover, if the Social Constraints are inadequate, or are used to override
or compromise the Biological Constraints, then the program will fail, no matter how noble the
intentions of the human participants.
Recognizing these basic constraints is vitally important to successful wildlife conservation, yet they are
easily lost when forced to make decisions in the imperfect real world. The ability to recognize where
these constraints cannot be met is just as important as the ability to adhere to them when they can be
met, in order to direct scarce resources to successful projects. Conservation biologists must often make
informed decisions on the limits of the Biological Constraints where these parameters are not known
with firm certainty (for example, an unknown host plant for a butterfly, or uncertain age of reproduction
and litter size in a rare shrew). Such uncertainties are common with rare species, where funding for
basic life history research is scarce, and important parameters such as minimum viable population size
or critical habitat needs remain poorly defined. This makes work challenging when conservation plans
must be implemented despite a lack of comprehensive data. For this reason, many conservation plans
rely upon surrogates, and umbrella species concepts, for assessing the Biological Constraints to
conservation for poorly studied species, and communicating these concepts to the public.
Focal Species Concept
In order to be considered successful, fish and wildlife habitat restoration proposals must identify the fish
and wildlife species being restored, and then demonstrate that habitat of a type, size and quality
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sufficient to maintain or enhance viable populations of these species will be achieved. Alternatively, in
the special case of transient habitat use such as by migratory birds and bats, or spawning fish, the
habitat must offer a clear benefit to the wildlife species, such as food or shelter, during its stay in the
area. This task is addressed through the use of a Focal Species Concept (Anderson and Jenkins 2006),
where Focal Species are selected to, a) represent the habitat requirements of broader species suites
identified as being of conservation interest (i.e., spawning fish, migratory birds, ephemeral pond
breeding amphibians), or b) are individual species targeted for restoration or enhancement (such as rare
or listed species). The habitat requirements of the Focal Species are then utilized in developing
restoration proposals which can support these species, meeting their specific Biological Constraints, and
therefore can be reasonably expected to qualify for success in meeting restoration goals. This process
follows several steps.
Steps in the Selection of Focal Species:
A. Develop comprehensive Species Checklists. These are lists of species that could be supported
in a project area. The checklists are derived from a review of all available data, including various
databases, the literature (field guides, primary literature), museum data, and unpublished field
notes, and often including wildlife surveys conducted for the project. With few exceptions, these
data are treated as presence-only records, since the sampling effort necessary for surveys to
rule out Type II errors (false absence) is rarely achieved. Data should be reviewed for Type I
(false presence) and Type II errors as thoroughly as possible. This process is somewhat akin to a
rapid ecological assessment, but focused on potential species occurrence in the project area.
B. Filter this list for Species of Local Conservation Interest (SLCI). SLCIs are species that are, a)
listed as state or federally Endangered, Threatened or Special Concern; b) listed as Species of
Greatest Conservation Need in the State Wildlife Action Plan (Wisconsin Department of Natural
Resources 2005); c) considered to be locally rare or declining; or d) species that are of social
value to stakeholders and considered to be desirable to the community.
C. Evaluate the SLCI to determine which species could be supported in the project area given the
biological and social constraints on the system, and the critical habitat needs of the species.
D. Select from Step C a smaller list of Focal Species representative of habitats or species that can
be realistically restored or enhanced in the project area. Focal Species may include Keystone,
Umbrella and Flagship species:
Keystone Species (Paine 1995) play essential roles in an ecosystem, often providing critical
habitat or services without which an entire ecosystem can be disrupted and cascading
extinctions result. Nitrogen fixing bacteria, for example, are keystone species whose loss
would result in the extinction of most life on earth. Likewise, the American Beaver creates
wetland habitat, and burrowing crayfish create burrows used by many other species as
refuges. Keystone species can also be disruptive, limiting other species success, such as
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where over-browsing by White-tailed Deer eliminates many other species from a
community.
Umbrella Species (Roberge and Angelstam 2004) are species representative of habitats
and/or resources which also support a variety of other species. As a result, conservation
efforts aimed at umbrella species are likely to generate broad conservation benefits for
many species. Umbrella species typically have large area requirements, specific well defined
habitat requirements, well understood life histories (ideally subject to ongoing monitoring
studies), and good chances for population stability or reintroduction to areas prioritized for
conservation efforts. For example, Grizzly Bears have been used as an umbrella species for
the design of landscape connectivity in the Rocky Mountains.
Flagship Species (Veríssimo et al. 2011) are charismatic popular species that help attract
public support for conservation actions (i.e., Giant Panda, Salmon).
Baseline Data
The collection of baseline data is essential for proper understanding of existing conditions, and to
develop a historical context to inform a plan for restoring a feasible level of species richness to a study
area. The general objective is to determine what species used to be present (the past), how many
species have been lost (the present), and what species can be feasibly restored (the future). Funding for
such studies, which generally take several years, is often difficult to realize. However, using inadequate
baseline data (or ignoring it altogether) can and does result in real harm, where sensitive species
existing on parcels can be overlooked and planning fail to account for their needs. Populations can be
harmed or even unknowingly eliminated during restoration activities, and species may fail to recolonize
restored habitats as expected if biological constraints were improperly addressed or compromised.
Examples of grading over protected species are known, likely causing population extirpations in some
cases. In urban landscapes with heavily fragmented habitats and sparse source populations, without
planning for sustaining spatially connected source populations which have the ability to colonize new or
enhanced habitat, or planning for translocations where connectivity cannot be achieved, restorations
often fail to meet species richness expectations. For example, six years after restoration of suitable
habitat began at the Mequon Nature Preserve, no salamanders have recolonized the site, and are
therefore now being repatriated through translocations (J. Nickels, personal communication). In sum,
where baseline data collection and planning is poorly addressed or skipped altogether, often in
programs that desire quick results, it can lead to a mishmash of hit or miss restoration successes, with
luck, rather than planning, playing a major role in which species survive to utilize restored habitats. We
provide here tools to help avoid these pitfalls.
Species Occurrence Data
Species occurrence data is the basis for developing Species Checklists, and comes in many forms which
require careful scrutiny for useful information to be derived. Many limitations on data usefulness are
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scale dependent, where data useful on a coarse scale (i.e., a state) may not be useful at a fine scale (i.e.,
a specific property). Other data limitations relate to levels of acceptance on data quality and verification.
Biologists familiar with both the species’ under consideration, and the nature of the data, should vet
data specific to the project objectives. Here we provide the basis for a project specific decision tree for
vetting species occurrence data.
What is a Species Checklist?
Species Checklists are very informative for planning purposes, being a record of biodiversity for an area
which can be used to evaluate which species are of conservation interest, and to assess species richness
and habitat restoration and conservation potential. A Species Checklist is very simply a list of all species
that are expected to occur in a given project area, with conservation rankings. Currently, conservation
rankings are only available on a state-wide scale (i.e., Natural Heritage Inventory). Such coarse rankings
have several conservation limitations. Species at range limits are often locally rare (i.e., Spotted
Salamander), and widespread species may be common in one ecoregion but rare in another (i.e., Scarlet
Tanager). These species may not warrant state-wide recognition as being in conservation need, but
locally they may be some of the species at greatest risk (O'Donnell and Rayburn 2010). Other species,
while widespread enough to fail to qualify for state-wide ranking, represent specialized habitats that are
at risk at finer scales and can be important features local communities wish to preserve (i.e., Spotted
Salamanders and ephemeral wetlands, or Sedge Wrens and sedge meadows). Finally, official agency
rankings are often used in part to review and award conservation funding, and a failure to include locally
rare species in ranking systems means dollars to benefit species on local scales are harder to obtain, and
local funding sources must usually be sought. Therefore, assessing local conservation status fills an
important gap in conservation by recognizing local rarity so it can be better addressed in planning.
Species Checklists are frequently used as a measure of biodiversity. The checklist may represent a given
point in time (i.e., existing conditions, or post-1980), or be a historical cumulative record of all species
that ever occurred in a project area. In the latter case, species are usually ranked in some fashion, such
as extant vs. extirpated vs. non-native categories. Checklists for large geographic areas, such as for an
entire state (i.e., Casper and Anton 2013), are much easier to accrue than are finer scale checklists, such
as for a specific property. The former can utilize more generalized data sources such as field guides, with
good confidence that a species is present somewhere in a state. The latter must find and vet data
specific to a smaller region and usually more rigorously vet sources to assess species occurrence. For
example, where a species occurrence is documented 100 feet from a property boundary within a patch
of suitable habitat that extends onto the property, it is reasonable to conclude that the species occurs
on the property. Such decision methodology should be documented so that future workers can
understand how decisions on species occurrence were made, and whether these decisions will apply to
future objectives. Moreover, if a species occurrence assumption is subjected to legal scrutiny, the
biologist must be able to make a reasonable and convincing case for occurrence, to both professional
peers and the general public, and may be required to prove occurrence by conducting surveys.
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It is important to acknowledge the presence-only nature of most species occurrence records used in a
checklist database. Without repeated visits, credible survey protocols followed, and survey effort
tracked, most species occurrence records cannot be treated as survey data, and the absence of
observations cannot be used as evidence of a species absence. If proving absence is important, either
for gaps where no records are available, or as part of a vetting process, field surveys designed to confirm
presence or absence must incorporate detection probabilities in the study design and sample sufficiently
to meet 95% confidence in avoiding Type II Error (false absences; See MacKenzie et al. 2002, 2006;
Mackenzie and Royle 2005). However, in some instances gaps in occurrence records can be accepted as
real if no suitable habitat exists (such as in developed areas). While protocols for detection probability
based surveys with 95% confidence in detecting a species if it is there are often not available, they can
be developed as part of a survey design by collecting the required over-sampling data on a nearby site of
known occurrence (op. cit.).
Species Occurrence Data Collection and Vetting
Species occurrence data are available in many formats and levels of quality. Broad categories of data
sources include:
•
•
•
•
•

museum collections (specimen, photo and field notes)
agency records (i.e., Natural Heritage Inventory, agency files)
the literature (field guides, journals and “gray” literature)
online databases (i.e., Fish GAP, Breeding Bird Atlas, eBird, Wisconsin Herp Atlas, etc.)
field notes from local naturalists

Collecting these data can be complicated and extremely time consuming, with the amount of data
collected often constrained by time and budgetary limits. Much museum data remains on paper only,
and these data must be transcribed and vetted. For example, only approximately 1% of the University of
Wisconsin-Madison mussel collection is databased at this time (Casper and Dare 2013). Harvesting data
from the literature is similarly time consuming, often requiring typing records into a database and
assigning georeferenced coordinates. The same species may be assigned different names in different
sources (names change), or may have been split into two or more species at some point in time,
necessitating a familiarity with species synonyms for successful data searches. When data can be
obtained digitally time savings can be realized, but data management can also be time consuming,
where data must be normalized before importing, with error checking routines. The task of collecting
and vetting data becomes more manageable if filters are applied before data collection begins. For
example, limiting all data requests geographically (i.e., a single county), taxonomically (i.e., one or a few
species), and by precision (i.e., reject any data less precise than township).
It is important to remember that virtually all data sources have error – both Type I (false presence) and
Type II (false absence) error – and for a comprehensive vetted checklist, routines must be in place to
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discover, correct, and minimize such error to the extent practical. False presences usually result from
misidentifications or transcription errors. For example, a Red Salamander (Pseudotriton ruber) is
recorded from Racine, Wisconsin, well outside the normal range for the species (USNM 3833). Upon
closer examination of the associated data, the specific location is given as “Burlington, Chittenden
County”. Burlington, Wisconsin is in Racine County, but Burlington, Vermont is in Chittenden County,
which is within the species’ normal range. This error probably resulted from the location “Burlington”
being incorrectly ascribed to Wisconsin instead of Vermont at some stage of data handling, and was
relatively easy to discover and correct. A similar error confusing two lakes of the same name within the
same state would be more difficult to discover and correct.
False absences are typically more difficult to discover, as absence of evidence is not evidence of
absence. Many locations have never been surveyed, and therefore no records exist for many species
occurrences even where species have resided for many decades and are well known to residents. Many
species are cryptic and difficult to identify or find in their natural habitats, hence are often overlooked
even when surveys are conducted. These latter are best evaluated through probabilistic methods such
as detection probability based survey designs, where the likelihood of overlooking the species in the
surveys can be assessed.
Screening for errors usually involves examining data for taxonomic and geographic outliers, whereby a
putative occurrence is examined to see if it, a) falls within the species’ known geographic range, b) could
have been confused with other more likely taxa, and c) if suitable habitat for the species existed at the
time and place of the observation. Outliers are those records that fail these tests, or are otherwise
questionable (i.e., a transcription error is suspected in data), and generally should not be used for
analyses. If such records are important to a project, they should be reconfirmed by new surveys.
Given these pervasive errors in species occurrence data, in building a species occurrence checklist
assumptions must be made and methods detailed for both rejecting records, and for assuming presence
where no verifiable records are available. These methods typically involve ranking records for levels of
confidence in their correctness. Checklist records may be ranked in order of confidence from highest
(very confident record is good) to lowest (record is questionable and cannot be verified). Cumulative
species checklists include all species that are likely to have ever occurred in a project area, are
cumulative over time and typically categorize species in various ways to inform project objectives, such
as by conservation status, habitat, or how recent records are. Species occurrence records may be
subjected to various levels of scrutiny to meet project data quality objectives. Such scrutiny may include
expert opinion, independent verification of specimens, or new field surveys to reconfirm presence at
selected sites. Project proponents and associated field biologists are well advised to work with a public
museum to deposit voucher specimens or photos if new surveys are conducted, so that future workers
have a permanent record of voucher material to examine. To do otherwise violates a basic scientific
principle of allowing for independent verification of data and its interpretation. For this project we used
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a five category ranking methodology to assess species occurrence records for Ozaukee County (see
Methods).

2.
2.1

Methods: Empirical Data Tools
Species Distribution Records

A major part of this study was the development of tabular and spatial data for evaluating species
biodiversity and conservation status in Ozaukee County. Species occurrence records were collected from
a variety of sources including our non-systematic field surveys for a variety of species. Data were
imported or transcribed into a Paradox database or MS Excel spreadsheets, and normalized to
standardize scientific and common names, place names, and field content, and correct spelling errors.
Georeferencing was applied by assigning coordinates to locations with a precision factor. These data
were then used to develop the Species Checklists.
A ranking system was developed to vet occurrence records (Appendix A). Records were ranked in order
of confidence from the highest Rank A (very confident record is good) to the lowest Rank F (record is
questionable and cannot be verified). The checklists are cumulative over time and include all species
that are thought to have occurred in the project area (Ozaukee County) since settlement. When
selecting data for modeling, screening for taxonomic and geographic outliers was also performed
whereby a putative occurrence was examined to see if it, a) falls within the species’ known geographic
range, b) could have been confused with other more likely taxa, and c) if suitable habitat for the species
existed at the time and place of the observation. Outliers are those records that fail these tests, or are
otherwise questionable (i.e., a transcription error is suspected in data), and were excluded from
analyses unless reconfirmed by new surveys. Spatial and tabular data files are provided in Appendix B.
2.1.1 Breeding Bird Data
Bird data were derived from multiple sources as described below. Coordinates assigned represent the
observer location (not the bird location), with a precision estimate. From this location a detection radius
can be applied within which the bird could have been heard or observed. 200 m was used as a
conservative default precision estimate for observer locations if more accurate precision was not
otherwise discoverable. All raw data were screened and reduced to include only species on the Ozaukee
County Breeding Bird Checklist, and only records from March through July (to cover the assured
breeding period for all species; see Checklist for definitions). The final database includes 20,601 records
for 71 species.
eBird
Comprehensive data were most recently harvested in November 2013. The initial harvest of 279,844
records for Ozaukee County was filtered for evaluation by retaining only species on the Ozaukee County
Breeding Bird Checklist, and records from March through July to cover the assured breeding period for
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all species (N=19,406). Vetting Rank C was assigned to all records, which are observations that have
been screened by the eBird records committee. SLCI and Focal Species ranks from the Checklist were
then added. Record precision estimates (Prec_m) in meters were assigned based on Locality Type. The
eBird Locality Type is a code meant to help define the type of location used. Participants in eBird can
plot specific locations on a map (P), choose existing locations from a map (H), or choose to submit data
for a town (T), postal code (PC), county (C) or state (S). Precision estimates were assigned as follows:
State (S) = none, County (C) = 22,383 m, Postal/Zip Code (PC) = 8,000 m, Town (T) = 6,850 m, Personal
(P) = 200 m. Caution should be used with the Personal precision estimate, as in some cases, especially
Traveling Counts, the precision is much coarser than 200 m. There is no way to determine actual
precision of coordinates in eBird, unless observers are contacted and asked to explain the basis of the
coordinates they entered. For Hotspots (H), 42 were referenced in the data set and each one was
examined in GIS for estimating the maximum distance from the provided coordinates to the estimated
area boundaries. Values are provided in Table 1.
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Table 1: eBird Hotspots
Hotspot
Blue Goose Rd. (Ozaukee Co.)
Bratt Woods (OWLT)
Cedar Creek (Cedarburg)
Cedarburg Bog
Cedarburg Env. Study Area (OWLT)
Concordia University (L136)
Concordia University (L279143)
Donges Bay Gorge (OWLT)
Ehler County Park
Forest Beach Migratory Preserve (OWLT)
Hannemann Lake
Harrington Beach SP
Harrington Beach SP--Point and North Beach
Harrington Beach SP--South Beach
Highland Woods
Huiras Lake SNA--North half (DNR)
Huiras Lake SNA--South half (OWLT)
Knollwood Rd. (Ozaukee County)
Kurtz Woods SNA (OWLT)
Lion=s Den Gorge Nature Preserve
Little Menominee Site
Little Menomonee Creek Restoration
Lone Elm Rd. (Ozaukee County)
Mequon Nature Preserve
N. Branch Milwaukee River FHA--Oriole Ln./Silver Creek
Pleasant Valley Nature Park
Port Washington
Port Washington Bird Sanctuary
Port Washington--Marina/Harbor
Port Washington--South beach
Riveredge Nature Center
Sauk Creek Nature Preserve (OWLT)
Schwengel WPA
Silver Beach Rd (Ozaukee Co)
Six Mile Road (Ozaukee Co.)
St. Augustine Rd. (Ozaukee Co.)
St. Finbars Rd. (Ozaukee Co.)
Stonecroft Pond
Trinity Creek Wetland Habitat

