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Executive Summary
We evaluated the project location and design of twenty wetland restoration projects within
southern Wisconsin and collected vegetation data to analyze trends in the floristic quality of the
wetland plant communities. The two most common types of wetland plant communities found
within the projects were fresh wet meadow and shallow marsh, while the two most abundant
plant species found were reed canary grass (Phalaris arundinacea) and narrow-leaved cattail
(Typha angustifolia). The floristic quality index and mean co-efficient of conservatism of the
restored communities ranged from low to moderate compared to other, natural wetland
communities in southern Wisconsin. Sites where some maintenance had been performed had
greater cover of native species, and sites with more species planted within them had more native
species. Variability of floristic quality among projects may also be explained by site differences
that we could not quantify with the available information. We recommend the project leaders of
wetland restoration sites maintain more detailed records on the goals, design, and maintenance
work completed at their project sites.
We also ran a pilot study to explore which methods could be used to monitor avian and
amphibian populations found at wetland restoration sites. We used different avian monitoring
methods at five restoration projects and amphibian monitoring methods at six restoration
projects. For avian monitoring, we recommend using a modified version of the methods of the
marsh bird monitoring program, where the numbers of specific target species are recorded during
several listening and call-back periods held during the breeding season. We recommend using a
combination of a frog- and toad- calling survey and a funnel-trapping survey for monitoring
amphibians. Project leaders should develop goals and performance standards for restoring
wildlife habitat that are flexible and focus on the habitat needs of species that are conservation
targets.
Finally, we provided a brief outline of the steps we suggest restoration project leaders take as
they plan their projects. Using the watershed approach to help set restoration goals will be easier
for project leaders once detailed watershed plans that address wetland resources become
available. However, information in Wisconsin is currently available that can help project leaders
use a watershed approach to plan wetland restorations.
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Introduction
Compensatory mitigation involves wetland restoration, enhancement or creation to compensate
for permitted wetland losses. Mitigation projects can be completed either by the permit applicant
or by bank sponsors who complete projects and sell credits to developers. Wisconsin’s state
mitigation program began in 2002, when the Wisconsin Department of Natural Resources
(WDNR) developed administrative rules to implement 1999 WI Act 147. The Army Corps of
Engineers (ACOE) also has a mitigation program that had been implemented for several decades
prior to the creation of the state program in Wisconsin. Recently, most wetland impacts in
Wisconsin have occurred due to transportation and utility projects (WDNR 2006; WDNR 2007).
The ACOE has required wetland mitigation for most of these projects, especially wetland
impacts made by the Wisconsin Department of Transportation (WisDOT). In contrast, state
permits have rarely required wetland compensatory mitigation. By the end of 2006, only 55
projects involving wetland fill were approved with compensatory mitigation by the WDNR.
Wetland compensatory mitigation has received persistent criticism for failing to compensate lost
wetland acreage and functions (Zedler and Callaway 1999, Morgan and Roberts 2003, Brooks et
al. 2005). In particular, the 2001 report of the National Research Council entitled Compensating
for Wetland Losses under the Clean Water Act outlined ecological and administrative missteps
made by other states and the federal government in developing and implementing their
mitigation programs. Frequently, wetland mitigation projects are not completed, or records are
not maintained on their progress (NRC 2001). The report also recommended that the ACOE and
states implement research programs to evaluate the long-term performance of mitigation projects
and that a watershed approach be used in determining potential mitigation sites (NRC 2001).
The recommendations made in the 2001 NRC mitigation report influenced the new federal rules
on wetland compensatory mitigation published by the ACOE and the U. S. Environmental
Protection Agency (EPA; 73 FR 19593). The new rules established minimum monitoring periods
and information that must be included in mitigation monitoring reports. These rules also provide
a definition of the watershed approach:
Watershed approach means an analytical process for making compensatory
mitigation decisions that support the sustainability or improvement of aquatic
resources in a watershed. It involves consideration of watershed needs, and how
locations and types of compensatory mitigation projects address those needs. A
landscape perspective is used to identify the types and locations of compensatory
mitigation projects that will benefit the watershed and offset losses of aquatic
resource functions and services caused by activities authorized by DA permits.
The watershed approach may involve consideration of landscape scale, historic
and potential aquatic resource conditions, past and projected aquatic resource
impacts in the watershed, and terrestrial connections between aquatic resources
when determining compensatory mitigation requirements for DA permits. (19690)
Recently, a team from the WDNR completed an informal review of WisDOT’s mitigation
program and made recommendations for improvement (Kline et al. 2008). Key recommendations
include improving the database system to track site progress, developing appropriate site
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performance standards, increasing site management, and ensuring that lost wetland community
types are restored. In addition, the report recommended that WisDOT evaluate the wildlife
habitat created by mitigation projects, rather than only monitor floristic diversity and hydrology.
Our study had three goals: first, to review recently completed wetland restoration projects and
learn how site location and restoration practices can influence floristic quality; second, to
evaluate wildlife monitoring methods for possible use in wetland compensatory mitigation
monitoring plans; and third, to propose ways to use a watershed approach to better define
appropriate restoration goals for a site.
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Part 1: Review of Wetland Restoration Sites
Background
In the first part of our study, we evaluated how site selection decisions and restoration practices
influence the resulting wetland community. We chose restoration projects that were projectspecific mitigation sites and mitigation banks approved by WDNR, as well as WisDOT
mitigation projects. We also studied restoration sites that were not associated with compensatory
mitigation but were voluntary restoration projects completed by the Wisconsin Waterfowl
Association (WWA) and Natural Resources Conservation Service’s Wetland Reserve Program
(WRP). These projects had design elements that were similar to state-approved mitigation
projects.
The 2007 report of Wisconsin’s wetland gains and losses shows that most wetland restoration
work is not completed as part of a mitigation requirement (WDNR 2008). Approximately 590
hectares of wetland were restored voluntarily in Wisconsin through partnerships among federal,
state and local conservation organizations in 2007 (WDNR 2008). Voluntary wetland restoration
projects often strive to achieve goals that are similar to mitigation restoration projects, such as
improving local water quality and restoring diverse plant communities and quality wildlife
habitat. Wetland restoration projects within the same region can be expected to experience
similar challenges to reestablishing native biodiversity. Thus, lessons learned from a voluntary
restoration project can be applied to a mitigation restoration project and vice versa.
We evaluated the plant communities of restored wetlands and measured their floristic quality. A
recent review of a selection of WisDOT mitigation sites across the state found that sedge
meadow, wet prairie, shrub-carr, hardwood swamp and floodplain forest were rarely restored,
and that invasive plant species such as reed canary grass and hybrid cattails are common in
restored wetlands (Kline et al 2008). We anticipated that restored wetland vegetation would be
low in diversity and that invasive species would be abundant.
Another goal was to determine if the floristic quality of the plant community correlated with the
size of the community, the number of species planted within the restoration site, the land use
surrounding the restoration site or the size of the catchment. We predicted that larger
communities and sites with many species planted would have greater floristic quality. We
expected that disturbance near sites and large catchments would decrease floristic quality. We
further expected that the presence or absence of various restoration practices, such as conducting
follow-up maintenance work, would influence floristic quality.

Methods
We used the following criteria to select restoration sites for inclusion in the study:

Located in the glaciated areas of WDNR’s Southeast Region or South Central Region

A wetland restoration project was completed between 1995 and 2005

Information was available on what restoration activities took place

The landowner was willing to participate in the study
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Sites were selected among private mitigation sites, WisDOT mitigation sites, WRP sites and
WWA assisted restorations. We selected a total of 20 wetland restoration projects. Ten of these
projects were split into two separate study sites, because they were not spatially continuous or
were not restored using the same methods. Additionally, some communities present at a study
site were excluded from the study due to difficulty accessing them on foot for vegetation
surveys. We included a total of 30 sites in the study. Figure 1 shows the locations of the 20
restoration projects, and Table 1 provides information on the 30 study sites. Aerial photographs
of each study site can be found in Appendix A.
We determined when site construction was completed, what earthwork was completed to restore
hydrology, which (if any) plant species were introduced, and what maintenance was done from
various sources. For private mitigation sites, we used information from the mitigation plan, asbuilt report and the subsequent monitoring reports. Monitoring reports were also available for the
WisDOT mitigation sites, but the original mitigation plans and as-built reports were generally
not available. Site plans and various maps were available for the WRP restorations, but
monitoring data and information on the restoration goals was limited. We obtained verbal
information on the WWA restoration project from the project leader.
We estimated the area of the catchment that drains into each study site using ESRI’s Arc Hydro
Tool and a Digital Elevation Model of Wisconsin produced by the United States Geological
Survey. The ―Point Delineation‖ tool was used, as described by ESRI (2005), and points were
selected that were immediately downstream of the study sites. Figure 2 provides examples of the
delineated catchments for the two Walkerwin study sites and the Savoy study site.
We used the 2007 Wisconsin Cropland Data Layer from the National Agricultural Statistics
Service to evaluate the land use of the area surrounding the restoration sites. This raster data
layer was produced using satellite imagery and has a ground resolution of 56 m. We grouped the
different land uses identified in the data layer into five different classes, with class one having
the least land use intensity and class five having the greatest. We showed how the land uses were
divided among the five classes in Table 2. We then calculated the percentage of area within each
land use class within radii of 0.5-km and 1-km from the center of the study sites. Figure 3
provides an example of a 0.5-km circle and a 1-km circle around the Middleton study site. We
then calculated land use intensity scores for each site at both radii using methods similar to
Brooks et al. (2004) and Bernthal et al. (2007). The area within the circle of each cover class was
multiplied by the land use intensity (1 for class one, 2 for class two, etc) and summed. A larger
land use intensity score indicates a predominance of higher-intensity land uses, such as urban
and residential development.
We visited each study site in 2008 to map the wetland community types, using descriptions
provided by Eggers and Reed (1997) and recent aerial maps. We drew community boundaries
observed on-site on the aerial photograph using landmarks visible on the image. Areas of
polygons representing the community boundaries were estimated using a GIS. Subsequent
measurements described below were completed within the boundaries of the community types,
which are shown in Appendix B.
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Our project team conducted a meandering vegetation survey from August 7 to October 1, 2008,
and recorded all plant species that were identified within the wetland community types. Voucher
specimens were collected to assist plant identification where necessary. Once the species list was
created within each wetland community, the project team made a qualitative estimate of the
abundance of each species in the field. This was done using broad cover classes: ―monotype‖
(covers 90% of the community type or more), ―abundant‖ (covers 20%-89% of the community
type), ―common‖ (covers 2-19% of the community type) and ―uncommon‖ (covers less than 2%
of the community type). The survey sheet we used to record the plant species found is included
in Appendix D.
We calculated the number of occurrences of plant species using the percentage of the 82 restored
communities where we found the species. The percent cover of each species within the 82
communities was calculated by averaging the midpoint value of the cover classes assigned to the
species (including zero where the species was absent).
We estimated the floristic quality of each community type using several measures. Species lists
of the vegetation present within plant communities were used to calculate native species
richness, exotic species richness, mean coefficient of conservatism (mean C) and floristic quality
index (FQI) for each community (Bernthal 2003). We compared floristic quality assessment
values (mean C and FQI) for the restored communities to floristic quality assessment values for
the 116 wetland communities presented in Bernthal et al (2007). We also calculated each
community’s native species proportional cover by dividing the total cover of native species
within a community by the total cover of all species within the same community.