Latdd
43.38459090
43.33772670
43.29819790
43.38690000
43.29544930
43.25000000
43.25263910
43.20373690
43.40766640
43.45880670
43.35988400
43.49360000
43.49284430
43.48468760
43.24897210
43.52477170
43.51619060
43.39644160
43.36278570
43.33890090
43.23547610
43.21196350
43.52303690
43.19905530
43.53751660
43.35292560
43.38793000
43.38361050
43.38901960
43.38331210
43.43947600
43.39556850
43.52278800
43.51379420
43.48910900
43.38172140
43.44603350
43.35630930
43.19777730

Longdd
Prec_m
-88.02040100
300
-87.94431210
435
-87.94967650
820
-88.00610000
2882
-88.04494860
375
-87.91666400
1002
-87.91246000
725
-87.89809230
497
-87.94006350
530
-87.81449320
1000
-87.98392300
300
-87.79520000
1500
-87.79087790
300
-87.79548170
300
-87.98420670
709
-87.98279640
500
-87.98177720
700
-88.02606580
550
-87.95353890
544
-87.88516290
1117
-88.02207410
360
-88.03788900
565
-87.87075520
200
-88.01389580
1177
-88.00829890
1000
-87.97493220
800
-87.86996000
2000
-87.86769210
500
-87.86461830
200
-87.86968230
500
-88.02277000
1300
-87.88221360
390
-87.88444520
1000
-87.79488090
300
-87.88062570
300
-88.02812580
500
-88.00031660
200
-87.89131260
510
-87.97849420
470
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Table 1: eBird Hotspots
Hotspot
UW-Milwaukee Field Station--Upland Woods Area
Virmond Park
Waubedonia Park

Latdd
43.38789680
43.21113860
43.46841670

Longdd
Prec_m
-88.02537920
700
-87.89736910
612
-87.96932820
500

State Natural Area Breeding Bird Surveys
These are breeding bird surveys run by the State Natural Areas program at DNR. Data were harvested in
2012, and filtered for evaluation by retaining only species on the Ozaukee County Breeding Bird
Checklist, and records from March through July to cover the assured breeding period for all species
(N=381). These were wandering walking surveys away from roads (fide W. Mueller) and were assigned
coordinates by estimating habitat patch size centers in GIS, and precision as distance from center to
habitat patch edges. All records are observations by experts and were assigned Vetting Rank C.
Monitoring Avian Productivity and Survivorship (MAPS) Program
This is a bird banding program examining breeding condition in songbirds
(http://www.birdpop.org/nbii2006/NBIIHome.asp accessed December 20, 2013), with a station at
Riveredge Nature Center. The banding station location was determined, coordinates assigned, and a
precision estimate of 200 m and Vetting Rank C used for these records. Only species on the Ozaukee
County Breeding Bird Checklist and assigned Regular, Usual or Occasional breeder status in the station
summary data were included (N=10).
Riveredge Breeding Bird Survey
A map was provided by Riveredge Nature Center to estimate coordinates and precision. This is a walking
survey that Steve Kupcho covers every year following the Riveredge Creek corridor from where it starts
to where it empties into the Milwaukee River (fide M. Holleback). Only species on the Ozaukee County
Breeding Bird Checklist were evaluated. For most years records were assigned coordinates and precision
for the center of the walking route to the ends (N=194). For 2013 a map with bird observations plotted
was available and used to assign finer precision coordinates. All records are observations by an expert
and were assigned Vetting Rank C.
Wisconsin DNR Milwaukee River Basin Project
Some data were provided for breeding bird surveys conducted by experts and were assigned Vetting
Rank C. Only species on the Ozaukee County Breeding Bird Checklist were evaluated, with observer
provided coordinates and observation radius used to estimate precision (N=8).
Little Menomonee Creek Project
Some data were provided for breeding bird surveys conducted by an experienced birder (Seth Cutright)
and were assigned Vetting Rank C. Only species on the Ozaukee County Breeding Bird Checklist were
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evaluated, with coordinates determined for each point count from aerial photos, and a precision
estimate of 150 m assigned (N=5).
Jill Hapner Thesis, UW-Milwaukee
These data were provided from a study evaluating restored or constructed ponds in Ozaukee County for
birds and amphibians, and included tape playback of vocalizations of American Bittern, Least Bittern,
Virginia Rail, Sora, and King Rail in the survey protocol (Hapner et al. 2011). Surveys were conducted by
experienced birders and were assigned Vetting Rank C. Only species on the Ozaukee County Breeding
Bird Checklist were evaluated, and precision estimates were assigned from provided coordinates (N=52).
Karla Leithoff Thesis, UW-Milwaukee
These data were provided from a study evaluating the same ponds as the Hapner thesis. Surveys were
conducted by experienced birders and were assigned Vetting Rank C. Only species on the Ozaukee
County Breeding Bird Checklist were evaluated, and precision estimates were assigned from provided
coordinates (N=11).
Wisconsin DNR Natural Heritage Inventory Program
Only species on the Ozaukee County Breeding Bird Checklist were evaluated from these data. Data were
provided in multiple files and formats. GIS layer names were Animal Src Points, Animal EO Polygons,
Animal Src Polygons, and NHI Select GLRI Fauna. Tabular data were provided separately for additional
location and observer details not included with GIS layer attributes. Records may be duplicated between
layers and with original data sources. All records were assigned Vetting Rank C as they at minimum are
observations screened by DNR staff (N=17). Coordinates included with the data were used unless
records could be located to a finer precision from other included data. NHI records are problematic in
that more than one observation (including multiple dates and locations) may be conflated into a single
AElement Occurrence@ (one or more polygons of the estimated habitat extent for the assumed
population, or precision extent for the locality) and the point coordinates assigned may be a polygon
centroid, which can be some distance from the actual observation(s). An attempt was made to parse
individual observations out into individual records where this could be determined from the data
provided (e.g., where notes with different dates and/or observers were provided), and in some
instances these notes allowed for assignment of separate coordinates. These records should be used
with caution, examining original data where possible and giving precedent to primary sources.
Ozaukee Washington Land Trust Breeding Bird Surveys
These were some of the most rigorous data available with fine point precision and 6-8 replicates per
year per site. All points for these 10-minute point counts were provided with GPS coordinates and a
precision of 10 m assigned for where the observer stood. All surveys were conducted by experienced
birders and assigned Vetting Rank C. Only species on the Ozaukee County Breeding Bird Checklist were
evaluated from these data (N=516).
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Ozaukee County observations
One record was used for a species observed during the assured breeding season on the Ozaukee County
Breeding Bird Checklist, recorded on a general survey for this project.
2.1.2 Fish Data
The fish database was constructed from four sources. Duplication between all sources is present but not
always discoverable, because specimen vouchers and original data sources are not always referenced in
secondary sources. However, if a species from the same date and location is referenced in multiple
sources, it is fairly safe to assume that all sources are referencing the same occurrence record. All
records were assigned Verification, Species of Local Conservation Interest, and Focal Species ranks as
defined by the Ozaukee County Fish Checklist, and georeferenced with provided coordinates or from
provided locality data with precision estimates.
Milwaukee Public Museum Fish Collection
These data are from the museum catalog, and represent all available Ozaukee County voucher
specimens. The main spreadsheet tab is limited to SLCI and Focal Species, plus any additional species
that are state ranked (Endangered, Threatened, Special Concern, SGCN), from the Ozaukee County Fish
Checklist (N=30). A vetting rank of B is assigned as no instances of independent verification (other than
from the collector) were available. However, very few misidentifications should be present, given the
careful collecting and curatorial standards applied, and those that are discovered will likely result from
changing taxonomy. A second tab in the spreadsheet (MPM Data) provides all data for Ozaukee County
(N=764).
Wisconsin DNR Natural Heritage Inventory Program
Only species on the Ozaukee County Fish Checklist were evaluated from these data (complete unvetted
data for the entire basin are provided in the NHI Data tab, N=111). Data were provided in multiple files
and formats. GIS layer names were DNR Fish Database, USGS Fish Gap Database, Animal Src Points,
Animal EO Polygons, Animal Src Polygons, and NHI Select GLRI Fauna. Tabular data were provided
separately for additional location and observer details not included with GIS layer attributes. Records
may be duplicated between layers and with other original data sources. All records were assigned
Vetting Rank C as they at minimum represent observations screened by DNR staff (N=19). However,
records that are duplicated in other sources may have higher vetting ranks (e.g., specimen vouchers at
the MPM). Coordinates included with the data were used unless records could be located to a finer
precision from other included data or matched to original sources with better precision. NHI records are
problematic in that more than one observation (including multiple dates and locations) may be
conflated into a single AElement Occurrence@ (one or more polygons of the estimated habitat extent for
the assumed population or estimated precision extent of the locality) and the point coordinates
assigned may be a polygon centroid, which can be some distance from the actual observation(s). An
attempt was made to parse individual observations out into individual records where this could be
determined from the data provided (e.g., where notes with different dates and/or observers were
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provided), and in some instances these notes allowed for assignment of separate coordinates. These
records should be used with caution, examining original data where possible and giving precedent to
primary sources.
Ozaukee County Fish Passage Program
These data were collected as part of this study with provided coordinates (N=703). All records were
assigned Vetting Rank C as they were observations screened by Program staff, with eleven exceptions.
The following species were assigned vetting Rank E as being significant enough range extensions, or
re-discovery of species thought to be locally extirpated or very rare, that verification is desirable either
through voucher specimens or photos: Weed Shiner, Orangespotted Sunfish, Northern Redbelly Dace,
Northen Hog Sucker, Channel Shiner, Brown Bullhead, Brassy Minnow, Blacknose Shiner, Black
Redhorse, Bigmouth Shiner and Banded Darter.
WDNR GAP Database (now called WDNR Fish Mapper
(https://cida.usgs.gov/wdnr_fishmap/map/)
Data were accessed in 2011 (N=2,556). Records associated with this database may be missing locality
data for state listed species. However, these data may be available from the original source, and were
added back where this was discoverable. All records were assigned Vetting Rank C as they represent at
minimum observations screened by DNR staff, except for two species scored E (Bullhead Minnow with a
reliability score of Uncertain, and recent Blackchin Shiner records with a reliability score of null), and
one species scored F (River Shiner with a reliability score of null). Note that one much older (1928)
Blackchin Shiner record is accepted. Records that are duplicated in other sources may have higher
vetting ranks (e.g., specimen vouchers at the MPM). Coordinates included with the data were used
unless records could be located to a finer precision from other included data or matched to other
sources with better precision.
2.1.3 Mammal, Amphibian, Reptile and Crayfish Data
This database (N=4,184) was constructed from a variety of sources as follows. Duplication between
sources sometimes occurs but is not always discoverable, because specimen vouchers and data sources
are not always referenced in secondary sources. However, if a species from the same date and location
is referenced in multiple sources, it is fairly safe to assume all sources are citing the same record. Data
were vetted per the Checklist documentation and verification rankings assigned.
Museums
Ozaukee County data from the following museum collections were harvested: Milwaukee Public
Museum, University of Wisconsin - Madison Zoology Museum, University of Wisconsin - Stevens Point
Museum, Field Museum of Natural History, University of Wisconsin Green Bay - Richter Museum,
Charles R. Conner Museum, and Illinois Natural History Survey. In many instances specimens were
examined for independent verification as noted.
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Wisconsin DNR Natural Heritage Inventory Program
Only species on the appropriate Ozaukee County Checklist were evaluated from these data. Data were
provided in multiple files and formats. GIS layer names were Animal Src Points, Animal EO Polygons,
Animal Src Polygons, and NHI Select GLRI Fauna. Tabular data were provided separately for additional
location and observer details not included with GIS layer attributes. Records may be duplicated between
layers and with original data sources. All records were initially assigned Vetting Rank C as they represent
mostly observations screened by DNR staff. However, records that are duplicated in other sources may
have higher vetting ranks (e.g., specimen vouchers at museums, field notes from primary sources).
Coordinates included with the data were used unless records could be located to a finer precision from
other included data or matched to original sources with better precision. NHI records are problematic in
that more than one observation (including multiple dates and locations) may be conflated into a single
AElement Occurrence@ (one or more polygons of the estimated habitat extent for the assumed
population or estimated precision extent of a locality) and the point coordinates assigned may be a
polygon centroid, which can be some distance from the actual observation(s). An attempt was made to
parse individual observations out into individual records where this could be determined from the data
provided (e.g., where notes with different dates and/or observers were provided), and in some
instances these notes allowed for assignment of separate coordinates. These records should be used
with caution, examining original data where possible and giving precedent to primary sources.
Wisconsin Natural Heritage Inventory public
These are coarse precision (township level) records publically available from Wisconsin DNR. Their
usefulness is limited due to their coarse precision but they can assist in discovering primary data for a
township.
Herp Mapper
A few records from this online resource (http://www.herpmapper.org/) are included with photo
vouchers allowing for a Vetting Rank of A.
Wisconsin Herp Atlas
This database (http://www4.uwm.edu/fieldstation/herpetology/) was queried for Ozaukee County and
includes both original data and secondary sources (literature, museums, etc.). All records were
georeferenced with coordinates and precision estimates based on the provided locality data.
Duplications with data from other programs may occur, but was eliminated where discoverable.
Wisconsin Ephemeral Pond Project
One observation was provided by this program.
Wisconsin Frog & Toad Survey (DNR)
These are observational records (mostly acoustic) from a volunteer program with points being the
survey route stops. Like bird and bat survey data, these points represent where the observer was
standing, not necessarily where the animal was located.
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Wisconsin DNR
One Gray Treefrog record gleaned from a breeding bird survey data sheet was used.
Wisconsin DNR Bat Program
These are point data digitized from survey maps posted on the DNR website. All species identifications
were made by DNR staff from ultrasonic recordings made by staff and volunteers. Like bird and calling
frog survey data, the points represent where the observer was standing (or recorder positioned), while
the bat was flying about the nearby area.
2.1.4 Other Data
Checklists were also produced for mammals and mussels. Additional invertebrate species groups
warrant evaluation and production of checklists but were beyond the scope of this project. These
include 11 rare invertebrate species recorded from Ozaukee County and tracked in the Wisconsin
Natural Heritage Inventory (included in data layers described above). These and additional species may
be designated SLCI if comprehensive invertebrate checklists are produced. Rare plant species for
Ozaukee County were not evaluated for this project, but are addressed in both the Wisconsin Natural
Heritage Inventory (Table 2) and SEWRPC plans (Southeastern Wisconsin Regional Planning Commission
1997, 2010). Finally, migratory bird and insect species are not addressed here but are important to
conservation planning. Habitat planning for migratory organisms, which are highly mobile, can be
achieved by addressing habitat quality, extent, connectivity and spatial positioning along flyways
without requiring distribution data. Habitat use and restoration success may be monitored by collecting
occurrence data. Several initiatives have identified stopover habitat areas and migratory waterfowl
concentration areas as important areas to maintain and enhance, as well as other large habitat patches
(e.g., Cedarburg Bog) and linear corridors (e.g., Milwaukee River corridor).
Table 2. Additional Ozaukee County Listed Plants and Invertebrates in the Wisconsin Natural Heritage Inventory
(accessed 2011)
Common Name
Plants
Amerorchis rotundifolia
Forked Aster
American Sea-rocket
Handsome Sedge
Livid Sedge
Seaside Spurge
Ram's-head Lady's-slipper
Slenderleaf Sundew
Capitate Spike-rush
Few-flowered Spike-rush
Thickspike

Scientific Name

State Status

Amerorchis rotundifolia
Aster furcatus
Cakile lacustris
Carex formosa
Carex livida var. radicaulis
Chamaesyce polygonifolia
Cypripedium arietinum
Drosera linearis
Eleocharis flavescens var. olivacea
Eleocharis quinqueflora
Elymus lanceolatus ssp. Psammophilus

THR
SC
SC
THR
SC
SC
THR
THR
SC
SC
THR

Federal Status
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Table 2. Additional Ozaukee County Listed Plants and Invertebrates in the Wisconsin Natural Heritage Inventory
(accessed 2011)
Common Name
Scientific Name
Plants (continued)
Twinleaf
Jeffersonia diphylla
Clustered Broomrape
Orobanche fasciculata
Hairy Beardtongue
Penstemon hirsutus
Heart-leaved Plantain
Plantago cordata
Hooker's Orchid
Platanthera hookeri
Prairie White-fringed Orchid
Platanthera leucophaea
Wafer-ash
Ptelea trifoliata
Giant Pinedrops
Pterospora andromedea
Chinquapin Oak
Quercus muehlenbergi
Waxleaf Meadowrue
Thalictrum revolutum
Sticky False-asphodel
Tofieldia glutinosa
Slender Bog Arrow-grass
Triglochin palustris
Snow Trillium
Trillium nivale
Smooth Black-haw
Viburnum prunifolium
Invertebrates
Swamp Metalmark
Calephelis muticum
Robust Dubiraphian Riffle Beetle
Dubiraphia robusta
Double-striped Bluet
Enallagma basidens
Midwestern Fen Buckmoth
Hemileuca nevadensis ssp. 3
Cherrystone Drop
Hendersonia occulta
Slaty Skimmer
Libellula incesta
Hine's Emerald Dragonfly
Somatochlora hineana
Warpaint Emerald Dragonfly
Somatochlora incurvata
Regal Fritillary
Speyeria idalia
Oval Vallonia
Vallonia excentrica
Tapered Vertigo
Vertigo elatior
THR - Threatened, END - Endangered, SC - Special Concern

2.2

State Status
SC
THR
SC
END
SC
END
SC
END
SC
SC
THR
SC
THR
SC
END
SC
SC
SC
THR
SC
END
END
END
SC
THR

Federal Status

THR

END

Species Checklist Development

We constructed Species Checklists based on the occurrence data review described above, and available
information on status and life history of species from the literature and from expert review, in order to
identify Species of Local Conservation Interest. References are provided in the Species Checklists
(Appendix C). Species which were supported by occurrence records with vetting ranks A-C were
automatically included in checklists. Species which were supported only by occurrence records with
vetting ranks D or E were generally included but with appropriate caveats if they could not be verified by
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examining specimens or by new field surveys. Records in Rank F were only used if new field surveys
confirmed presence, with voucher specimens (or photographs) collected and deposited at a public
institution. Additional global and state status rankings, such as State Endangered or Threatened Species,
are also provided in the checklists to inform project objectives, as detailed in Appendix C.