First, we tested for significant differences of four of the floristic quality measures (mean C, FQI,
native species richness and exotic species richness) among the community types using one-way
ANOVA and Tukey’s HSD tests. Only one community was classified as seasonally flooded
basin and two were classified as wet to wet-mesic prairie, so these two community types were
excluded from this evaluation. Next, we tested the significance of multiple linear regression
models with five site factors (age of restoration, size of community, size of catchment draining
into site, number of species planted to the site, and land use surrounding the site) as independent
variables and the four floristic quality measures as dependent variables. We log-transformed
community size and catchment size to improve the normality of these datasets. We used
backwards elimination to select the best model for each of the floristic quality measures. Two
study sites did not have recorded information on the number of species planted, so we removed
these data points from the initial model selection and then replaced them in the dataset if the
number of species planted was not a variable in the final model. Finally, we tested for differences
in floristic quality between groups of communities that did or did not have particular
characteristics (such as maintained or not maintained) using Wilcoxon–Mann–Whitney tests. We
did not transform any data for the Wilcoxon-Mann-Whitney tests. Communities without
vegetation or sparsely vegetated were classified as shallow, open water and were excluded from
all these evaluations. We conducted statistical tests using R 2.8.1 (R Development Core Team
2008).
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Results
The site history of each restoration project varied, but all 30 sites had been drained for
agricultural use in the past. Some sites remained in agricultural use until they were restored,
while other had been fallow for several years until restoration work began. The restoration
methods used included filling ditches (8 sites), plugging ditches (8 sites), scraping off and
removing soil (16 sites), disabling drainage tiles (14 sites), and building berms (14 sites). One or
more methods were used at some restoration sites. Many sites (14) had ditches left intact either
within or, more commonly, surrounding the site in order to prevent flooding neighboring fields
still in agricultural production. Eighteen of the sites had been planted, but 2 of these sites did not
maintain records of which species were planted. Other sites planted the upland buffer area, but
not the restored wetland.
Within the 30 study sites, we identified a total of 82 wetland communities. Figure 4 shows that
the most prevalent wetland community restored at the study sites was fresh wet meadow.
Shallow marsh and shallow, open water were also common. Wet to wet-mesic prairie, shrubcarr, sedge meadow, and seasonally flooded basin were less common. No wooded swamps,
floodplain forest, bogs or fens were restored. Figure 5 shows that the types of wetland plant
communities restored at voluntary restoration projects were similar to mitigation restoration
projects.
A total of 255 species of plants were identified at the 30 study sites. About 20% of the species
are exotic, and about 10% of the species are listed as invasive by the Invasive Plants Association
of Wisconsin. Table 3 shows that the two plant species with the highest number of occurrences,
reed canary grass and narrow-leaved cattail, are exotic, invasive species. The rest of the species
with the highest number of occurrences were predominately native species, although only one of
these was a tree.
Figure 6 shows that the restored sedge meadows generally had higher floristic quality assessment
values than other plant communities. This is confirmed in Table 4, which shows that sedge
meadows had significantly higher mean C than the other communities, but had similar FQI to
fresh wet meadows. None of the restored communities had floristic quality assessment values
that met or exceeded the ―high‖ floristic quality benchmark of 4.2 for mean C and 22.8 for FQI
established by Bernthal et al. (2007) for southern Wisconsin wetlands. Figure 7 also shows that
the restored wetland communities had on average lower floristic quality than non-restored
wetland communities.
Several plant species had cover within the ―abundant‖ cover class. However, Figure 8 shows that
there were differences between the types of species with high cover within communities
classified as having medium floristic quality by Bernthal et al (2007), with the addition that total
proportional cover by native species must be greater than 50%, than those classified as having
low floristic quality. Communities with medium floristic quality had many communities
dominated by a diversity of native grasses and graminoids. In comparison, most communities
with low floristic quality were dominated by a few species of exotic forbs and grasses.
Of the five factors we expected to influence floristic quality, the best multiple linear regression
models used three of these factors: area of the community, the number of species planted to the
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site, and the surrounding land use. The size of the catchment did not have a significant linear
relationship with any of the floristic quality measures of the restored wetland plant community
types. While some statistically-significant regression models did use age of restoration as a
factor, these models contained other non-significant terms and were not as statistically strong as
the regression models shown in Table 5. Area of the community was negatively related to mean
C and positively related to native species richness and exotic species richness. Both the
percentage of class one (least-disturbed) land use and the land use intensity score were
negatively related to mean C. The number of species planted at the restoration site was positively
related to both FQI and native species richness.
Only one Wilcoxon-Mann-Whitney test of differences between groups of communities was
significant at the p < 0.05 level. Communities where some maintenance was performed had, on
average, about 25% greater cover of native species than those with no record of maintenance. At
the p < 0.1 level, communities with some maintenance had 15% higher FQI values than
communities that were not maintained, and communities with berms had 35% more exotic
species than those without berms. There were no significant results between communities where
ditches were left intact and communities where there were either no ditches or all ditches had
been filled, and communities with scrapes and communities with no scrapes. When we tested all
communities, there was also no significant difference between communities restored voluntarily
or through compensatory mitigation. However, only one of the sites restored voluntarily was a
WWA restoration. With this one WWA restoration site removed from the dataset, mitigation
communities had an average of 12% greater mean C than communities restored voluntarily
(significant at p < 0.05).

Discussion
We found that the floristic quality of the restored communities varied widely, but that none had
floristic quality comparable to intact wetlands with high floristic quality within southern
Wisconsin. This has important implications for wetland compensatory mitigation. While a
wetland restoration can achieve relatively good floristic quality, we did not find evidence that a
wetland restoration can compensate for the loss of a wetland with high floristic quality.