3.

Results: Empirical Data Tools

The empirical biodiversity data provided here offers excellent opportunity to identify and prioritize
conservation initiatives for preserving, restoring and enhancing wildlife habitat in the county. For the
first time, conservation planners in the region have vetted checklists of local biodiversity with
conservation rankings, and comprehensive databases of species occurrence records with confidence and
precision rankings. These resources allow for discovery of Species of Local Conservation Interest (SLCI) in
the region and on specific properties, so that preservation and management actions can proceed in the
most efficient and productive manner. Perhaps more importantly, these resources should reduce the
possibility of harm resulting from actions taking place that inadvertently overlook the presence of rare
species and habitats. It is now easier to discover what species and habitats might be affected by any
proposed project, and to determine knowledge gaps where surveys are still needed. These data
represent a snapshot of current knowledge of what is rare and what is common, with specific vetted
occurrence records and locations provided in tabular and spatial formats. Data can be updated as new
data are acquired.
Prior to this project no comprehensive assessment of the biodiversity of the County or Basin had been
performed. The State Wildlife Action Plan (Wisconsin Department of Natural Resources 2005) and
Natural Areas Plan (Southeastern Wisconsin Regional Planning Commission 2010) provide some lists of
species that are of state or regional conservation concern, and we add local status ranks that are often
quite important for conservation planning, such as where species that are common on larger scales may
be rare locally.
Understanding the species present and their habitat needs, as well as what has been lost from the
system and which species are currently at risk, is a fundamental prerequisite to conservation planning,
and defines the biological resources that are to be managed. The data collected for the databases
developed here were vetted by an impartial process (see Appendix A). This vetting procedure is mindful
of independent verification (a basic tenant of science) and avoids pitfalls associated with judging any
observers purported expertise, relying instead on empirical data for confirmation. Along with expert
opinion, these databases were the basis for the checklists and species conservation status rankings
(Appendix B). This process identified SLCI and Focal Species were selected for this project.

3.1

Species Checklist Results

The species checklists are provided in Appendix C. The checklists provide added value in comparison to
state and regional level biodiversity assessments by providing enhanced data vetting and completeness,
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and by addressing non-state listed species. They also provide local conservation rankings, which are a
standalone tool for local conservation planning . Local conservation rankings allow planners to focus
scarce resources specifically on meaningful local conservation actions, and to acknowledge the cultural
and societal roles and benefits of biodiversity and green space in general without necessarily limiting
conservation actions to only rare species (Alcock et al. 2014). Table 3 summarizes these differences.
Table 3: Comparisons of Ozaukee County Species Rankings
Total #
# State #
Group
Species Listed
SGCN
Mammals
54
13
7
Breeding Birds
72
36
52
Reptiles
16
4
4
Amphibians
18
2
5
Fish
104
14
13
Primary Burrowing Crayfish
3
2
1
Mussels
22
6
2
Total
289
77
84

# SLCI
23
65
10
4
34
2
7
145

# State Listed
that are not SLCI
4
1
2
1
4
0
1
13

# SLCI that are
not State Listed
14
29
8
3
24
0
2
80

From Table 3 several differences are apparent between assessments of what species are of conservation
interest on differing scales. Many more species are ranked as SLCI in Ozaukee County than are
considered to be SGCN in the State Wildlife Action Plan regions, or are state listed. This is to be expected
as state listing requires a species to be rare or declining statewide, and many species that are stable or
common elsewhere in the state are in conservation need in Ozaukee County, where large areas of
developed and agricultural land, and fragmentation of remaining natural areas, result in local rarity and
extirpations. Conversely, some state listed species are not SLCI because they are considered to be
unrecoverable in Ozaukee County (e.g., Gray Wolf), or the records are considered to be in error or
questionable in Ozaukee County (e.g., Pickerel Frog, Queensnake). This illustrates the importance of
determining which species are SLCI for local planning, so that scarce resources are directed towards rare
species that can be recovered, and towards species that are important on the local scale.

3.2

Species Group Reviews

3.2.1 Mammals
In general, knowledge of mammals in the county is poor, owing to few data, few studies, and few
monitoring programs. Except for giving high priority to protecting and enhancing known sites
mammalian SLCI currently utilize, recovery targets cannot be set without more baseline data on status
and distributions. Opportunities exist to advance the state of knowledge, however. Bat surveys are
feasible with ultrasonic recording systems. Data from these surveys, over time, will better assess the
status and distribution of bat species, and identify important foraging, resting, brooding and denning
areas. Currently, the data from these systems (audio recordings) require expert analysis, so partnering
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with DNR, academic or private biologists, and promoting academic studies, is recommended to continue
evaluating bat status and habitat needs.
The Star-nosed Mole and Least Weasel, both wetland associated species, are known from very few
records but are suspected to be more widespread, and both are near southern range limits in Ozaukee
County. Better assessing status and distribution through surveys is recommended. Star-nosed Moles can
be detected by visual and cover object surveys, and Least Weasels by trapping and camera surveys.
The Southern Red-backed Vole is a boreal species with Ozaukee County near its southern range limit. It
is known only from the Cedarburg Bog – a protected area. Surveys should target this species in other
similar habitat areas to determine if other populations exist and warrant conservation action.
Two hypothetical species should be targeted for surveys: Forest Deer Mouse and Arctic Shrew. If found,
populations should be assessed for conservation action.
There is also significant need to assess remaining mammals through surveys to better understand status
and distribution. Camera, hair, track, and nest box (Southern Flying Squirrel) surveys, as well as trapping,
are viable methods. Sites occupied by mammalian SLCI in this study should be evaluated for protection
status, and additional habitat conservation actions taken where appropriate.
3.2.2 Birds
Bird data are extensive, but much of it is difficult to use owing to acquisition and precision issues.
Opportunities exist for promoting surveys that collect more useful precise point data, and high priority
should be given to protecting and enhancing known breeding and migratory stopover habitat for avian
SLCI. The Ozaukee Washington Land Trust (OWLT) breeding bird survey (also utilized by the Mequon
Nature Preserve and at the Forest Beach Migratory Preserve) is currently the only survey protocol that
provides breeding bird data sufficient to account for detection probabilities. Minor adjustments to
various other breeding bird surveys could enhance their utility, by resolving precision issues by requiring
point coordinates for observations, and by increasing replicates to allow for detection probability based
analyses of trends. Ebird use as a data repository could be improved by a campaign to see that users
enter point coordinates for each observation site, and avoid entering coarse data (i.e., traveling surveys,
Hot Spots). While many birders will choose to continue past practice, a group of birders producing
better data would have tremendous value for the finer precision, landscape level data that is most
useful to planning and conservation actions. Tools such as GPS units, and smartphone apps (e.g.,
iNaturalist), can assist with this effort. Targeting properties and habitats suspected to support
uncommon breeding species is also recommended, as is monitoring restorations to measure success by
changes in breeding bird diversity. Survey protocols must include enough replicates to account for
detection probabilities, however, to be useful as monitoring metrics. Example local detection
probabilities are available from OWLT studies, which can be used to determine the minimum number of
replicates needed for meeting 95% confidence in detection.
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3.2.3 Reptiles
As species that generally have poor mobility, multiple habitat requirements, and sensitivity to
contaminants, habitat degradation, road mortality, and subsidized predators, reptiles are excellent
candidates for monitoring as umbrella species to judge the success of conservation actions (McDiarmid
et al. 2012). During this study we discovered two species of reptiles never before reported from the
county (Eastern Spiny Softshell, Northern Map Turtle), illustrating the need for more survey work and
conservation assessment. Identifying, preserving, and enhancing known populations of reptilian SLCI,
and evaluating the protection status connectivity of these habitat patches, would greatly advance reptile
conservation in the county. Since very few records are available for most SLCI, an especially valuable
conservation action would simply be to conduct more surveys. Target species are: Eastern Milksnake,
Common Watersnake, Western Foxsnake, Midland Brownsnake, Northern Red-bellied Snake, Butler=s
Gartersnake, Eastern Spiny Softshell, Blanding=s Turtle, Northern Map Turtle and Eastern Musk Turtle.
All snakes except Watersnakes can be efficiently detected by cover object surveys (OWLT has a protocol
developed, and see Graeter et al. 2013). Visual searches or trapping are recommended for the
remaining species. Occupied sites, especially those currently in preservation, should be assessed for
reptile management and appropriate actions taken. Potential management actions are well summarized
in Kingsbury and Gibson (2012). Population level academic studies should also be encouraged to collect
demographic data relevant to conservation actions.
In urban areas habitat fragmentation is a serious impediment to reptilian habitat restoration success.
Where habitats are restored and reptilian SLCI are determined not to have returned after 5 years
through monitoring programs, human assisted repatriation may be necessary. Many reptile SLCI in
Ozaukee County may now exist only in isolated populations and in low numbers. Repatriation should be
considered where habitat is suitable but surveys determine that it is unoccupied.
3.2.4 Amphibians
Amphibians of standout conservation interest are the Spotted Salamander, Common Mudpuppy and
Central Newt. The Common Mudpuppy is a wholly aquatic salamander that may be extirpated from the
county (although is still present in some Lake Michigan harbor and shoal areas, and in a Milwaukee River
tributary near West Bend, Washington County). Additional surveys are needed to assess current status,
and if truly extirpated from inland waters, repatriation should be considered.
Spotted Salamanders are confirmed from only one site in the county (the protected Cedarburg Bog
Beech Woods SNA), but are suspected to occur elsewhere in ephemeral ponds in larger mature forest
patches. Additional surveys are recommended (OWLT has a very efficient egg survey protocol, and see
Graeter et al. 2013). This species is an ephemeral pond obligate and very sensitive to forest habitat
quality (particularly duff quality), so is an excellent candidate for monitoring habitat quality and
restoration success. The Central Newt is another rare salamander confirmed only from the Cedarburg
Bog Beech Woods SNA. It is sensitive to landscape level habitat factors such as quality and connectivity,
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and can be surveyed for and monitored by aquatic funnel traps (OWLT protocol, and see Graeter et al.
2013).
In urban areas habitat fragmentation is a major impediment to amphibian habitat restoration success.
Where habitats are restored and amphibian SLCI are determined not to have returned after 5 years
through monitoring programs, repatriation may be necessary. This is a particular problem for
salamanders, which are less mobile than frogs, and their movements are easily defeated by resistive
landscape features such as roads, agriculture and development. At Mequon Nature Preserve,
salamanders did not return to restored ephemeral pond habitat after 5 years, and repatriation is
currently underway with the first release of transplanted eggs in 2013. If successful, this technique is
recommended for more sites where salamanders have disappeared and habitat is suitable.
3.2.5 Fishes
The fish SLCI list is rather large. The existing fish survey programs (DNR and Ozaukee County Fish
Passage) appear adequate to continue to collect distribution and status data (provided they continue).
The only change recommended is improving the protocol for documenting rare species with voucher
specimens, so that records can be independently verified and are not rejected by future workers.
Habitat conservation actions underway are also reasonable, addressing both fish barrier removals and
habitat quality improvements. An assessment of which stream reaches harbor the rarest species,
utilizing the database developed here (and updated as appropriate), would be useful to ensure that
conservation actions are being directed towards the particular habitat requirements and locations of
these species, and in a spatial manner which acknowledges and builds upon known existing populations
(first do no harm). This assessment would identify where existing populations of fish SLCI are, and how
they can be best re-connected to both upstream and downstream habitats, and not assume that project
prioritization should proceed only in a linear fashion from upstream from river mouths.
Finally, several SLCI offer opportunity for restoration through carefully planned artificial propagation and
repatriation programs, in particular the Banded Killifish, Blackchin Shiner and Blacknose Shiner are
recommended as test species which are well suited to artificial propagation and have limited
distributions in the county (Marshall 2012, Marshall and Dearlove 2013).
3.2.6 Mussels
Mussel collections data are in generally poor condition, owing to huge backlogs of uncataloged material
at museums (Casper and Dare 2013), and most survey data are observational and lack voucher
specimens. Good value for the money may be had by funding cataloging of material already at
museums, so that it becomes available to science. Mussels are one of the most endangered faunas in
the world (Haag 2012), and should be front and center in any regional conservation planning for water
quality or aquatic habitat. Without comprehensive inventory data, mussels may be at risk of accidental
harm where beds may be damaged by in-stream projects. The paradigm of "first do no harm" requires
knowledge of mussel distribution, and surveys before in-stream projects are proposed are therefore
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important to avoiding harm, and often required through regulatory processes. Conservation
assessments and actions must also address the larval hosts (fishes and amphibians) mussels require for
completing their life cycles. Mussel conservation issues are outlined in Casper and Dare (2013) and Haag
(2012). The SLCI identified in the Ozaukee County Mussel Checklist can guide additional inventory
surveys, assessments and conservation actions.
3.2.7 Primary Burrowing Crayfish
Primary burrowing crayfish are disproportionately under threat in the United States (Taylor et al. 2007),
and the species present in Ozaukee County are no exception. Being both keystone species for their
burrowing capacity, and a primary food resource for many other vertebrates, including many SLCI, they
are a high priority natural resource in Ozaukee County. Mapping of primary burrowing crayfish records
acquired during this study reveals concentrations in floodplains and water recharge areas, and in
ephemeral wetlands. Many of these areas are potential targets for acquisition through the Greenseams
program, or other preservation initiatives, and should be incorporated into regional planning as critical
habitat areas.
The Digger Crayfish discovered during this study is a species overlooked until now, and the rarest
crayfish in the state. Two known Ozaukee County locations are on protected federal lands, a third on
private lands. No other populations have been discovered in Ozaukee County despite fairly extensive
survey effort, although older museum vouchers and four extant populations were recently discovered in
Milwaukee County (G. Casper unpublished data). Effective survey methods have been developed (G.
Casper unpublished) and more survey effort is recommended in Ozaukee County to determine if
additional populations exist. The known populations should be subjected to more intensive population
level studies to determine their conservation status, threats and opportunities.
3.2.8 Other Invertebrates
The Robust Dubiraphian Riffle Beetle, butterflies (Regal Fritillary, Broad-winged Skipper, Mulberry Wing,
Swamp Metalmark), dragonflies (Double-striped Bluet, Fragile Forktail, Hine=s Emerald, Slaty Skimmer,
Warpaint Emerald), moths (An Owlet Moth, Midwestern Fen Buckmoth, Pitcher Plant Moth), and snails
(Cherrystone Drop, Oval Vallonia, Tapered Vertigo) identified in NHI layers may all be quite rare and are
deserving of conservation assessments, and possibly conservation actions. Expanding this project to
include assessment of these invertebrates is highly recommended, and should include evaluation of
known records, new surveys, the development of checklists for these groups, and conservation
assessments with recommendations.

4.
4.1

Methods: Theoretical Data Tools
Species Models

Development of the Fish and Wildlife Habitat Decision Support Tool was initially detailed in Kline et al.
(2006). Technical details are provided in Appendix D. In short, an umbrella species concept is used to
match habitat classes that can be mapped from the available land use layers with representative wildlife
species that are dependent on those habitat features. The habitat requirements of these species are
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further refined by factors such as habitat patch size and connectivity, which are used to filter habitat
selections further to a subset better able to support the wildlife species of interest. These relationships
are listed in a matrix linking an umbrella species group with the habitat class features, and a proximity
factor column outlines the filtering necessary to ensure that the habitat can support the species (see
Kline et al. 2006 for examples and discussion). For this iteration of the project, we used a slightly
modified matrix (Figure 1), vetted by species experts (see Appendix C for taxonomic experts consulted).
We then followed Kline et al. (2006) to use GIS technology to evaluate the existing wetland and upland
habitat based on the proximity factors identified by the wildlife expert group. This modeling results in
maps of predicted existing suitable habitat for each umbrella species, which can be displayed over
Potentially Restorable Wetlands (PRWs) to assess how restoration of PRWs could maximize wildlife
habitat value. We utilized the Habitat Quality Index (HQI) following Kline et al. (2006), to measure the
degree of spatial overlap for different types of umbrella species habitat contexts. We normalized the
WMV scores for each of the thirteen umbrella species by changing score 1 to 0, and scores 2 and 3 to 1.
The HQI toolbox then sums all WMV scores for each cell in the GIS map, generating a possible highest
potential value of 13.
Since the original Tool was developed in ESRI Arcview 3.2, we initially updated each Tool species model
to operate in ArcMap 10.0, using ModelBuilder (ESRI 1999-2012). ModelBuilder is a visual scripting
application in ArcMap used to create, edit, and manage geoprocessing models or tools. The visual
scripting for each Tool species model was then updated again to ArcMap 10.1, which includes Python
scripting to improve ease of use. The GIS base layer for land cover was replaced with the SEWRPC land
use layer and the GIS base layer for wetlands was replaced with the 2010 WWI layer. Wildlife habitat
maps were then generated for each species model.
Prioritized lists of parcels (landowners) were developed by spatially examining overlaps and adjacency
between PRWs and predicted high quality wildlife habitat (matrix scores 2 and 3) for umbrella species,
as well as PRWs adjacent to streams for their potential in restoring fish spawning habitat. We also
utilized actual species occurrence data to identify currently occupied habitats. PRWs that would
enhance existing high quality habitat, or connect high quality habitat patches by filling gaps, were rated
most highly.
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Figure 1: Wetland Wildlife Matrix
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4.2

Land Use Data

The Southeastern Wisconsin Regional Planning Commission (SEWRPC) currently maintains land use data
that is utilized in the GIS Tool. This data set contains polygon features showing land use delineations for
the seven-county Southeastern Wisconsin Region, covering Kenosha, Milwaukee, Ozaukee, Racine,
Walworth, Washington, and Waukesha Counties. The data set was collected at approximately 5-year
intervals, and is current for the years 1963, 1970, 1980, 1985, 1990, 1995 and 2000. At this writing, the
data set for 2010 has been completed for all of the counties, except Milwaukee and Waukesha County.
The polygon features were originally delineated on 1"=400' scale aerial photographs and board digitized.
Therefore, ninety percent or more of all well-defined planimetric features in these digital map files are
within 13.3 feet of their true position on the ground. Recent inventories have been collected utilizing
digital ortho-photography and digital property boundary lines. The land use polygons are identified
according to the SEWRPC land use classification system. The land use polygon attribute field containing
the three-digit code and optional one-character suffix classification system includes land use categories
ranging from residential, commercial, industrial, transportation, communication and utilities,
recreational, agricultural, and open lands. To correspond with the four land cover classifications used in
the Tool (cultivated land, forest, grassland, and urban/developed), the following land use codes were
chosen: Cultivated Land ( 811, 820, and 841), Forest (940), Grassland (815, 816, 921, and 922), Wetlands
(910), Surface Water (950), and Urban/Developed (all other land use codes).
An updated wetland inventory for southeast Wisconsin, conducted by SEWRPC under contract with the
DNR, was based on aerial photography from the spring of 2010. The Wisconsin Wetland Inventory
(WWI) maps show graphic representations of the type, size and location of wetlands in Wisconsin. These
maps have been prepared from the analysis of high altitude imagery in conjunction with soil surveys,
topographic maps, previous wetland inventories and field work. The location, type, and size of these
habitats are accurate at the nominal scale of 1:24,000 (1 inch = 2000 feet). To correspond with the ten
land cover classifications used in the Tool (surface water, open water wetlands, aquatic bed/deep
marsh, shallow marsh <= 5 acres, shallow marsh > 5 acres, wetland meadow, wetland forest broad
leaved, wetland forest coniferous, wetland forest mixed, and wetland shrub), the individual WET_CODE
attribute for each wetland polygon was sorted / grouped, and numbered according to the Wildlife
Matrix (Figure 1).

4.3

Potentially Restorable Wetlands

The Potentially Restorable Wetlands (PRW) data layer identifies wetland restoration opportunities
within the Milwaukee River Basin (Kline et al. 2006, Smith 2012). This layer maps hydric soils that are not
overlain by existing wetlands, or existing development. In effect, they are potentially restorable drained
wetlands, currently in other land uses, such as agriculture or other green space.

4.4

Stream Reach Prioritization Methodology

Ozaukee County staff developed a stream reach prioritization methodology for determining the severity
of aquatic habitat fragmentation, prioritizing fish passage impediment removals and mapping/tracking
progress over time. The methodology requires a complete field inventory of all project streams and the
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ability to categorize identified fish passage impediments into provided categories. The Tributary
Fragmentation Score is calculated as:

1

𝐶
∑𝑄
𝐷 × 𝑖=0 𝐸𝑖

where C (“Impediment Ordination”) is equal to the number of impediments isolating the tributary
fragment from the source (e.g., mainstream river or lake), D (“Tributary Sub-Basin Fragment Length”) is
equal to the total stream miles isolated by the impediment, and E (“Impediment Significance Score”) is
equal to the appropriate scores listed below, which were developed to reflect relative cost and/or
difficulty associated with past fish passage restoration projects in Ozaukee County.
The process for calculating the Tributary Fragmentation Score has been incorporated into a Microsoft
Excel spreadsheet, allowing users to enter the necessary attributes for each identified impediment,
resulting in a Tributary Fragmentation Score to prioritize future connectivity restoration projects (Table
4; Appendix E).
Table 4: Impediment Significance Scores
Score
Description
1
Small-Scale Conservation Corps
2

Large-Scale Conservation Corps

5

Publicly Owned “Public Works”

7

Privately Owned “Public Works”

10

Publicly Owned “DOT”

10

Invasive Vegetation

1000*Q

Permanent Natural Impediment

Details
No engineering and design required, can be removed in 8
hours or less by a 4-person crew using hand labor and
light equipment.
No engineering and design required, can be removed in
more than 8 hours by a 4-person crew using hand labor
and light equipment.
Engineering, design and permitting required, located in
public right-of-way or other public lands, heavy
equipment required.
Engineering, design and permitting required, located on
or requiring access across private property, heavy
equipment required.
Engineering, design, permitting and State Department of
Transportation let and/or oversight required, heavy
equipment required.
Invasive and/or non-native vegetation that overtakes the
channel, disrupts flow, and/or blocks aquatic
connectivity.
Natural grade/velocity impediments (e.g., waterfalls),
natural wetland flow dispersion, or natural flow
infiltration or interstitial flow.
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5.

Results: Theoretical Data Tools

Wildlife habitat maps for Ozaukee County were generated for each species model (Appendix F). In the
next section model results are compared to other conservation data and planning.

5.1

Introduction to Model Comparisons to Occurrence Records

The objective of these comparisons was to determine how well the models predicted existing suitable
habitat for the umbrella species they were developed for. If the models are 100% accurate, then an
independent set of known occurrences should always fall within predicted suitable habitat. However,
the more lenient the model is in defining what constitutes suitable habitat, the more likely it is to
capture all species occurrence records, even in suboptimal habitat. In the latter case, the model is
over-estimating the suitable habitat extent, perhaps even selecting unsuitable habitat as suitable.
Therefore, any model capturing 100% of observations is suspected of being overly coarse and caution
should be used in applying it to conservation planning.
Several issues make comparing model results to species occurrence records problematic. Spatial scaling
mismatches require caution in making simple overlap comparisons, as the species data precision may
differ from the precision of the underlying GIS data (habitat class boundaries; typically 10 to 30 m
precision). Species occurrence precision variation results from how accurately the observer recorded the
location of the animal observed. In some cases this is limited by the GPS unit used (typically no more
precise than 10 m), in other cases by how well the location was matched to a point on the ground during
geoprocessing steps (e.g., placing it on an aerial photo or place name). Finally, and perhaps most
importantly, regardless of how accurate the species location is, animals are mobile and may be observed
while en route between two suitable habitat patches (e.g., crossing a road), or detected (heard or
observed) some distance from their physical location. Therefore associating predicted suitable habitat
areas (polygons) with point observations of species needs to take into account these scaling issues. This
was accomplished by first filtering species point data and rejecting very coarse precision records, then
buffering the points by some biologically relevant distance to produce a potentially occupied area (the
assumed activity area of the species). If a suitable habitat area predicted by the model falls within the
buffered species point area, it is assumed the species was utilizing the modeled habitat.
It is important to understand that model results are only a tool to assist in planning, and are designed to
discover areas that are most likely to have conservation value. Models should not be used to confirm
species presence at any particular location. If it is important to know if a species is actually present or
absent from a particular site, and no acceptable occurrence records are available, dedicated surveys
should be conducted at a level of effort designed to eliminate false absences (MacKenzie et al. 2002,
2006; Mackenzie and Royle 2005).
A summary of how successful models were in selecting suitable habitat associated with actual
occurrence records is presented in Table 5. In general, species occurrence records fell within the habitat
parameters predicted by the models, so most models are good at selecting habitat the target species
have been found in, and vice versa – at not selecting as habitat areas where species have not been
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reported from (i.e., predicting absence when the species is present). Most species records that fell
outside of predicted habitat areas were the result of GIS and species occurrence data deficiencies,
rather than incorrect model parameters, and hence can be ignored as not affecting the suitable habitat
model. However, six models returned 100% correspondence with species occurrences, which suggests
that these models may be over-estimating the actual suitable habitat extent.
Three hypotheses can be considered to explain why only a small portion of predicted suitable habitat
areas appear to be actually occupied. First, the model may be over-estimating the actual suitable habitat
area. This can occur where models use relatively coarse habitat classifications and finer critical habitat
features and their connectivity requirements are not well represented in the GIS layers, hence
parameters important to a species may not be discoverable (e.g., suitable hibernating and nesting sites).
It can also result from a model using GIS habitat classes the species may use only occasionally during its
life cycle that are over-represented in the model. The latter possibility was minimized by only using
habitat classes the target species were strongly associated with (WMV = 2 or 3). Adjustments for the
coarseness of the GIS habitat layers could not be made – they are what they are – and this project was
designed to see if they are useful.
Second, the species data may have many false absences because the species is cryptic and/or relatively
little sampling effort has been achieved; therefore it may actually occupy a more substantial area as the
model suggests. Testing this hypothesis would require large scale comprehensive sampling at a level of
effort where false absences are avoided. Third, the species may actually be utilizing only a small portion
of available suitable habitat due to recent population declines, or a lag between habitat suitability
development and species colonization of new sites (e.g., reforestation). If population declines are known
the former may be implicated. The latter mechanism should be considered near species range limits and
where habitat restorations have been achieved.
Five of the six models with 100% correspondence with species occurrences may be the result of poor
sample size, with very few occurrence records available to compare to the model results. In these cases
the model results may be accurate but comprehensive sampling is needed to verify them. However, in
two cases (Wet Forest, Coniferous or Mixed; Wetland/Upland Complex) population declines may also be
operating, confounding model verification (see model accounts).
The Open Water model had the lowest correspondence with species occurrences, which could result
from low sample sizes, GIS data limitations, or poorly performing model parameters. The remaining
models have good correspondence with species occurrences and can be used for planning, but if
confirmation of species presence is needed and acceptable records are not available, surveys should be
run.

5.2

Methods

The model results were overlain with an independent set of species distribution records gleaned from
various sources (see previous section). The number of records that fell within a selected buffer of the
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model results was then calculated. For birds a 200 m buffer was used, to account for detection of
individuals utilizing the modeled habitat areas which may be flying in and out of them as they feed, rest,
forage and move between habitat patches (e.g., pond complexes). Since individual occurrence records
often cluster at the same habitat areas where repeated observations are reported (spatial
autocorrelation), a more realistic measure of model success was achieved by visually examining the
occurrence records and assigning them to a lesser number of spatially discrete habitat areas (records
clustering around the same habitat features are treated as one record), then the number and proportion
of occupied habitat areas that were identified by the model results was calculated. To assist with
assigning habitat areas, for birds a 750 m buffer was created from the species occurrence point file and
dissolved so that overlaps merged (Figure 2). Each remaining polygon was then considered a discrete
habitat area unless it was clearly divided by a feature such as a major road. In a few cases if contiguous
habitat continued beyond 750 m to another habitat area these were considered one area. 750 m was
used as a reasonable distance to estimate a daily activity area for breeding birds. In many cases, eBird
localities cannot be determined precisely, such as where observers entered single point coordinates for
observations spanning many square miles over a half day. Occurrence records from habitat areas that
were not identified by the model results were then examined, with possible explanations for the model
missing them discussed. In some cases the occurrence records were from areas without suitable habitat
and may have represented non-breeding birds, or errors in occurrence record data. In other instances
non-selected but occupied habitat areas were in suitable habitat as defined by the model parameters
but errors in the GIS layers made them undiscoverable by the model (e.g., new habitat restorations
where GIS data are outdated). In instances where these errors are evident, adjustments and corrections
are discussed with estimated proportional changes to model success.
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Figure 2: Example of selecting Habitat Areas
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Species occurrence records not selected by the models were classified in two ways by examining record
data and time-concurrent aerial photos.
Class A:

The area around the occurrence record(s) is apparently suitable habitat and non-selection is
assumed to be a limitation of either the model selection parameters or the GIS data upon which
the model relies, making the site undiscoverable (e.g., where GIS habitat classes do not
accurately portray ground conditions). This was most evident in records from recent habitat
restoration projects where existing habitat is not updated in GIS layers. Class A errors generally
represent suitable habitat the models are missing due to a number of possible modeling
limitations.

Class B:

The area around the occurrence record(s) is apparently unsuitable habitat and occurrence
record errors or precision issues are suspected, with non-selection by the model desirable.
Generalized mapping issues may explain outliers which, if more precisely mapped, would have
clustered with selected habitat areas. For example, this can result from eBird users entering
generalized coordinates (e.g., Ahot spots@) which result in points mapped >200 m away from
where the bird was actually observed. Other bird outliers may be accurately mapped but
represent non-breeding individuals in urban or other non-breeding habitat. Class B errors
generally represent problems with species occurrence records and are records the model should
not be selecting as suitable habitat.

For mammals selected as umbrella species, sufficient numbers of species occurrence records were not
available to evaluate model success. For Wood Frog and Chorus Frog, records were evaluated as for
birds, except a 300 m buffer was used around occurrence record points as an assumed activity area of
the population (Semlitsch and Brodie 2003, Harper et al. 2008) to determine if the record was selected
by the model results (i.e., if predicted suitable habitat was close enough to the frog placement to
consider the prediction successful). This 300 m buffer was also used to determine the number of habitat
areas (analogous to the 750 m bird buffer), based on a 300 m activity area (op. cit.). For Blanding=s
Turtle, a 400 m buffer was used around occurrence record points as an assumed average activity area
for an individual (Ernst and Lovich 2009).