Furthermore, many of the restored wetlands had poor floristic quality.
One reason several plant communities had low floristic quality was that these communities were
dominated by invasive, exotic species. Phalaris arundinacea (reed canary grass) and Typha
angustifolia (narrow-leaved cattail) were the two most commonly occurring species found within
all the wetland plant communities, and both of these species are aggressive invasive species. In
the field, we observed that T. angustifolia frequently forms monotypic stands (greater than 90%
cover by a single species) within shallow marshes and that few native plant species can co-exist
within these stands. We less frequently observed P. arundinacea forming monotypic stands, but
P. arundinacea was the most common species to achieve placement within the ―abundant‖ cover
class (between 20% and 89% cover of the site). While some native species did persist within
communities dominated by reed canary grass, they tended to do so in patches where reed canary
grass was less abundant. Typha x glauca, Poa pratensis and Cirsium arvense were three invasive
species that were generally not dominant species within communities, but were still commonly
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found. Other invasive species, such as Melilotus alba, Lythrum salicaria, Rhamnus frangula, R.
cathartica, Phragmites australis and Pastinaca sativa, were detected but were not common.
Although the prevalence of exotic species was problematic, most of the species we recorded
within the restoration project were native. Many native species were classified as ―abundant‖
within the surveyed wetland plant communities. Some of these species have a high tolerance for
disturbance and therefore have low coefficients of conservatism, such as Ambrosia trifida,
Juncus tenuis, Solidago canadensis, and Typha latifolia. Other native plant species with less
tolerance for disturbance were among the dominant species within communities with higher
floristic quality. In particular, Aster firmis, Carex lacustris, C. stricta and Calamagrostis
canadensis were dominant in the wetland plant communities with medium floristic quality.
We sought evidence that specific restoration practices and site location would influence floristic
quality. However, we were unable to test several factors that we believe to be influential in
determining site floristic quality. For example, one wetland restoration practitioner told us that
he believes the two most important factors in restoring native plant species diversity are an intact
seed bank and how water is reintroduced to the site (J. Nania, personal communication, 2008).
His experiences restoring wetland within Wisconsin have led him to conclude that intact seed
banks are more likely to be found in well-drained former wetlands, because where water levels
fluctuate prior to the restoration, the seed bank can be exhausted before conditions are
appropriate for wetland species to successfully establish. If the seed bank is intact, then he
recommends reintroducing water to the site by raising the water table, which can help species in
the seed bank to establish, rather than flooding the site with surface water, which can discourage
native species establishment. However, we could not evaluate these hypotheses, because we did
not have information about the sites’ seed banks prior to the completion of the restoration work,
or the initial direction of water flow when wetland hydrology was reintroduced.
In general, we found more information about the mitigation projects than the voluntary
restoration projects, because the mitigation projects had some reporting requirements in their
wetland fill permits. While most projects had engineering plans, these were drawn prior to the
restoration work and few notes were available on how plans might have changed during
implementation. Most of the voluntary wetland restoration projects and some of the mitigation
projects did not have documentation on site conditions prior to the restoration or the goals of the
restoration. With all the projects, little detailed documentation was available on maintenance
work completed after the restoration. Our evaluation of the restoration sites may have been able
to reach more conclusions if more information about the restoration work had been recorded.
Nevertheless, we used the data available to examine some of the common assumptions about
how features of wetland restoration projects influence floristic quality.
We expected that larger plant communities would have greater floristic quality for two reasons.
First, a larger area generally can support more species. Secondly, edges of a large community
can serve as a buffer for the rest of the site to prevent exotic seed and excess nutrients from
entering the site and facilitating domination by invasive, exotic species. We did find that our
larger communities did have significantly more native and exotic species. However, smaller
communities had significantly greater average mean C than larger communities. We anticipate
that this may due to more maintenance work being completed in a smaller community, since it
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can be easier to control exotic species in a smaller area. Within the study sites, the average size
of communities with a record of maintenance was 60% smaller than communities without a
record of maintenance (a significant difference, p < 0.01). Also, all of the sedge meadows were
small in area and the sedge meadows had significantly higher mean C than the other
communities.
We expected floristic quality to improve over time since restoration completion. The initial
species to colonize a newly-restored site were annual species with a high tolerance for
disturbance, such as Ambrosia trifida, Ambrosia artemisiifolia, Bidens frondosus, Echinochloa
crusgalli and Polygonum persicaria. Ideally, within a few years perennial native species
appropriate for the site would establish and floristic quality would increase. However, we found
weak relationships between the age of the site and floristic quality. Whether or not invasive
species were able to establish may help explain our results. Initially, sites can be diverse as the
seeds present in the seed bank, planted to the site, or dispersed into the site germinate, but not all
of these species will necessarily establish and persist. If invasive species such as Phalaris
arundinacea or Typha angustifolia establish, early colonists may not persist. Among the 37
communities that were restored more than ten years ago, about 40% had medium floristic quality
(as defined as mean C > 2.4, FQA > 12.5, native cover > 50%) and the rest had poor floristic
quality. Within these older restored communities with medium floristic quality, only three
communities had abundant cover of either P. arundinacea or T. angustifolia. An implication is
that proponents of compensatory mitigation should not assume floristic quality will improve over
time, especially if invasive species are present.