5.3

Open Water Model

The Open Water habitat model selects Open Water Wetlands, Aquatic Bed/Deep Marsh and Shallow
Marsh, but limits Open Water Wetlands to only if within 10 m of at least 5 acres of Aquatic Bed/Deep
Marsh or Shallow Marsh. The Black Tern and Pied-billed Grebe were used as umbrella species for this
model. The Black Tern is associated with semi-open stands of emergent vegetation and occasionally
floating bogs or mud islands in lakes and ponds, usually at high-quality sites, with an assured breeding
season (see Checklist for definition) of June. However, there are no breeding records for Ozaukee
County. The Pied-billed Grebe is associated with a variety of open water lakes and wetlands with
emergent vegetation and is a confirmed Ozaukee County breeder with an assured breeding season of
late May-June. Additional SLCI species associated with this umbrella habitat context are: fishes
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associated with vegetated warm waters if connected to permanent streams, American Beaver, Big
Brown Bat, Silver-haired Bat, Eastern Red Bat, Hoary Bat, Little Brown Bat, Northern Long-eared Bat,
American Bittern, American Black Duck, Black-crowned Night-Heron, Blue-winged Teal, Common
Gallinule, Forster's Tern, Great Blue Heron, Great Egret, King Rail, Least Bittern, Redhead, Trumpeter
Swan, Yellow-headed Blackbird, Central Newt, Common Watersnake, Western Foxsnake, Butler=s
Gartersnake, Eastern Spiny Softshell, Blanding=s Turtle, Eastern Musk Turtle, Prairie Crayfish, Digger
Crayfish.
Since only one June Black Tern record is available from the study area (1962 Cedarburg Swamp), we
used only post-1984 Pied-billed Grebe records recorded between May 20 and June 30 (N=21) for
comparing results of the Open Water habitat model with actual breeding distribution records. All
records used had a data vetting rank of C (see Checklist for definition) and estimated precision of 1200
m or less to allow for evaluation of eBird Hotspots.
4 of 21 species occurrence records (19%) fell within 200 m of suitable habitat areas predicted by the
model. These records cluster into 9 potential habitat areas, 3 of which (33%) were predicted by the
model. Of the 6 potential habitat areas missed by the model, 4 are considered Class A errors in suitable
habitat with GIS data issues probably making them undiscoverable (Harrington Beach State Park, CESA,
Mud Lake, Lion=s Den), and 2 are considered Class B errors in apparently unsuitable habitat and are
likely issues with coarse eBird data or detections of individuals wandering outside of breeding habitat
(Six Mile Road, O=Connell Lane). If we discard the 2 Class B records as invalid, then the model selects 3 of
7 remaining occupied habitat areas for 43% success.
The breeding areas missed by the model (Harrington Beach State Park, Lion=s Den, CESA, Mud Lake) can
be utilized to investigate why the model parameters and/or GIS data failed to identify them as suitable
habitat. The model performance may improve with a larger species occurrence record set (more surveys
could discover the species at proportionally more predicted sites), more accurate GIS data, or with
adjustments to better define Pied-billed Grebe habitat parameters that are discoverable in the GIS
layers. Adjusting the proximity factor or habitat classes the model utilizes may improve model results.
An apparent limitation of this model is the selection of Shallow Marsh habitat even when open water is
ephemeral. Adjusting the proximity factor to select Aquatic Bed/Deep Marsh and Shallow Marsh only if
within 10 m of Open Water is suggested, along with increasing the proximity distance for selecting Open
Water to only if within 25 m of at least 5 acres of Aquatic Bed/Deep Marsh or Shallow Marsh. Increasing
the proximity distance thus may overcome some non-selections due to coarse or improper GIS
classifications in actually more complex systems (e.g., Mud Lake, CESA). Of course, correcting the GIS
layer would result in the same improvement. Alternatively, an alternate umbrella species might be
considered that better matches this habitat context, such as bats, Blue-winged Teal, Redhead, or
Blanding=s Turtle.
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5.4

Shallow Marsh Model

The Shallow Marsh Model selects Aquatic Bed/Deep Marsh, Shallow Marsh <= 5 acre, Shallow Marsh > 5
acre, Wetland Meadows and Reed Canary Grass > 50%, but only includes Reed Canary Grass if the stand
is within 10 m of WMV=2 or 3 wetland types. American Bittern and Sora were used as umbrella species
for the Shallow Marsh Model. The American Bittern is associated with a wide variety of shallow
emergent marshes and wetlands, wooded swamp, and is usually in large, high-quality sites. It has an
assured breeding season of May and is considered to be a probable breeder in Ozaukee County. The
Sora is associated with shallow marsh and is a confirmed Ozaukee County breeder with an assured
breeding season of May-June. Additional SLCI species associated with this umbrella habitat context are:
fishes associated with vegetated warm waters if connected to permanent streams, Sedge Wren,
American Bittern, American Black Duck, Black Tern, Black-crowned Night-Heron, Blue-winged Teal,
Common Gallinule, Great Blue Heron, Great Egret, King Rail, Least Bittern, Northern Harrier, Northern
Pintail, Redhead, Sedge Wren, Trumpeter Swan, Spotted Salamander, Central Newt, Western Foxsnake,
Butler=s Gartersnake, Eastern Spiny Softshell, Blanding=s Turtle, Eastern Musk Turtle, Prairie Crayfish,
Digger Crayfish.
For comparing results of the Shallow Marsh habitat model with actual breeding distribution records we
used only post-1984 American Bittern records recorded in May, and only post-1984 Sora records
recorded in May or June (N=201). All records used had a data vetting rank of C and estimated precision
of 2882 m or less to allow for evaluation of eBird Hotspots.
147 of 201 combined species occurrence records (73%) fell within 200 m of suitable habitat areas
predicted by the model. These records clustered into 21 potential habitat areas, 13 of which (62%) were
predicted by the model. Of the 8 potential habitat areas missed by the model, 2 are considered Class A
errors in suitable habitat with GIS data or record precision issues probably accounting for non-selection
in the model (Harrington Beach State Park, Forest Beach Migratory Preserve). While both were recorded
as eBird hotspots (which have coarse precision), the model identified no suitable habitat at the Forest
Beach Migratory Preserve due to out-dated GIS data (habitat does now exist), while at Harrington Beach
State Park the model did identify suitable habitat within the precision level of the eBird record, so
non-selection is most likely a precision mismatch issue. 6 records are considered Class B errors in
unsuitable habitat with species data precision issues suspected (e.g., Six Mile Rd North, Six Mile Road,
Barton House, O=Connell Lane, two eBird traveling counts). If we discard the 6 Class B and Harrington
Beach State Park records as invalid due to poor precision, then the model selects 13 of 14 remaining
occupied habitat areas for 93% success.

5.5

Watery Wetland near Grassland Model

The Watery Wetland near Grassland habitat model selects Grassland, Open Water Wetlands, Aquatic
Bed/Deep Marsh, Shallow Marsh <= 5 acre, Shallow Marsh > 5 acre, and Wetland Meadows that are
larger than 0.5 acre and within 10 m of Grassland, and selects Grassland within 10 m of these wetland
types extending to 100 m (ca. 300 ft) from the wetland. The Blue-winged Teal, used as an umbrella
species, is associated with marshes with permanent water and open areas and nearby grasslands for
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nesting. The assured breeding season is May with breeding confirmed in Ozaukee County. Additional
SLCI species associated with this umbrella habitat context are: fishes associated with vegetated warm
waters if connected to permanent streams, Least Weasel, Star-nosed Mole, Big Brown Bat, Silver-haired
Bat, Eastern Red Bat, Hoary Bat, Little Brown Bat, Northern Long-eared Bat, American Bittern, American
Black Duck, American Woodcock, Black Tern, Black-crowned Night-Heron, Blue-winged Teal, Common
Gallinule, Forster's Tern, Great Blue Heron, Great Egret, King Rail, Least Bittern, Northern Harrier,
Northern Pintail, Redhead, Sedge Wren, Trumpeter Swan, Wilson's Phalarope, Yellow-headed Blackbird,
Central Newt, Eastern Milksnake, Western Foxsnake, Midland Brownsnake, Northern Red-bellied Snake,
Butler=s Gartersnake, Blanding=s Turtle, Prairie Crayfish, Digger Crayfish.
For comparing results of the Watery Wetland near Grassland habitat model with actual species breeding
occurrence records only post-1984 Blue-winged Teal records recorded in May were used (N=499). All
records had a data vetting rank of C and estimated precision of 2000 m or less to allow for evaluation of
eBird Hotspots.
291 of 499 species occurrence records (58%) fell within 200 m of suitable habitat areas predicted by the
model. These records clustered into 33 potential habitat areas, 23 of which (70%) were predicted by the
model. Of the 10 potential habitat areas missed by the model, 4 are considered Class A errors in suitable
habitat with GIS data or record precision issues probably making them undiscoverable (Harrington
Beach State Park, Forest Beach Preserve; Waubedonia, Hawthorne Hills and Ehlers County Parks along
the Milwaukee River), and 6 are considered Class B errors in unsuitable habitat with eBird data precision
issues suspected (e.g., Six Mile sites, Port Washington harbor, O=Connell Lane). Non-selected eBird
hotspots that did have suitable habitat predicted close enough that observations could have been
attributed to it were Harrington Beach State Park, and Waubedonia, Hawthorne Hills and Ehlers County
Parks along the Milwaukee River. If we discard the 6 Class B records as invalid, then the model selects 23
of 27 remaining occupied habitat areas for 85% success. Success improves further if the Class A eBird
hotspots with coarse data and nearby suitable habitat predicted are removed (23 or 24, 96%). The
model might be improved if it were adjusted to include wetland - grassland complexes that are greater
than 10 m apart, but this may increase error identifying as suitable habitat areas that actually are not
suitable. The Class A error sites should be examined to determine what the issues are that resulted in
non-selection.

5.6

Wet Meadow Model

The Wet Meadow habitat model selects Grassland, Shallow Marsh <= 5 acre, Shallow Marsh > 5 acre,
and Wetland Meadows where Shallow Marsh is included only if within 10 m of the other wetland types,
and Grassland included only if adjacent to (within 10 m of) the other wetland types. The Sedge Wren
was used as the umbrella species and is associated with sedge meadows, wet meadows dominated by
reed-canary grass, wet and wet-mesic prairie, and any dense upland grassland with thick thatch. The
assured breeding season is June with breeding probable in Ozaukee County. Additional SLCI species
associated with this umbrella habitat context are: Least Weasel, Star-nosed Mole, American Woodcock,
Forster=s Tern, King Rail, Least Bittern, Northern Harrier, Northern Pintail, Redhead, Wilson=s Phalarope,
44 | P a g e

Spotted Salamander, Central Newt, Eastern Milksnake, Western Foxsnake, Midland Brownsnake,
Northern Red-bellied Snake, Butler=s Gartersnake, Blanding=s Turtle, Prairie Crayfish, Digger Crayfish.
For comparing results of the Wet Meadow habitat model with actual Sedge Wren breeding records we
used only post-1984 records recorded in June (N=50). All records had a data vetting rank of C and
estimated precision of 2882 m or less to allow for evaluation of eBird Hotspots.
29 of 50 species occurrence records (58%) fell within 200 m of suitable habitat areas predicted by the
model. These records clustered into 16 potential habitat areas, 9 of which (56%) were predicted by the
model. Of the 7 potential habitat areas missed by the model, 1 is considered a Class A error in suitable
habitat with GIS data issues probably making it undiscoverable (Riveredge Nature Center, where even
though the record precision is poor no suitable habitat was selected by the model within the entire
survey route), and 6 are considered Class B errors in unsuitable habitat with precision issues suspected
(all eBird records: Six Mile sites, Sucker Creek traveling count, KW South, KK Pond). If we discard the 6
Class B records as invalid, then the model selects 9 of 10 remaining occupied habitat areas for 90%
success. The model might be improved if it were adjusted to include wetland - grassland complexes that
are greater than 10 m apart, but this may increase error identifying as suitable habitat areas that
actually are not suitable.

5.7

Wet Shrub Model

The Wet Shrub habitat model selects Wetland Meadows and Wetland Shrub with Wetland Meadows
included only if within 10 m of Wetland Shrub. The Alder/Willow Flycatcher complex was used as an
umbrella species, associated with lowland shrub habitats (especially willow or alder dominated shrub
swamps) and open upland habitats with shrubs. The assured breeding season is June with breeding
probable in Ozaukee County for Alder Flycatcher and confirmed for Willow Flycatcher. Additional SLCI
species associated with this umbrella habitat context are: American Woodcock, Veery, Wilson=s
Phalarope, Prairie Crayfish, Digger Crayfish.
For comparing results of the Wet Shrub habitat model with actual Alder/Willow Flycatcher complex
breeding records we used only post-1984 records in June (N=388). All records had a data vetting rank of
C and estimated precision of 2882 m or less to allow for evaluation of eBird Hotspots.
202 of 388 (48%) species occurrence records fell within a 200 m buffer of the suitable habitat areas
predicted by the model. These records clustered into 29 potential habitat areas, 15 of which (52%) were
predicted by the model. Of the 14 potential habitat areas missed by the model, 7 are considered Class A
errors in suitable habitat with GIS data or precision issues probably making them undiscoverable (Trinity
Creek Restoration, Schwengel WPA and Mequon Nature Preserve where wetland classes are likely
outdated; Hawthorne Hills Golf Course a large area where record precision and wetland classes may be
at issue; and Hapner Sites 7, 12, 24, 27, 28 where wetland classes are likely outdated). 7 potential
habitat areas are considered Class B errors in unsuitable habitat with precision issues suspected (eBird
Six Mile, KW South sites, Ozaukee County northeast, Port north/west of FBMP, Port Washington
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harbor). If we discard the 7 Class B records as invalid, then the model selects 15 of 22 remaining
occupied habitat areas for 68% success. Since wet shrub habitat is a community that can develop quite
rapidly, the success of this model is highly dependent upon frequently updated GIS layers that reflect
current ground conditions.

5.8

Wet Forest, Coniferous or Mixed Model

The Wet Forest, Coniferous or Mixed habitat model selects Upland Forest, Wetland Forest Broad leaved,
Wetland Forest coniferous, Wetland Forest mixed, and Wetland Shrub, but Upland Forest is included
only if within 100 m of these wetland types. Veery and Black-and-White Warbler were used as umbrella
species. The Veery is associated with a wide variety of mesic to wet forest cover types and successional
stages provided there is thick deciduous undergrowth present. The Black-and-White Warbler is
associated with large forest tracts, mixed or deciduous. For both species the assured breeding season is
June with breeding probable in Ozaukee County. Additional SLCI species associated with this umbrella
habitat context are: fishes associated with vegetated floodplains if connected to permanent streams,
Black-crowned Night-Heron, Great Blue Heron, Great Egret, Prothonotary Warbler, Red-shouldered
Hawk, Yellow-crowned Night-Heron, Prairie Crayfish, Digger Crayfish.
For comparing results of the Wet Forest, Coniferous or Mixed habitat model with actual breeding
distribution records we used only post-1984 Veery and Black-and-White Warbler records in June (N=55).
All records had a data vetting rank of C and estimated precision of 200 m or less to allow for evaluation
of eBird Hotspots.
54 of 55 (98%) species occurrence records fell within a 200 m buffer of the suitable habitat areas
predicted by the model. These records clustered into 6 potential habitat areas, 5 of which (83%) were
predicted by the model. The potential habitat area missed by the model (Lion=s Den Gorge) was an eBird
traveling count with a Class A precision error suspected, where the actual location could have been
within nearby predicted suitable habitat. If this record is considered invalid then the model achieves
100% predictive success. The model may be over-estimating the extent of suitable habitat, but the low
sample size makes this possibility difficult to examine. An alternative explanation is that the model
results are substantially accurate, but that much suitable habitat is unoccupied due to recent population
declines (Cutright et al. 2006). Since these species prefer large forest tracts, model over-estimation of
habitat extent may be reduced by eliminating smaller habitat patches.

5.9

Wet Forest, Deciduous Model

The Wet Forest, Deciduous habitat model selects Upland Forest, Wetland Forest Broad leaved and
Wetland Forest mixed, but only includes Upland Forest if within 100 m of these wetland types. American
Redstart and Blue-gray Gnatcatcher were used as umbrella species. The American Redstart is associated
with deciduous forest, usually with maples. The Blue-gray Gnatcatcher is associated with mostly upland
deciduous forest and shrubs, preferring white oak stands. For both species the assured breeding season
is June with breeding confirmed in Ozaukee County. Additional SLCI species associated with this
umbrella habitat context are: fishes associated with vegetated floodplains if connected to permanent
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streams, American Woodcock, Black-crowned Night-Heron, Great Blue Heron, Great Egret, Prothonotary
Warbler, Red-shouldered Hawk, Veery, Yellow-crowned Night-Heron, Prairie Crayfish, Digger Crayfish.
For comparing results of the Wet Forest, Deciduous habitat model with actual breeding distribution
records we used only post-1984 American Redstart and Blue-gray Gnatcatcher records recorded in June
(N=423). All records had a data vetting rank of C and estimated precision of 2882 m or less to allow for
evaluation of eBird Hotspots.
320 of 423 (76%) species occurrence records fell within a 200 m buffer of the suitable habitat areas
predicted by the model. These records clustered into 28 potential habitat areas, 23 of which (82%) were
predicted by the model. Of the 5 potential habitat areas missed by the model, 1 is considered a Class A
error in suitable habitat with GIS data or precision issues probably making it undiscoverable (CESA, likely
with outdated GIS data). 4 potential habitat areas are considered Class B errors in unsuitable habitat
with precision issues suspected, and suitable predicted habitat nearby (all are eBird sites - KK Pond area,
KW East, Port north/west of FBMP, and ALion=s Den Gorge@ mapped at a location considerably south of
this natural area). If we discard the 4 Class B records as invalid, then the model selects 23 of 24
remaining occupied habitat areas for 96% success. The Class A error at CESA should be investigated to
determine is GIS data needs updating.

5.10

Deep Marsh and Shallow Marsh

The Deep Marsh and Shallow Marsh habitat model selects Open Water Wetlands, Aquatic Bed/Deep
Marsh, Shallow Marsh <= 5 acre, and Shallow Marsh > 5 acre with no proximity factors. The Muskrat was
used as an umbrella species, which is believed to be common in Ozaukee County marshes, lakes and
wetlands with aquatic vegetation, especially cattails. However, only two occurrence records were
available for this species, both for the Cedarburg Bog general area. While the model did identify this
area as having suitable habitat, the lack of species occurrence records make conclusions on model
success premature. Additional SLCI species associated with this umbrella habitat context are: fishes
associated with vegetated warm waters if connected to permanent streams, American Bittern, American
Black Duck, Black Tern, Black-crowned Night-Heron, Blue-winged Teal, Common Gallinule, Forster=s
Tern, Great Blue Heron, Great Egret, King Rail, Least Bittern, Northern Harrier, Northern Pintail,
Redhead, Sedge Wren, Trumpeter Swan, Yellow-headed Blackbird, Spotted Salamander, Central Newt,
Common Watersnake, Western Foxsnake, Butler=s Gartersnake, Eastern Spiny Softshell, Blanding=s
Turtle, Eastern Musk Turtle, Prairie Crayfish, Digger Crayfish.