A common expectation may be that sites surrounded by natural areas would have higher floristic
quality, because neighboring forests, wetlands, and prairie can help buffer the restoration from
disturbance and can be a source of native plant species. Agriculture and urban development can
contribute nutrients and sediments to restoration sites and disrupt hydrology. Such disturbances
can favor invasive plant species over native plants species (Green and Galatowitsch 2002,
Kercher and Zedler 2004). However, we did not find strong relationships between the
surrounding land use and the floristic quality measures. Land use did not contribute to our best
regression models for species richness or FQI. While two land use factors were part of our
multiple linear regression model for mean C, these results were only partially consistent with our
expectations. The land use score was negatively related to mean C, which supports our prediction
that urban development would be related to a decrease in site floristic quality. However,
coverage of natural areas (class-one land use) was also negatively related to mean C. This is
surprising, because we predicted that the presence of natural areas nearby would be related to an
increase in mean C. We conclude that while natural areas can serve as a source of species for the
restoration, not all introduced species are desirable. It is possible that the floristic quality of the
surrounding natural areas was often low and that these areas failed to be a seed source for species
with moderate or high coefficients of conservatism. We recommend that project proponents
investigate areas adjacent to a proposed restoration site to identify which native or exotic species
may become colonizers.
We were surprised to find no relationships between the size of the catchment and floristic
quality. Our expectation was that smaller catchments would have greater floristic quality,
because placement near the top of a watershed may decrease the amount of nutrients and
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sediments draining into the site. While some restoration projects with large catchments did have
poor floristic quality, some projects with small catchments also had poor floristic quality. For
example, the Martinelli West site had the second smallest catchment size, but the two wetland
plant communities present within the site, shallow marsh and fresh wetland meadow, both had
poor floristic quality.
Encouraging native species to establish by planting selected species to the site is a common
approach to improving floristic quality. Within the restored wetland communities we examined,
increasing the number of species planted did increase both native species richness and FQI.
However, we found no evidence that planting was related to mean C. The coefficients of
conservatism of the species planted to the site varied greatly. Many species with coefficients
greater than five may not have been successful at establishing within a restoration site—by
definition, such species should generally be found in undisturbed areas. Additionally, the species
selections at some restoration sites were questionable. For example, at the Waupun North
restoration, only one of the seven species seeded was native to Wisconsin, and floristic quality
was low within the wetland plant communities of this site eleven years after it was seeded.
Some sites that were not planted did have moderately good floristic quality, and this may have
been because a native seed bank was present. Unfortunately, testing what species are present in
the seed bank prior to doing the restoration is usually not practical, because most practitioners do
not have access to the necessary greenhouse space or can easily identify newly-germinated plant
species. Sometimes evidence of an intact seed bank is present in the field. For example, adjacent
to the Dane project was an area that sometime prior to the restoration work had become too wet
to farm. Native sedge meadow species became established in this area, and the project
proponents took this as evidence that an intact seed bank was likely present in the restoration
site. They chose not to seed the site, and this decision might have been warranted, since most of
the wetland plant communities within this project have medium floristic quality. Seeding or
planting sites with native species can be very expensive, especially if the site is large. However,
we usually do not know what species may establish from the seed bank, and so we recommend
that native species be seeded or planted to a site if possible.
Common maintenance activities completed at restoration sites to improve floristic quality
include doing prescribed burns, mowing the site, and selectively removing undesirable species
manually and/or through the use of chemicals. Many factors can influence whether or not these
activities help achieve floristic quality goals. For example, if reed canary grass control is
attempted through the use of herbicides, influential factors may include the type and
concentration of herbicide, how it was applied to the plants, when it was applied to the plants,
and how often the treatment was repeated. If this information is not recorded, it can be difficult
in the future to determine why a treatment failed or replicate successful control. Unfortunately,
most of the restoration projects did not have detailed information about the site maintenance.
Instead general notes such as ―the site was burned this year,‖ or ―we removed Canada thistle‖
were found in monitoring reports. We compared the floristic quality of sites where the project
proponent recorded doing some maintenance to sites where there was no record of any
maintenance. In general, we found moderate evidence for our hypothesis that sites with a record
of maintenance had better floristic quality.
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A variety of construction techniques were used at our study sites to return water to the landscape.
These included filling or plugging ditches, disabling drainage tile, removing soil, and either
constructing or removing berms. Most restoration projects made use of several of these
techniques. Overall, we identified two approaches to the design construction. The first approach
was to try to return the landscape to what it looked like prior to human disturbance. This
involved removing all drainage tile and berms, filling all ditches, and removing any sediment
that had accumulated on-site to reveal the original hydric soils. The second approach was to
shape the landscape in order to meet specific goals. For example, many of the sites were adjacent
to drained fields still in agricultural production. An important goal was to protect these
neighboring properties from flooding by placing ditches or berms along the site boundaries. Most
records of restoration projects did not include restoration goals, but we believe that several sites
were intended to have shallow marsh and shallow, open water, because the restoration
practitioners built berms or removed soil in specific areas. Finally, construction costs may have
played a role in some of the decisions to only plug or partially fill some internal ditches or not
remove accumulated sediment.
We found it challenging to evaluate how construction decisions may have influenced floristic
quality, especially because most projects involved several techniques to restore water. We
compared sites with and without berms, sites with and without scrapes, and sites with ditches and
without ditches or with filled ditches. There was some weak evidence that sites with berms have
more exotic species, but otherwise we did not detect differences in floristic quality between the
pairs of groups. We expected that sites where attempts were made to restore the natural
landscape, without berms, ditches, or removal of the original soil, would have plant communities
with higher floristic quality. Native plant species in neighboring wetlands or in the seed bank
may establish more easily if the historic landscape was restored, and seeded or planted species
may be more likely to establish if planted in the site’s original hydric soils. Evaluating these
hypotheses would require more site information, especially about the soil horizons and site
hydrology before and after the restoration work is done. We recommend that restoration
practitioners be more explicit about the restoration goals of their projects.