5.11

Wet Meadow / Grassland

The Wet Meadow / Grassland habitat model selects Upland Grassland and Wetland Meadows with no
proximity factors. The Meadow Vole was used as an umbrella species, which is considered common in
Ozaukee County grasslands, preferring black soils and wet environments. Additional SLCI species
associated with this umbrella habitat context are: Least Weasel, Star-nosed Mole, American Woodcock,
Forster=s Tern, King Rail, Least Bittern, Northern Harrier, Northern Pintail, Redhead, Sedge Wren,
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Wilson=s Phalarope, Central Newt, Eastern Milksnake, Western Foxsnake, Midland Brownsnake,
Northern Red-bellied Snake, Butler=s Gartersnake, Blanding=s Turtle, Prairie Crayfish, Digger Crayfish.
For comparing results of the Wet Meadow / Grassland model with actual Meadow Vole occurrences,
only 21 records were available with fine enough precision (23 m, data vetting rank of C) and these were
limited to only 2 habitat areas, both of which fell within suitable habitat predicted by the model. The
small sample size makes conclusions on model success premature.

5.12

Wet Forests

The Wet Forests habitat model selects Upland Grasslands, Upland Forest, Wetland Meadows, Wetland
Forest Broad leaved, Wetland Forest coniferous, Wetland Forest mixed, and Wetland Shrub with no
proximity factors. The Masked Shrew was used as an umbrella species, which is a common shrew
associated with wet forests, swamps, bogs, and marshes, many habitats including sandy, grassy and
forested. Additional SLCI species associated with this umbrella habitat context are: American Woodcock,
Black-crowned Night-Heron, Great Blue Heron, Great Egret, Prothonotary Warbler, Red-shouldered
Hawk, Veery, Yellow-crowned Night-Heron, Prairie Crayfish, Digger Crayfish.
For comparing results of the Wet Forests model with actual Masked Shrew occurrence, only 3 records
from two habitat areas were available (precision 301 m and 540 m, data vetting rank of B), both of
which had suitable habitat predicted within their precision distance by the model. The small sample size
makes conclusions on model success premature.

5.13

Wetlands near Grasslands

The Wetlands near Grasslands habitat model selects Upland Grasslands, Aquatic Bed/Deep Marsh,
Shallow Marsh <= 5 acre, Shallow Marsh > 5 acre, Wetland Meadows, Wetland Shrub, and Reed Canary
Grass > 50%, where wetland types are larger than 0.5 acre and within 10 m of Upland Grasslands and
Upland Grasslands are larger than 0.5 acre and within 10 m of these wetland types, and Upland
Grasslands extending up to 300 m from the wetland. The Chorus Frog was used as an umbrella species,
which is thought to be associated with grasslands and savannas, and utilizes temporary to
semi-permanent wetlands for breeding, including in forested settings. Additional SLCI species associated
with this umbrella habitat context are: Least Weasel, Star-nosed Mole, American Woodcock, Forster=s
Tern, King Rail, Least Bittern, Northern Harrier, Northern Pintail, Redhead, Sedge Wren, Wilson=s
Phalarope, Central Newt, Eastern Milksnake, Western Foxsnake, Midland Brownsnake, Northern
Red-bellied Snake, Butler=s Gartersnake, Blanding=s Turtle, Prairie Crayfish, Digger Crayfish.
For comparing results of the Wetlands near Grasslands habitat model with actual Chorus Frog
distribution records we used only post-1984 records (N=169). All records had a data vetting rank of C or
higher and estimated precision of <200 m.
128 of 169 (76%) species occurrence records fell within a 300 m buffer of the suitable habitat areas
predicted by the model. These records clustered into 27 potential habitat areas, 24 of which (89%) were
predicted by the model. Of the 3 potential habitat areas missed by the model, all are considered Class A
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errors in suitable habitat with GIS data or precision issues probably making them undiscoverable (CESA,
Lemke Park, Grasslyn Nature Preserve). All lack existing grassland habitat but have the required
ephemeral ponds in forested settings, which are not captured by the current model.

5.14

Wetlands near Woodlands

The Wetlands near Woodlands habitat model selects Upland Forest, Aquatic Bed/Deep Marsh, Shallow
Marsh <= 5 acre, Shallow Marsh > 5 acre, Wetland Meadows, Wetland Forest Broad leaved, Wetland
Forest coniferous, Wetland Forest mixed, and Wetland Shrub, but wetland types must be larger than 0.5
acre and within 10 m of Upland Forest and Upland Forest must be larger than 0.5 acre and within 10 m
of selected wetland types and extend no further than 300 m from the wetland. The Wood Frog was used
as an umbrella species and is associated with forests with temporary to semi-permanent wetlands.
While the Wood Frog uses wetlands smaller than 0.5 acre these could not be included in the model due
to GIS data constraints. Additional SLCI species associated with this umbrella habitat context are:
American Woodcock, Black-crowned Night-Heron, Great Blue Heron, Great Egret, Red-shouldered Hawk,
Veery, Willow Flycatcher, Yellow-crowned Night-Heron, Spotted Salamander, Central Newt, Northern
Red-bellied Snake, Blanding=s Turtle, Prairie Crayfish, Digger Crayfish.
For comparing results of the Wetlands near Woodlands habitat model with actual Wood Frog
distribution records we used only post-1984 records (N=281). All records had a data vetting rank of C or
higher and estimated precision of <275 m.
All (100%) of 281 species occurrence records fell within a 300 m buffer of the suitable habitat areas
predicted by the model. If the buffer is reduced to 30 m (the precision of the underlying GIS layers) 254
of 281 records are selected (90%). These records clustered into 21 potential habitat areas, all of which
(100%) were predicted by the model (only 2 are missed with a 30 m buffer applied, both close to
identified suitable habitat). This model may be over-estimating suitable habitat, but changes that would
reduce the selected habitat are not apparent, constrained by the coarseness GIS habitat class data.
When available, adding a verified ephemeral pond layer to the analysis may improve the model, as may
adding an attribute to indicate if the wetland is occupied by fish or not.

5.15

Wetland/Upland Complex

The Wetland/Upland Complex habitat model selects Upland Grasslands, Upland Forest, Open Water
Wetlands, Aquatic Bed/Deep Marsh, Shallow Marsh <= 5 acre, Shallow Marsh > 5 acre, Wetland
Meadows, Wetland Forest Broad leaved, Wetland Forest coniferous, Wetland Forest mixed, and
Wetland Shrub. The Blanding=s Turtle was used as an umbrella species and prefers wetlands with
abundant aquatic vegetation, ephemeral wetlands (spring), and weedy lake margins, with nearby
nesting areas in well drained sand or gravel soils, including agricultural fields, gardens and gravel
driveways or roadsides. Additional SLCI species associated with this umbrella habitat context are: Least
Weasel, American Woodcock, Black-crowned Night-Heron, Great Blue Heron, Great Egret, Northern
Harrier, Northern Pintail, Willow Flycatcher, Yellow-crowned Night-Heron, Spotted Salamander, Central
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Newt, Eastern Milksnake, Western Foxsnake, Midland Brownsnake, Northern Red-bellied Snake, Butler=s
Gartersnake, Prairie Crayfish, Digger Crayfish.
For comparing results of the Wetland/Upland Complex habitat model with actual Blanding=s Turtle
distribution records we used only post-1981 records (N=8). All records had a data vetting rank of C or
higher and estimated precision of <500 m.
All (100%) of the Blanding=s Turtle records fell within a 400 m buffer of suitable habitat areas predicted
by the model. If the buffer is reduced to 30 m (the precision of the underlying GIS layers) 7 of 8 records
are selected (88%). These records clustered into 7 potential habitat areas, all of which (100%) were
predicted by the model (only 1 is missed with a 30 m buffer applied).
If the model is over-estimating the suitable habitat area this may be attributable to selecting all coarse
GIS habitat classes the species uses during its life cycle, where finer critical habitat features and their
connectivity requirements are not well represented in the GIS layers, hence parameters important to
turtles may not be discoverable (e.g., suitable hibernating and nesting sites). However, eliminating the
WMV=2 habitat classes (Open Water Wetlands, Wetland Meadows, Wetland Forest coniferous) did not
change selection results. The GIS habitat classes that were within the 7 suitable habitat areas were:
Upland Grasslands, Upland Forest, Wetland Forest Broad leaved, Aquatic Bed/Deep Marsh, Surface
Water, Shallow Marsh <= 5 acre, Wetland Shrub, Reed Canary Grass >50%, and No Data. This suggests
that Shallow Marsh >5 acre and Wetland Forest Mixed could be removed from the model.
Another possibility for the large area of predicted suitable habitat without Blanding=s Turtle occurrence
records, is that there are many false absences in the species data, because Blanding=s Turtles are cryptic
and relatively little sampling effort has been achieved - therefore the model predictions may be
substantially correct. Testing this hypothesis would require large scale comprehensive sampling at a
level of effort where false absences are avoided. Blanding=s Turtles may also be utilizing only a small
portion of available suitable habitat due to recent population declines. They are thought to be in decline
due mainly to subsidized nest predators (e.g., raccoons) reducing reproductive success, and these
predators and high density roadways increasing adult mortality (Reid and Peery 2014). Little adult
mortality can be tolerated in this species (Congdon et al. 1993). Therefore a range contraction with
suppressed or extirpated populations is plausible. If suitable habitat is in fact not limiting (and the model
is substantially correct), then control of predators and reduction of road mortality should result in
re-occupation of habitat and burgeoning turtle numbers.
Given the small number of Blanding=s Turtle occurrence records currently available to test the model
confidence in any analysis results is limited. It is therefore recommended that this species conservation
needs instead be addressed within the specific landscapes it is known to occupy.
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Table 5: Model capture rates of independent occurrence records (N = sample size)
Model

Class A
Errors

Class B
Errors

Estimated Capture
Rates

Open Water (Black Tern, Pied-billed Grebe, N=7)

4

2

43%*

Shallow Marsh (American Bittern, Sora, N=14)

2

6

93%

Watery Wetland near Grassland (Blue-winged Teal,
N=27)

4

6

85%

Wet Meadow (Sedge Wren, N=90)

1

6

90%

Wet Shrub (Alder/Willow Flycatcher, N=22)

7

7

68%

Wet Forest, Coniferous or Mixed (Veery,
Black-and-White Warbler, N=5)

1

0

100%*

Wet Forest, Deciduous (American Redstart, Blue-gray
Gnatcatcher, N=24)

1

4

96%

Deep Marsh and Shallow Marsh (Muskrat, N=1)

0

0

100%*

Wet Meadow /Grassland (Meadow Vole, N=2)

0

0

100%*

Wet Forests (Masked Shrew, N=2)

0

0

100%*

Wetlands near Grasslands (Chorus Frog, N=27)

3

0

89%

Wetlands near Woodlands (Wood Frog, N=21)

0

0

100%

Wetland/Upland Complex (Blanding=s Turtle, N=7)

0

0

100%*

* - low number of occurrence records make conclusions premature
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6.

Comparing Assessed Species of Local Conservation Interest
Occurrences with Other Conservation Planning Initiatives

A major objective of this project was to determine if better planning can be achieved by developing the
biodiversity databases and tools provided. The modeling tools attempt to predict where suitable habitat
contexts currently exist, and provide means for evaluating where preservation, enhancement and new
restorations will achieve the greatest value. For example, fish passage impediments are mapped and
tools assist with evaluating how much stream mileage will be opened to fish passage under varying
scenarios of barrier removals, and how riparian habitat improvements for water quality and fish habitat
(such as restoration of PRWs) can best achieve added value by also enhancing habitat for semi-aquatic
and terrestrial SLCI – all in a GIS format that allows for concurrent assessment of social constraints such
as land value, zoning and transportation planning.
In addition to these modeling tools, species data layers were developed that identify currently known
occupied habitat areas. These are especially important to identify, preserve and enhance, especially for
poorly mobile species that cannot move out of the way of development. A conservative "first do no
harm" planning policy may then be applied. Building off of existing populations to preserve, enhance,
restore and potentially delist SLCI is also the most efficient way to utilize scarce conservation funds,
because it is easier to fix a system in disrepair than it is to recreate it from scratch. In this section how
actual occurrences of SLCI compare to recommendations from other planning initiatives is discussed, to
illustrate how this project differs from and adds value to other conservation initiatives.

6.1

MMSD Greenseams

Greenseams is an innovative flood management program that permanently protects key lands
containing water absorbing soils (The Greenseams Program 2013). Created by the Milwaukee
Metropolitan Sewerage District and implemented by The Conservation Fund, the program makes
voluntary purchases of undeveloped, privately owned properties in areas expected to have major
growth in the next 20 years, and which have open space along streams, shorelines and wetlands. All
land acquired remains undeveloped, protecting water quality and providing the ability to store rain and
melting snow. Wetlands maintenance and restoration at these sites enhances water storage capacity. As
a side benefit the program also preserves wildlife habitat and creates recreational opportunities for
people living in the region. Where applicable, the properties can be used for hiking, bird watching, and
other passive recreation. This program is an ideal candidate for using the Wildlife Tool and data for SLCI
developed here, where added value can be achieved to the primary focus of flood water storage by
additional planning and collaboration.
Current Greenseams properties are illustrated in Figure 3, overlain on highest quality wildlife habitat
identified by the Wildlife Tool (HQI>5). Also displayed are actual occurrence records for SLCI (post-1984,
vetting rank C and higher, precision <1,000 m). Added value is clearly illustrated where Greenseams
properties connect and supplement identified high quality habitat areas, and future collaboration
promises to increase this value further, especially if properties occupied by SLCI are prioritized. Species
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especially associated with floodplain areas suitable for the Greenseams program are all fishes and other
aquatic species (e.g., mussels, amphibians) resident in adjacent streams where water quality is improved
by preserving adjacent floodplain habitat, all primary burrowing crayfish (which are associated with high
water tables and friable soils), and any other SLCI species the individual parcel may provide specific
habitat for, which is discoverable through species data layers and habitat associations outlined in the
species checklists. Potential use of these data by the Greenseams program could include examining
overlays of HQI, specific habitat context models, and SLCI distribution data, to determine how parcels
under consideration compare for wildlife habitat value, then determine if higher priority can be given to
parcels containing or adjacent to existing populations of rare species, or which have high value habitat
model scores. Post-acquisition, these same tools can be used to encourage partners who manage
parcels to identify and manage for the supported SLCI. Prioritizing parcels of equal value to Greenseams
parameters by their value as wildlife habitat adds value to the program and increases partnership
opportunities.

6.2

Land Trusts and other NGOs, Public Lands

Benefits of the Wildlife Tool and species data layers to land trusts and other NGOs (e.g., nature centers,
public lands) and public landowners mirror those to the Greenseams program. In short, where wildlife
habitat preservation and enhancement is an objective, existing properties can be evaluated for SLCI
occurrences and potential occurrence (through the modeling, species data and checklist information)
and then better managed for them, and planning for new acquisitions or easements can be improved by
overlaying habitat value models and SLCI known occurrences to better prioritize selections. These tools
include aquatic habitat, such as evaluating fish barrier removal prioritization, fish and mussel spawning
habitat, and riparian habitat critical to semi-aquatic birds, amphibians and reptiles. They can also assist
in developing inventory and monitoring programs beneficial to landowner objectives to determine if
species are present or restored.
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Figure 3: Greenseams program comparison
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6.3

SEWRPC Natural Areas and Critical Species Habitat

The Southeastern Wisconsin Regional Planning Commission (SEWRPC) produces wildlife habitat plans for
their natural areas and critical species habitat protection and management planning (Southeastern
Wisconsin Regional Planning Commission 1997, 2010; Southeastern Wisconsin Regional Planning
Commission and Ozaukee County Planning and Parks Department 2011). These reports included three
GIS layers developed for Natural Areas, Critical Species Habitat and Critical Aquatic Habitat, intended to
identify and plan for these features.
Natural Areas
Natural areas are tracts of land or water so little modified by human activity, or sufficiently recovered
from the effects of such activity, that they contain intact native plant and animal communities believed
to be representative of the landscape before European settlement. Natural areas sites are classified into
one of three categories: natural areas of statewide or greater significance (NA-1), natural areas of
countywide or regional significance (NA-2), and natural areas of local significance (NA-3). Classification
of an area into one of these three categories is based upon consideration of the diversity of plant and
animal species and community types present; the structure and integrity of the native plant or animal
community; the extent of disturbance from human activity, such as logging, agricultural use, and
pollution; the commonness of the plant and animal community; unique natural features; the size of the
site; and the educational value.
A total of 50 natural areas, encompassing about 7,657 acres, were identified in Ozaukee County in 2009.
Of the 50 identified sites, six are classified as NA-1 sites and encompass about 2,783 acres, 12 are
classified as NA-2 sites and encompass about 1,718 acres, and 32 are classified as NA-3 sites and
encompass about 3,156 acres.
Critical Species Habitat
Critical species habitat sites are those areas, outside of natural areas, where the chief value lies in their
ability to support rare, threatened, or endangered species. Such areas constitute Acritical@ habitat that is
important to ensure survival of a particular species or group of species of special concern. A total of 17
sites supporting threatened or rare plant or bird species have been identified in Ozaukee County. A total
of 22 aquatic sites supporting threatened or rare fish, herptile, or mussel species have also been
identified in the County. There are 67.3 stream miles and 406 lake acres of critical aquatic habitat in
Ozaukee County.
To evaluate how this planning compares to the empirical species data collected here, spatial overlays
were examined. Considering only post-1984 SLCI records, vetting rank C and higher, and removing
coarse precision records (>1,000 m), only 2,063 of the 17,396 remaining SLCI records (12%) fall within
the combined SEWRPC Natural Areas, Critical Species Habitat and Critical Aquatic Habitat layers. This
large discrepancy is expected given that this planning did not address SLCI, but only state listed species
(some of which are also SLCI). This is an important discrepancy to examine, as regional conservation
planning should address regional species biodiversity to maximize both scientific and cultural benefits
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(Alcock et. al 2014). State level planning is often too coarse to inform many regional conservation issues,
and typically lags substantially behind local planning due to the scope of work involved. Substantial
improvements to planning could be achieved by simply including SLCI in future regional planning.
For a more realistic comparison, only state listed species were considered, and only post-1984 records
with a vetting rank of C and higher, and a precision <2,000 m or associated with a large feature (e.g.,
Milwaukee River fish and Cedarburg Bog). This subset more closely matches SEWRPC criteria, but in this
case only 137 of 2,225 records (6%) fall within the combined SEWRPC Natural Areas, Critical Species
Habitat and Critical Aquatic Habitat layers – a larger than expected discrepancy. To further constrain the
comparison, only NHI data were compared to SEWRPC layers, assuming these were the only data used
to inform the planning. In this case the various NHI provided layers were overlain on the combined
SEWRPC layers and overlaps were: 8 of 14 (57%) for records in the Animal Src Points layer, 1 of 18 (5%)
for records in the DNR fish database layer, 279 of 527 (53%) for records in the NHI Invertebrate Atlas
layer, 4 of 100 (4%) for records in the USGS Fish Gap Database layer, 38 of 76 (50%) for records in the
Animal EO Polygons layer, 56 of 97 (58%) for records in the Animal Src Polygons layer, and 25 of 82
(30%) for records in the NHI Select GLRI Fauna layer.
These differences suggest that either most known state listed species records did not meet SEWRPC
criteria for A..intact native plant and animal communities believed to be representative of the landscape
before European settlement..@, A..ability to support rare, threatened, or endangered species..@, or
A..habitat that is important to ensure survival of a particular species or group of species..@, or that the
data evaluated for these studies was incomplete. The SEWRPC criteria used for evaluating what
constitutes Arepresentative@, Aability to support@, or Aensure survival@ are also not well defined. The
SEWRPC evaluation criteria might be improved by embracing the SLCI concept, enhanced data
acquisition, and incorporating known critical habitat constraints for rare species, such as minimum
viable habitat patch size, required habitat quality metrics from peer reviewed literature, assessment of
the availability of specific critical habitat features on landscapes (e.g., spawning beds, nesting grounds,
denning sites, food plants), assessment of landscape level barrier and movement constraints for less
mobile species, and any available information on population size and minimum viable population size.
Utilizing such criteria would provide better support for use of the term "critical habitat" and improve
conservation planning.