While our primary goal was to evaluate the floristic quality of restored wetland plant
communities, our secondary goal was to assess the diversity of the types of wetland plant
communities found within the restoration projects. Fresh wet meadows, shallow marshes, and
shallow, open water were the most common communities restored. All other plant communities
were either uncommon or were not found. We believe that this result was driven by the ease with
which Phalaris arundinacea and Typha angustifolia can colonize newly restored sites. Most
areas dominated by P. arundinacea were classified as fresh wet meadow and most areas
dominated by T. angustifolia were classified as shallow marsh. However, nine fresh wet
meadows did not have P. arundinacea as a dominant, showing that native species such as
Calamagrostis canadensis and Juncus tenuis can establish and dominate this community type. In
comparison, all of the shallow marshes in our study had T. angustifolia as one of the dominant
species (if not the only dominant), demonstrating the difficulty of restoring communities of this
type that are dominated by native species. Several of the restoration sites were likely designed to
increase the area of shallow, open water. This wetland type can be easy to create since no plant
species need to establish.
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We identified a few communities that we classified as sedge meadow, wet prairie, seasonally
flooded basin and shrub-carr. Sedge meadows shared many of the same forb species as the fresh
wet meadows, but while fresh wet meadows were dominated primarily by grass species, the
sedge meadows were dominated by Carex species, particularly C. lacustris and C. stricta. This
community type is likely limited by the difficultly of establishing some Carex species within
restoration sites. The wet prairies were found within the transition area between fresh wet
meadow and (non-wetland) mesic prairie at two young wetland restorations. These wet prairies
were dominated by Elymus virginicus and Elymus canadensis, which had been seeded to the site
and may not persist over time. Ideally, wet prairies are dominated by species such as
Andropogon gerardii and Spartina pectinata. While we did find the former in the wet prairies
and the latter in some fresh wet meadows, these species were never dominant. Seasonally
flooded basins are depressions that are commonly flooded and can be dominated by annual
species. Few of our restored sites had the appropriate hydrology for this community type, but it is
also possible that some of the areas we classified as shallow, open water may dry out often
enough that we should have classified them as seasonally flooded basins. Finally, while we
commonly found scattered shrubs within fresh wet meadows or sedge meadows, we only found a
few areas of dense shrubs that we would classify as shrub-carr. Most shrub-carrs were dominated
by willow species, especially Salix exigua. Young shrubs were planted at only three of the
restoration projects, and some of the projects were burned or mowed regularly, which would
have prevented shrub growth. Shrub species also may not easily establish in some of the
restoration projects covered by dense stands of Phalaris arundinacea.
Several wetland plant communities found within southern Wisconsin were absent from all of the
restoration sites. We were not surprised that bogs and calcareous fens were missing—these
uncommon communities are only found under specific conditions. It is also not too surprising
that no forested wetlands were found, because it can take tree species decades to grow to
maturity. Only one of our study sites had planted tree species. Gundrum West was the only site
that seemed likely to naturally succeed to a forested wetland within the near future. Factors that
limit the establishment of shrub-carr communities also limit the establishment of forested
wetland.
The final issue we examined concerned differences between voluntary and mitigation wetland
restoration projects. We did not detect any significant differences in floristic quality of
communities between these two groups when both WRP and WWA voluntary restoration sites
were included in the dataset, and the types of wetland plant communities restored within both
groups were also similar. Mitigation communities did have slightly higher mean C compared to
WRP communities, but this was the only difference that was significant. Since both types of
restoration sites face similar challenges to restoring diverse wetland communities, we
recommend that the restoration practitioners record and share their experiences.
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Part 2: Pilot Study of Wildlife Monitoring Methodology
Background
Two key sections of the compensation site plan of a wetland mitigation site are the performance
standards and the monitoring plan. The performance standards are quantitative goals that must be
met in order for the site to be considered a successful restoration. The monitoring plan must
describe the assessment methods that will be used to determine whether or not the performance
standards are met.
Wetlands are valued for providing habitat for many animal species, but few mitigation plans in
southern Wisconsin have animal-related performance standards. A few private mitigation sites
have had performance standards requiring a minimum number of amphibian or avian species to
be observed within the site. The number of species to be observed is often arbitrarily set, and
animal species that are conservation priorities are not given preference over very common
species. No specific monitoring methodology has been prescribed in mitigation site plans, and so
mitigation consultants record accidental animal observations while doing maintenance or plant
monitoring at restoration sites. These observations may be made at times that are not appropriate
for animal observations, and often when an animal is observed, the species is assumed to inhabit
at the site throughout the monitoring period.
Our primary goal was to evaluate the suitability of wildlife monitoring methods for future use in
Wisconsin’s mitigation programs. We specifically focused on monitoring birds and amphibians,
since these animals can be relatively easy to detect and standard methodologies exist for
monitoring them in Wisconsin. We wanted to evaluate the level of difficultly to learn the
monitoring methods, the time spent in the field conducting the monitoring, and the results
achieved after one year of monitoring at several restoration sites.
Our secondary goal was to evaluate whether or not species currently considered to be
conservation targets by wildlife experts were detected at our selected restoration sites. We
anticipated that restoring habitat for such species is a high priority, and successfully meeting
such an objective should be detected by mitigation monitoring programs.
It was not our goal to determine benchmarks for the numbers or types of species that ought to be
detected in order for a wetland to be considered high- or low-quality. The results from studies
larger than ours would be needed to determine what species could serve as indicator species for
overall wetland quality in performance standards. However, we did want to examine how
wildlife performance standards can be developed for a given mitigation site by determining
which conservation target species may use the site if restored according to plan.

Methods
Avian monitoring
Birds were monitored within all study sites in Dane County: Middleton, Dane North, Dane
South, Wilke Preserve, Martinelli East, Martinelli West, Witte-Dane North and Witte-Dane
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South. These sites encompass five separate restoration projects. The locations of monitoring
stations, where project team members both listened to and observed birds, were determined
randomly. We rejected stations if the locations were inaccessible by foot or closer than 250 m to
another monitoring station. Middleton and Wilke Preserve each had one monitoring station,
Dane and Martinelli each had two monitoring stations, and Witte-Dane had three monitoring
stations. The locations of the nine monitoring stations are shown within the maps included in
Appendix C.
We visited each station between 5:00 and 9:30 a.m. on three dates in 2008: May 1, May 21 and
June 4. On each of these dates, the weather was appropriate—it was not raining, foggy, very
windy, or unseasonably cold. The order that we visited stations remained the same on all three
monitoring dates.
The three-member project team tested two different methodologies simultaneously. At each
station, two team members used monitoring methodology from the new Marshbird Monitoring
Program for Wisconsin (Conway 2005 and Brady 2008). In this monitoring program, nine major
species (yellow rail, sora rail, Virginia rail, king rail, American bittern, American coot, common
moorhen, pied-billed grebe and least bittern) and eight minor species (red-necked grebe, marsh
wren, Wilson’s snipe, swamp sparrow, black tern, Le Conte’s sparrow, Forster’s tern, yellowheaded blackbird) were targeted for monitoring. Monitors did not record any other bird species
observed or seen. After a five-minute silent point count, a six-minute playback recording of six
of the major species (each with a one-minute playback segment) was played. These six major
species were least bittern, yellow rail, sora rail, Virginia rail, king rail and American bittern. For
major species, the two team members recorded the detection of each individual bird observed or
heard during each one-minute segment of the 11-minute monitoring period. The distance to each
individual bird was also estimated. For minor species, the team members only recorded the total
number of individual birds for each species observed or heard during the 11-minute monitoring
period.
Another team member conducted the second monitoring methodology during the same 11minute observation and listening period. She recorded all bird species seen and heard, except that
she disregarded birds seen outside the restoration project or flying overhead. She did not count
numbers of individuals or estimate distance to birds. The survey sheets that we used for both
methodologies can be found in Appendix D.
We investigated which bird species are conservation targets in Wisconsin, and developed one list
of primary target species and another list of secondary target species. We defined primary
species as Wisconsin’s avian species of greatest conservation need (WDNR 2005). The list of
secondary species was derived by combining avian species from three lists—the Wisconsin
Natural Heritage Working List (available at
http://dnr.wi.gov/org/land/er/wlist/index.asp?mode=detail&Grp=7&track=yes), target species in
the Marshbird Monitoring Program for Wisconsin (Brady 2008) and Wisconsin species included
in the Partners in Flight Landbird Conservation plan (available at
http://www.wisconsinbirds.org/plan/species/priority.htm)—and subtracting those species that are
already listed as primary species. The current lists of primary and secondary species are listed in
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Appendix E. Since the source lists are dynamic, the lists of primary and secondary species are
also intended to change over time as the status of species change.
Amphibian monitoring
We used two different methods of surveying amphibians. First, we conducted a frog and toad
calling survey at six projects. Five of these projects were the Dane County sites were easily
accessed by the road: Middleton, Dane, Wilke, Martinelli and Witte Dane. Additionally, the frog
call survey was conducted at Gundrum in Washington County.
We followed the methodology and the survey sheets of the Wisconsin Frog and Toad Survey for
the calling survey (Paloski et al 2006). Each study site had one monitoring station, which the
project team determined in advance, where team members listened for frogs and toads. Appendix
C includes maps that show the locations of the monitoring stations. During 2008, three team
members visited all the Dane County sites on April 17, May 26 and July 8, and one team
member visited the Gundrum East site on April 8, May 30 and July 8. These days were selected
for monitoring because the water temperature met the requirements of the three monitoring
periods: early spring (April 8-30 and minimum water temperature of 50°F), late spring (May 20 June 5 and minimum water temperature of 60°F) and summer (July 1-15 and minimum water
temperature of 70°F). We visited monitoring stations after sunset and recorded the species of
frogs heard during a five-minute period. The amount of calling heard for each species was
recorded using a qualitative three-tier calling index (1= individual calls, 2= calls overlapping, 3=
full chorus).
In addition to the frog and toad calling survey, we also set funnel traps at four of the restoration
projects: Wilke, Martinelli East, Witte Dane South, Witte Dane North and Gundrum East. Traps
were not set at the Middleton or Dane projects, because these sites did not have standing water
present in summer. A total of 28 traps were set in areas of shallow water within these sites. The
locations of the traps within the four projects can be seen in the maps of Appendix C. In general,
the protocol for Wisconsin’s Salamander Survey Traps was used (Wisconsin Audubon Council
2008). We chose to place traps in early July to target larval salamanders, all life stages of the
central newt, and both adult and juvenile frogs. Traps were set on July 7 and checked for
amphibians daily over the next three days. None of the traps were baited. When we checked the
traps, we emptied the contents of the trap on to a sorting pan. We recorded the species of all
adult and juvenile amphibians present using the survey sheet shown in Appendix D, and then we
released the animals. All funnel traps were removed from the study site on July 10, the last day
the traps were checked.

Results
Avian monitoring
We spent about 12 hours in the field (including transportation time) visiting all nine stations
three times. Our team members also attended a weekend training program, which lasted a total of
about 8 hours, in order to learn the methods for the Marshbird Monitoring Program for
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Wisconsin. One team member was a highly experienced birder, and the other two members were
less experienced.