6.4

SEWRPC Environmental Corridors

The Southeastern Wisconsin Regional Planning Commission (op. cit.) has identified environmental
corridors based upon the presence of one or more of the following features: 1) rivers, streams, lakes and
associated shorelands and floodlands; 2) wetlands; 3) woodlands; 4) prairies; 5) wildlife habitat areas; 6)
wet (hydric), poorly drained, and organic soils; and 7) rugged terrain and high relief topography. The
presence of elements that are closely related to the natural resource base, including park and open
space sites, natural areas, historic sites, and scenic views, are also considered in the delineation of
environmental corridors. Primary Environmental Corridors are a minimum of 400 acres in size, two miles
in length, and 200 feet in width. Secondary Environmental Corridors connect with the Primary
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Environmental Corridors and are at least 100 acres in size and one mile in length. Secondary
Environmental Corridors contain a variety of resource elements and are often remnant resources from
Primary Environmental Corridors that have been developed with intensive agricultural or urban uses.
Areas at least five acres in size which contain important natural resource base elements, but are
separated physically from Primary and Secondary environmental corridors by intensive urban or
agricultural land uses have also been identified and have been termed AIsolated Natural Resource
Areas@. Isolated Natural Resource Areas may provide the only available wildlife habitat in an area,
provide good locations for local parks and nature areas, and lend aesthetic character and natural
diversity to an area. Like the SEWRPC Natural Areas and Critical Species Habitat layers, a combined
environmental corridor and Isolated Natural Resource Areas layer should theoretically significantly
correspond with the empirical species data layers, and Tool models of existing fish and wildlife habitat,
developed here.
The combined SEWRPC environmental corridor and Isolated Natural Resource Areas layers overlap with
6,116 of 17,396 (35%) of recent SLCI records (as defined for the previous section). A discrepancy is
expected given that this planning did not address SLCI, but only state listed species (some of which are
also SLCI), however, it also attempts to identify general wildlife habitat so substantially greater overlap
was expected. Substantial improvements to this planning could be achieved by including SLCI in
planning.
For a more realistic comparison using only state listed species (as defined for the previous section) we
find that 775 of 2,225 records (35%) fall within the combined SEWRPC layers, and for only NHI data,
overlaps were: 12 of 14 (86%) for the Animal Src Points layer, 18 of 18 (100%) for the DNR fish database
layer, 522 of 527 (99%) for the NHI Invertebrate Atlas layer, 100 of 100 (100%) for the USGS Fish Gap
Database, 74 of 76 (97%) for the Animal EO Polygons layer, 94 of 97 (97% for the Animal Src Polygons
layer, and 61 of 82 (74%) for the NHI Select GLRI Fauna layer. These differences with NHI data are fairly
insignificant and suggest that these planning layers do capture most state listed species habitat if kept
up to date.
Finally, comparing the combined SEWRPC layers to our high HQI model reveals a number of areas where
environmental corridor planning might be extended (Figure 4). The model illustrates where corridor
extensions and new isolated natural areas might be considered based on high HQI value or the presence
of SLCI. Some of the areas identified by the HQI model are newly restored habitats that were not
present when the SEWRPC layers displayed here were developed (2007). Substantial improvements to
planning may be achieved by more closely investigating these potential additions.
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Figure 4: Environmental Corridors Comparison
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6.5

Natural Heritage Inventory and State Wildlife Action Plan

These Wisconsin DNR programs utilize statewide rankings of state listed species to guide conservation
planning and regulatory review. Many other regulatory, conservation and planning initiatives rely in turn
almost exclusively on these same data, with the potential to compound any errors or omissions across
multiple outlets (e.g., Lake Michigan Lakewide Management Plan 2008; Wichert et al. 2005). During this
study we noted errors and omissions in these data, with an example shown in Figure 5. Incorporating
the corrected and additional species occurrence records from this study could improve these programs,
but if these omission rates are typical of other regions, planners and conservation studies should
routinely supplement NHI data as demonstrated here and not rely upon it as a sole source.
There is further opportunity to consider the local conservation ranking system developed here in a
future revision of the State Wildlife Action Plan (SWAP). The SLCI rankings for Ozaukee County can be
evaluated for informing SWAP species rankings (termed "Species of Greatest Conservation Need") in the
three Ecological Landscape units found in Ozaukee County: Central Lake Michigan Coastal, Southeast
Glacial Plains, and Southern Lake Michigan Coastal. A simple but high value improvement to the SWAP
would be to provide status rankings by Ecological Landscape units, rather than using statewide status
ranks which can obscure local conservation needs. This should include a means of identifying species at
or near their range limits, which are of high concern for climate change impacts. Similarly, local and
enhanced data can be used to identify species with small ranges that might be common in a particular
landscape (hence not flagged as SGCN), but where this represents the heart of the species range and
keeping it common there is critical to the species global survival (e.g., keep common species common
where they occur; Gaston 2010). Incorporating such finer status rankings and evaluations could greatly
improve local conservation planning. The data from this program can also be used to refine SWAP
Conservation Opportunities in these Ecological Landscape units, especially the high priority need for
better inventory and monitoring of species.

6.6

Other

Other conservation initiatives exist that could benefit from the Wildlife Tool and its components. As next
steps Ozaukee County and partners intend to work towards implementing the Tool components and
species data layers in conservation planning and management with partners, and continue to refine and
improve the project.
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Figure 5: Comparing NHI to other recent vetted data for Acadian Flycatcher
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7.
7.1

Case Studies
Sweet Property

The Sweet Property is adjacent to Sandhill Creek in the Town of Fredonia. This habitat project created a
small (ca. 0.2 acre) wetland and lateral connection to Sandhill Creek off Loraine Court just downstream
of CTH A, by a simple scrape. The scrape was planted with a native seed mix and provides habitat for
spawning fish, and for wildlife requiring open canopy shallow wetlands adjacent to riparian shrub and
forested wetland and upland grassland and shrub habitat. The project adjacency to Sandhill Creek
provides connectivity to an existing habitat corridor, from which various species may colonize the new
wetland.
The Tool models indicated high habitat suitability (matrix values 2-3) in close proximity for the following
habitat contexts (umbrella species): Wet Shrub (Alder/Willow Flycatcher); Wet Forest, Coniferous or
Mixed (Veery, Black & White Warbler); Wet Forest, Deciduous (American Redstart, Blue-gray
Gnatcatcher); Wet Forests (Masked Shrew); Wetlands near Grasslands (Chorus Frog); Wetlands near
Woodlands (Wood Frog); and Wetland/Upland Complex (Blanding’s Turtle). This project placement
therefore adds a critical habitat component (a semi-isolated shallow wetland) to a habitat complex
identified as having high value for seven umbrella species, and provides spawning fish habitat.
7.2
Mole Creek
Mole Creek is a 1st through 2nd order low gradient (mean 9.9 ft/mile) tributary to the mainstem of the
Milwaukee River within the Milwaukee River South Watershed in south-central Ozaukee County. It flows
south and southeast for 7 miles from its headwaters in the Town of Saukville before discharging to the
Milwaukee River in the Village of Grafton. Although not officially listed as a cold water stream, it is the
only waterway within the Milwaukee River South Watershed with the ability to support cold water fish
species. Continuous hourly logged water temperatures by WDNR during year 2000 and 2000 confirmed
that Mole Creek has the potential to support trout (maximum daily mean water temperatures are less
than 22 °C). Extensive surveys have found a wide variety of fish species such as mottled sculpin, Iowa
darter, and brook stickleback, which rely on cold water. A test stocking of Brook Trout in 2008 resulted
in limited over winter survival despite less than suitable in-stream habitat conditions. Approximately
50% of the stream was channelized to accommodate drainage for agricultural uses resulting in “poor”
fish and aquatic life habitat. Based on these results, the WDNR purchased approximately 1-mile of
stream corridor easements in the upper-half of the watershed and along channelized reaches with the
goal of restoring a cold water fish and aquatic life stream community. The Tool models for this project
area indicate high habitat suitability (matrix values 2-3) in close proximity for most habitat contexts
(umbrella species): Shallow Marsh (American Bittern, Sora); Watery Wetland near Grassland
(Blue-winged Teal); Wet Meadow (Sedge Wren); Wet Shrub (Alder/Willow Flycatcher); Wet Forest,
Coniferous or Mixed (Veery, Black & White Warbler); Wet Forest, Deciduous (American Redstart,
Blue-gray Gnatcatcher); Wet Forests (Masked Shrew); Deep Marsh and Shallow Marsh (Muskrat); Wet
Meadow / Grassland (Meadow Vole); Wetlands near Grasslands (Chorus Frog); Wetlands near
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Woodlands (Wood Frog); and Wetland/Upland Complex (Blanding’s Turtle). This project area therefore
enhances a variety of critical habitat components identified as having high value for twelve umbrella
species and aquatic fish habitat. To date, the Department has completed 35 fish passage impediment
removal or remediation projects on Mole Creek, opening the majority of its watershed to the free
passage of aquatic life. Department staff coordinated with WDNR staff on a project on approximately
3,150 linear feet of Mole Creek in the Town of Saukville on WDNR owned conservation easements
(Attachment H). Pre-project, quantitative physical habitat along the project reach was rated "poor" to
"fair", lacking suitable effective water depth, lack of pool and other forms of physical cover, limited
shading, and elevated summer water temperatures. Sinuosity was linear (1.0). In-stream features
were excessively wide (9 ft) and are exclusively shallow runs with maximum water depth of <0.5 ft.
Overwintering pool cover and quality riffles for fish spawning are absent and substrate was dominated
by fine (silt-sand) particles. Pre-European settlement floodplain vegetative cover type was deciduous
floodplain forest which provided coarse organic matter and in-stream woody debris for fish and wildlife
habitat, and stable channel forming features. Pre-project, in-stream and riparian fish and wildlife habitat
cover was almost absent except for monotypic stands of non-native Reed Canary Grass. Canopy shade
for moderating the warming effects of summer sunlight was almost absent. The channel was incised and
hydrologically disconnected from its floodplain. The lack of recurring overbank flows prohibited
floodplain building and the former wetland corridor lacked suitable overbank flood flows to sustain a
diverse wetland plant and wildlife community. There were few trees within the project area and the
existing tree assemblage is predominantly invasive buckthorn and native ash, which is susceptible to the
invasive Emerald Ash Borer.
The project goal was to rehabilitate the function and values associated with a cold water stream
ecosystem and floodplain wetlands by:
1.

Excavating a stable meandering stream plan form (typical meander length of 7-10 times mean
stream width);

2.

Increasing stream length and sinuosity;

3.

Decreasing mean stream width, and increasing effective water depths and stream velocities;

4.

Increasing in-stream and bank habitat cover for fish and wildlife to >15%, emphasizing coarse
woody debris in pools and boulder retards in pools and glides;

5.

Reconnecting riparian wetlands;

6.

Increasing canopy shade by planting deciduous trees;

7.

Increasing the amount of pool and deep glide to 60%, and construct coarse substrate riffles for
lithophilic spawning fish and macroinvertebrates.
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The Department executed a cooperative management agreement with WDNR to work on state-owned
lands and to collaborate on designs and construction activities. Department staff coordinated
historical/cultural/archeological and endangered resources reviews and received clearance
authorizations from WDNR staff. County staff also completed detailed topographic and stream profile
surveys of the easement areas. This information, combined with the 20 and 50 percent annual
probability flood flows, stages, and digital floodplains completed by the Southeastern Wisconsin
Regional Planning Commission (SEWRPC) under Task 1, was used by WDNR, SEWRPC, the County, and
project partners to develop conceptual and final habitat enhancement project plans. Engineering and
design plans included a combination of stream remeandering, restoration of hydrologically and
biologically functional floodplains, bank and in-stream structure restoration, wetland enhancements,
invasive vegetation control, and native vegetation restoration activities. As a headwater low-gradient
stream with stable watershed hydrology and sediment sources, in-stream and riparian management
practices de-emphasize hard engineered practices such as heavy rip rap, and instead utilize native plant
materials and wood cut salvaged from the corridor or nearby projects and rock run material salvaged
from earthwork. The hydraulic analysis for the proposed channel design and conclusion of a no increase
in flood stage was received from SEWRPC on 9/19/13, and a Conditional Use Permit was issued by the
Ozaukee County Land and Water Management Department on 10/9/13. The U.S. Army Corps of
Engineers general permit was issued on 4/15/14 and the WDNR general permit via a manual code
approval was issued 5/8/14. WDNR initiated Phase I (between Hillcrest Rd and St. HW 33) construction
activities in August 2014 and significantly completed Phase I activities by November 2014. Additional
Phase II work (south of Hillcrest Rd), which included replacing a snowmobile bridge crossing that was
formerly a fish passage impediment (MC PB 36) in the Phase I project area, was initiated in August 2015
and significantly completed by October 2015.
Phase I activities included stream remeandering, enhancing instream and wetland habitats, native tree
planting, and wildlife monitoring on WDNR-owned easements. Project results have included abandoning
3,150 ft of existing channel with a fish habitat quality index (HQI) rating of "poor" to "fair" and replacing
it with a 4,900 ft meandering channel with a fish HQI rating of "good" to "excellent". In addition, native
plantings were used for disturbed areas and for the rehabilitation of the stream and corridor. 50 native
tree seedlings and 13 larger native trees were planted throughout the project area by Department staff,
private contractors, and volunteers. In-stream and bank cover habitat included the native tree
plantings discussed above, cobble riffles, log deflectors, and woody debris to provide escape and
sunning logs for frogs, turtles and snakes and to form point bars and build additional floodplain habitat
features. In-stream banks were typically 2:1 on the outside of bends and 4:1 or greater along inside
bends. In-stream pools were over-excavated from the outside of stream bends. All in-stream and bank
features were designed and sized to be compatible with local calculated shear stresses and dominant
stream and watershed forming flows.
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7.3
Ulao Creek
GIS Tool outputs identified an additional habitat enhancement and improvement project on Ulao Creek
in the Village and Town of Grafton. Ulao Creek is an 8.8 mile long, 3rd order, low gradient stream
discharging to the Milwaukee River at river mile 25. The 16 square mile Ulao Creek watershed includes
the 53.7 acre Blue-wing Waterfowl Production Area (WPA) (Kaul Creek flows through the Blue-wing
WPA) and the 44.3 acre Ulao WPA owned by the United States Fish and Wildlife Service (USFWS), 55.8
acres under conservation easements by the Ozaukee Washington Land Trust, and approximately 28% of
the riparian wetlands potentially suitable for northern pike spawning in the Milwaukee River Watershed
(Wawrzyn 2012). The creek has multiple ephemeral and intermittent tributaries and provides fish refuge
from drought and low-flow conditions in the form of pools and deep runs. The 490-acre wetland Ulao
Swamp is the headwaters of Ulao Creek, has been designated as a Natural Area of Local Significance
(NA-3) (SEWRPC 2010), and contains 12.44 acres under a conservation easement by the Wisconsin
Department of Natural Resources. The current vegetation is a mosaic of degraded hardwood swamp,
southern wet-mesic forest, shrub carr, southern and northern sedge meadow, and southern cattail
marsh (Hewitt 2002). Eight major tributaries totaling 9.3 miles flow into Ulao Creek. All of these
tributaries have undergone significant ditching and straightening, resulting in significant bank erosion
and loss of bank vegetation (Bonestroo 1998). In the Town of Grafton, groundwater interacts with
surface water, either supplying dry weather stream flow or reducing stream flow (Northern
Environmental 1997). Many species of waterfowl, raptors, shorebirds, upland game birds and songbirds
rely on grasslands within the watershed, and recent fisheries monitoring (including larval trapping) on
Ulao and Kaul Creeks by the County and WDNR indicates a typical fish assemblage for an intermittent,
coolwater stream and successful northern pike natural reproduction. Fish, avian, and wildlife surveys
completed by Ozaukee County staff adjacent to the project area have detected 15 fish species (backpack
shocking, minnow trapping), 14 reptile and amphibian species (cover object surveys, visual surveys,
minor trapping, egg mass surveys, turtle hoop trapping), 3 crayfish species (minnow trapping), 71 bird
species (visual/audio surveys), and 16 mammal species (visual surveys). The Program has completed 13
fish passage impediment removal or restoration projects in Ulao and Kaul Creeks, opening a majority of
the Ulao Creek watershed to linear connectivity and the free passage of resident and migratory aquatic
life.
Historic manipulation of Ulao Creek has left over 90% of the channel dredged and straightened
(Wawrzyn 2012), disconnected from floodplains and adjacent wetlands, and impacted by invasive
vegetation. The vegetation of the watershed has also been disturbed by a long history of farming and
ditching (Cedarburg Science 2003). In particular, approximately 7,500 feet of Ulao Creek between State
Highway 60 and Ulao Parkway has been dredged and straightened. The Tool models for this project area
indicated high habitat suitability (matrix values 2-3) in close proximity for all habitat contexts (umbrella
species): Open Water (Black Tern, Pied-billed Grebe); Shallow Marsh (American Bittern, Sora); Watery
Wetland near Grassland (Blue-winged Teal); Wet Meadow (Sedge Wren); Wet Shrub (Alder/Willow
Flycatcher); Wet Forest, Coniferous or Mixed (Veery, Black & White Warbler); Wet Forest, Deciduous
(American Redstart, Blue-gray Gnatcatcher); Wet Forests (Masked Shrew); Deep Marsh and Shallow
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Marsh (Muskrat); Wet Meadow / Grassland (Meadow Vole); Wetlands near Grasslands (Chorus Frog);
Wetlands near Woodlands (Wood Frog); and Wetland/Upland Complex (Blanding’s Turtle). This project
therefore enhances a variety of critical habitat components identified as having high value for all
thirteen umbrella species, and for aquatic fish habitat.
The watershed has been the focus of several restoration projects conducted by the Ulao Creek
Partnership, Inc. (UCP) and other partners since 1995. Department staff had multiple conversations with
private landowners (several of which are members of the UCP) within the watershed and adjacent to
high quality habitat as indicated by Tool results, and these landowners agreed to partner with the
Department on a large-scale habitat enhancement project on Ulao Creek. This partnership was
formalized in a Memorandum of Agreement between each partner landowner and the Department,
indicating project achievements will be sustained for a minimum of 20 years. The project boundaries
(Attachment I) extend from the “Gateway” parcels just south of State Highway 60 upstream to the
confluence with Kaul Creek (Northeast Branch Ulao Creek), which is connected to the Bluewing
Waterfowl Production Area.
Overall Ulao Creek habitat enhancement project goals included: (1) Retain/restore sustainable
populations of several threatened and endangered species, (2) Enhance sustainable populations and
genetic diversity of migratory gamefish in the lower Milwaukee River, the AOC, and nearshore areas of
Lake Michigan, (3) Increase the quantity and quality of in-stream, wetland, and floodplain habitat and
native vegetation available to native fish, wildlife and bird species, (4) Improve water quality in spawning
areas by enhancing wetland and floodplain areas, (5) Capitalize on recent connectivity projects in the
County portion of the Milwaukee River Watershed by improving the biological function of formerly
isolated and degraded habitat, (6) Help supplant the need for artificial stocking, habitat manipulation,
and creation of artificial habitat in areas without access to certain habitat types, (7) Capitalize on
existing research and data for the Ulao Creek Watershed and Ulao Swamp, (8) Refine strategies and
techniques that may assist similar projects throughout the country, and (9) Control and limit invasive
plant species and promote reintroduction of native vegetation.
The Department signed a professional services agreement with Inter-Fluve to provide engineering,
design, permitting, construction bidding, and construction oversight support. Inter-Fluve performed site
surveys, hydraulic and hydrological modeling, and developed final plans and a design memo
(Attachment J) that include the restoration of multiple stream stretches through a combination of
channel remeandering, improvement of lateral connectivity by connecting aquatic habitat to floodplain
(e.g 2-5 year floodplain) with suitable hydroperiod (whenever possible), wetland creation and/or
enhancement, invasive plant removal, native plant restoration, and installation of fish, avian and wildlife
habitat structures. An advertisement for construction bids was published on 6/9/13 and 6/13/13 and
two bids were received and publically opened on 6/20/13. The Ozaukee County Natural Resources
Committee approved a contract with Solutions 101 LLC, the responsive and responsible low bidder. The
WDNR NR 216 permit was issued on 8/8/13, the WDNR Ch. 30 permit issued on 9/18/13, the Ozaukee
County conditional use permit issued on 9/23/13, and the USACOE permit issued on 10/22/13. A
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preconstruction meeting was held on 4/8/14, the contractor began mobilizing equipment and materials
to the site on 4/21/14, and construction activities were initiated on 5/1/14. USEPA GLRI funding
provided for the engineering and design of Phases I-III and the construction and restoration of Phase I
(Sta 46+50 - 94+55) and Ponds 1 and 2. Phase II (Sta 0+40 – 9+97) construction and restoration was
funded by a Fund For Lake Michigan grant and Phase III (Sta 28+21 – 46+50) construction and
restoration was primarily funded by a NOAA GLRI and a Great Lakes Fishery Trust (GLFT) grant.
Project activities included stream remeandering, enhancing in-stream and wetland habitats, native tree
planting, and wildlife monitoring on WDNR-owned easements. Project results have included abandoning
7,500 ft of existing channel and replacing it with 9,840 ft of meandering channel. Approximately 118
acres of wetlands, 68 acres of 2-year floodplain, 97 acres of 5-yr floodplain, and 131 acres of 100-year
floodplain were reconnected and enhanced, improving their ecological value. This does not include
additional wetland and floodplain acres and stream miles enhanced upstream of the project site. 781
native trees, 200 native tree seedlings, 452 shrubs, and 961 live stakes have been planted throughout
the project area by Department staff, private contractors, and volunteers. In-stream and bank cover
habitat included the native tree plantings discussed above, field stone placement and gravel runs
(natural materials exposed during construction of the new stream channel), and approximately 160
locations of woody debris to provide escape and sunning logs for frogs, turtles and snakes and to form
point bars and build additional floodplain habitat features. Bluebird houses and wood duck box
installations are planned for 2016 as field conditions allow under leveraged funding. The average
sinuosity was 1.4 and channel top widths averaged 12 ft. A depth of approximately 1.5 ft in the runs
was created and 3 ft deep pools were constructed in the outer portion of meander bends. In-stream
banks were typically 2:1 on the outside of bends and 4:1 or greater along inside bends. The channel
slope was consistent between tie in points at the crossings and the tributary confluence. In several
places the top of the bank was higher than the existing ground. In these areas, material excavated from
the proposed channel was used to build up the banks to the given bank heights. These built banks
simulate natural levees that are often formed along the banks of streams. The hummocks were graded
from the top of the bank to existing grade at a slope of approximately 15:1 and improved the
topographic diversity throughout the project area. These hummocks provided an ideal location for
planting wetland trees and will be utilized by many amphibians and reptiles for thermal basking, and will
provide micro-habitat variation supporting a richer variety of plants. Native tree plantings based on the
local ecology were used for restoring disturbed areas and for the rehabilitation of the stream and
corridor. Trees planted close to the creek will provide cooling effects for the creek, assist with bank
stabilization, shade out invasive reed canary grass, and offset the future loss of ash trees due to the EAB.
In addition to the stream, four ponds and one wetland scrape area increased topographic diversity and
provided habitat for amphibians, reptiles and birds. Three small ephemeral ponds will not regularly
receive floodwaters from the stream. The objective in creating these less connected ponds was to
incorporate aquatic habitats that will rarely be occupied by fish, thereby enhancing the abundance and
diversity of aquatic invertebrates in the system, some of which will require drying cycles for successful
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reproduction (i.e. fairy shrimp). These fish-free systems in turn support a richer and more abundant
variety of birds, mammals, amphibians, and reptiles, some of which are dependent upon ephemeral
wetlands for successful reproduction. These ponds have maximum depths of approximately 3-4 ft and
were be graded to filter stormwater that runs directly off of agricultural fields. One larger and deeper
pond (Pond 4) provides a small area of open water habitat, particularly for water fowl, turtles and larger
frogs. This pond will be connected to the creek with flood water during typical annual spring flows and
has an area of almost 7000 square feet that is between 4 and 5 ft deep. The wetland scrape west of
Pond 3 included excavating 0.5 – 0.75 ft of soil near the proposed creek to more frequently connect an
existing low area to the creek, particularly to enhance northern pike spawning. This area is expected to
be inundated for over 30 days during a typical spring flood and inundated to a depth of more than one
foot during the 2 yr flow.
Project activities met the general ecological objective of enhancing habitat in a holistic way that
provides habitat for a diverse assemblage of native aquatic and riparian wildlife that are suited to the
natural habitat types within the project area. The system was enhanced for northern pike spawning by
ensuring lateral connectivity between the stream and the floodplain and creating new instream habitat
for native fish including through creation of a meandering channel and placing microhabitat
enhancements (i.e. woody debris). Riparian area ecological objectives were met which included
controlling invasive plant species to the extent possible through design, enhancing native plant species
through plantings, and improving wetland habitat complexity with ephemeral ponds that are better
suited for waterfowl, shorebirds, bats, amphibians, reptiles, and other species. The extent of swamp
forest in the upper reach of the system was increased, as well as the shrub habitat diversity upstream
and downstream of the railroad crossing. The project directly addressed the degradation of fish and
wildlife populations and loss of fish and wildlife habitat by restoring high quality spawning/breeding,
rearing, and feeding habitat. These activities will benefit a wide array of fish, wildlife, bird, and
amphibian and reptile species including multiple Species of Local Conservation Interest. County staff has
performed various fish and wildlife surveys to document the presence of remnant populations of target
species adjacent to the project site.

8.

Wisconsin DNR Fish Model

The Wisconsin DNR Fish Model is an additional resource currently under development by John Lyons
and Matthew Diebel. A preliminary version has been provided for this project which allows for
displaying stream segments based on the probability of occurrence for 79 fish species analyzed. An
example is shown as Figure 6. Random forest (RF) models were used to predict fish species distributions
based on a large number of environmental variables. The models were developed to serve two main
purposes. First, they predict which species are most likely to occur in any given stream. Second, they can
be used to simulate how a change in any of the model variables, such as August median flow yield,
would affect the suitability of that stream for each of its predicted resident species. Since this is a work
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in progress we do not present methods or detailed results here, but are experimenting with using the
models as part of our conservation toolset.

68 | P a g e

Figure 6: Preliminary Northern Pike model
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For example, in Figure 6, we display the Northern Pike Model overlaying Potentially Restorable
Wetlands, and the highest value existing wildlife habitat we modeled (HQI). This spatially displays where
the highest quality stream reaches for Northern Pike intersect with Potentially Restorable Wetlands
(PRWs) that can enhance Pike populations by providing spawning habitat, and further where these
PWRs are adjacent to existing high quality wildlife habitat whereby their restoration is likely to enhance
other wildlife populations as well, for more bang for the buck. In selecting actual restoration sites,
additional layers and social factors would be examined, such as landowner willingness, and cost.

9.

Discussion

To assess habitat value we used the Tool to output GIS layers of existing suitable high quality habitat for
each umbrella species, illustrating where matrix values were 2 or 3. These outputs are provided as GIS
layers, but their real utility lies in their use in analyses for differing project-specific scenarios, with
varying combinations of biological and social layering to spatially examine options for prioritization of
future fish and wildlife habitat restorations and enhancements.
The prioritized lists of landowners developed by spatially examining overlaps and adjacency between
PRWs and mapped umbrella species high quality habitat, and PRWs adjacent to streams, can be used to
identify project sites that also pass social tests such as landowner willingness and cost-benefit analysis
(i.e., Ulao Creek project). These layers and tools are being used in an ongoing manner, with parcels
screened for fish and wildlife habitat value when developing priorities for pursuing conservation goals.
Parcel numbers and landowner names are protected for privacy concerns, but public information is
made available to partners on a per project basis, and partners may use our GIS layers to make their
own evaluations.
The County and project partners have used the Stream Reach Prioritization method to prioritize over
220 impediments isolating a total of 12.7 stream miles in 19 project streams. These impediments are
being addressed in ongoing and future projects, and coupled to outputs from the Tool to assist with
prioritizing work to achieve best value.
We are collaborating with multiple partners to incorporate use of the Tool results into management
plans, and continue testing and validating the outputs. The Tool assists stakeholders by improving
planning documents to identify potential property acquisitions and helps guide management activities
on existing properties. To date, we’ve shared project information with and received letters of
commitment from the U.S. Fish and Wildlife Service, the Mequon Nature Preserve, the Ozaukee
Washington Land Trust, and the Ulao Creek Partnership. Project information will be continually shared
with these and additional partners as the Fish and Wildlife Tool continues to undergo refinement.
This project has provided GIS project files to Ozaukee County, the Ozaukee Washington Land Trust and
Wisconsin DNR, and presented case studies on use of the Tool in Ozaukee County. The availability of a
new fish and wildlife habitat conservation planning tool will improve regional planning and conservation
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outcomes. We have provided maps and GIS layers illustrating the prioritization of Ozaukee County fish
and wildlife habitat values in a variety of ways for differing target species, and developed prioritized lists
scoring wildlife values for landowner outreach and habitat acquisition programs. The Species Checklists
provide a biodiversity assessment for Ozaukee County, and allow for ongoing evaluation of partner
programs and planning to ensure that Species of Local Conservation Interest are addressed. Identifying
these species and mapping their distributions was one of the most valuable results of this project, as
knowing what species are of concern, and having data on their distributions and critical habitat areas,
allows for much more effective conservation planning. It assists with prioritizing landowner contacts for
habitat protection, enhancement and restoration. Projects that benefit more Species of Local
Conservation Interest are given higher priority than those which do not. These data also allow for
evaluating various regional, agency and NGO habitat and conservation plans to determine how well they
will protect these highest priority species, and these evaluations are ongoing. The Stream Reach
Prioritization method produces results that can be used to effectively prioritize aquatic connectivity
projects in a stream or watershed, particularly when on-the-ground funding is limited. Outputs can also
be used to complement overall GIS Tool outputs, further informing project partners on the steps
necessary to restore lateral connectivity to particularly valuable riparian habitat. Ozaukee County and
partners now have the tools needed to explicitly address the biological constraints of Species of Local
Conservation Interest, for more effective preservation and restoration of the specific habitats fish and
wildlife species depend upon.
Summary of project accomplishments:
•
•

•
•
•
•

10.

The Fish and Wildlife Habitat Decision Support Tool is available to partners and has been
updated.
Case studies demonstrate pilot projects on the Sweet property in the Town of Fredonia, the
Mole Creek project in the Town of Saukville, and the Ulao Creek project in the Town and Village
of Grafton.
Checklists of wildlife species in Ozaukee County have been completed and Species of Local
Conservation Interest identified, with important habitat considerations noted.
County-wide maps of habitat value have been completed for the Umbrella Species, which
represent a variety of habitat types important to the Species of Local Conservation Interest.
Prioritized landowner contact lists have been developed, spatially recognizing areas of high
conservation and restoration value.
We are collaborating with multiple partners to incorporate use of the Wildlife Tool results into
management plans.

Recommended Use

The Ozaukee County Fish and Wildlife Habitat Decision Support Tool is a set of resources designed to
assist with conservation planning in the Milwaukee River Basin. It consists of both empirical data sets
and models that can be displayed in GIS to assist with conservation planning. We have developed a
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flowchart illustrating a stepwise process for use of these tools to assist with conservation planning and
property management, and strongly encourage the inclusion of wildlife species and community experts
when using these tools and reviewing results, especially for evaluating the biological and social
constraints discussed herein. The tools allow users to merge both ecosystem ("top-down") and species
level ("bottom up") approaches in order to achieve a deeper understanding of project area conservation
concerns, perform "cross-realm" analyses, and thereby design best value habitat projects within existing
social constraints. This wholistic conservation planning approach provides a multi-species community
framework that can quantify trade-offs of different land-use scenarios for improving conservation
planning (see Schenk and Donovan 2011).
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12.

Appendices

Appendix A – Data Vetting Procedure (PDF)
Appendix B – Species Occurrence Data: provided as tabular (MS Excel) and spatial (ESRI shapefile) files
Appendix C – Species Checklists (MS Excel files and PDF)
Appendix D – Wildlife Tool Documentation
Appendix E – Stream Reach Prioritization Tool (MS Excel)
Appendix F – Wildlife habitat maps
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