A total of 43 avian species were observed; of these, 30 were present at a monitoring station
during at least two of the three monitoring dates. Table 6 shows that red-winged black birds were
detected at all nine monitoring stations on all three dates, while several primary target species
were only observed once or twice. Table 7 shows that while primary species were only observed
twice at a station within one project, at least one secondary species was detected at all of the five
restoration projects. Twelve different target species were detected at least twice at a monitoring
station, and the common yellowthroat was the most common target species detected.
Table 8 shows that while the abundance of some marsh birds varied from project to project, other
species were consistently detected in small numbers. Approximately two marsh wrens were
detected at each visit to the stations at the Witte-Dane project, but this species was rarely
detected at the other projects. We rarely detected a single Virginia rail or American bittern at all
of the station visits.
Amphibian monitoring
We spent a total of about 10 hours in the field (including transportation time) conducting frog
call surveys at six locations. We spent about 20 hours in the field checking 28 funnel traps for
three days, and an additional 6 hours initially setting the traps. Only one project team attended
training for amphibian monitoring methods, which lasted about 8 hours. Most had prior
experience conducting frog call surveys, but only one team member had prior experience using
funnel traps. The less experienced team members also devoted about 6 hours of study to ensure
correct identification of frog calls and amphibian larvae.
Of the thirteen species of amphibians likely to be found in south-central and south-eastern
Wisconsin, we detected eight species. We did not detect bullfrogs, pickerel frogs, wood frogs,
blue-spotted salamanders or central newts. Table 8 shows that we detected American toads,
chorus frogs and green frogs at most of the six projects, but we detected tiger salamanders at
only one of the projects where we set traps. We did not detect any new frog species during the
trapping survey that we had not already detected during the call survey. The maximum number
of amphibian species detected at a single project was six, while the minimum was three.
Figure 9 shows how the percent frequency of frog and toad species detected during our call
survey compares to the detection frequencies recorded in earlier years by the statewide frog and
toad survey. While we detected American toads and Cope’s gray treefrogs more frequently than
the statewide survey, we detected spring peepers and leopard frogs less commonly.
Only four species were detected during the trapping survey: chorus frogs, treefrogs, green frogs
and tiger salamanders. Since we could not distinguish between the tadpoles of eastern gray
treefrogs and Cope’s gray treefrogs, these two species were lumped together as ―treefrogs.‖
Green frogs were most frequently found in traps (54% of the time), followed by treefrogs (50%),
tiger salamanders (25%) and chorus frogs (14%). However, where they were found in traps,
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chorus frog tadpoles were found in the greatest abundance (2.8 individuals), followed by green
frogs (2.2 individuals), tiger salamanders (1.1 individuals) and treefrogs (1 individual).

Discussion
Methodology
We feel we met our first goal of testing wildlife monitoring methodology that could be used at
wetland mitigation sites. Neither the avian nor the amphibian methodology was too timeconsuming to either learn or implement. The avian monitoring approach where all detected
species were recorded was best implemented by a highly experienced birder who already knows
all the local species, much like most vegetation monitoring is best implemented by an
experienced botanist. However, if a few target species are the only species that need to be
detected, as was the case with the marsh monitoring protocol, it would be possible for a less
experienced birder to conduct the monitoring with adequate training. Since there are not many
amphibian species in Wisconsin, both amphibian monitoring methods could be implemented by
someone with minimal prior experience with amphibians with adequate training. Ideally, the
training would last at least two days and include implementing the monitoring in the field with
the guidance of an expert.
The equipment needs to implement the monitoring we conducted were generally minimal. The
most expensive field item was the mp3 player and the speakers used to conduct the play-back
calls for the marsh bird monitoring. The funnel traps used for capturing amphibians were the
next most costly item. The project team used their personal binoculars for the avian monitoring.
No other necessary equipment (thermometer, timer, sorting pan, clipboards, flashlights, flagging,
stakes, and wire) represented a significant cost, and none of the equipment was difficult to
obtain.
We conducted two different bird monitoring methodologies simultaneously in the field. The
difference between these methodologies was which species were targeted and how much
information was recorded about each species detected. In the first method, a team member
recorded the presence of all birds that were detected, but no other information about the species
was recorded. In the second method, only a few species were targeted for monitoring, but more
information was recorded about those target species. In general, we prefer the second approach,
because we believe that focusing on fewer species allows the monitor to record abundance data
with less risk of missing other species. For example, if a monitor tried to count all red-winged
black birds present, the single call of a more secretive bird such as a least bittern might go
unnoticed. Since least bitterns are a higher conservation priority than red-winged black birds, the
monitor would be better off focusing on conservation priorities and ignoring more common
birds. We recommend that monitors focus on target birds so that they can record the number of
individuals detected. We feel that abundance data are worthwhile and can help distinguish
species that are casual visitors from those that are using the wetland for breeding habitat.
Some of the collected information required by the marsh bird monitoring program may not be
necessary for the purposes of mitigation monitoring. The marsh bird monitoring aims to collect
data on under-surveyed marsh birds, while the mitigation monitoring seeks to determine whether
Page 19

Improving Wisconsin’s Wetland Compensatory Mitigation Program 2009
or not specific restoration goals for habitat have been met. Estimating detection probability and
species density is important for a statewide monitoring program, but less important for
determining the species composition at a single site. We recommend that mitigation monitors do
not try to estimate the distance to each individual target species detected. Minute-by-minute
detection of each individual may not be critical information for mitigation monitoring, but should
be recorded if it is possible to do so without distracting the monitor from detecting target species.
In our experience, playing calls of secretive marsh birds helped us detect these species, and so
we recommend using playback calls in mitigation monitoring. The marsh bird monitoring
program used no more than six minutes of playback calls so that a monitor would be able to
reach many monitoring stations. In mitigation monitoring, a monitor would likely only need to
reach one or a few monitoring stations at a single restoration project, so more playback calls
could be used to help detect more target species.
Overall, we were satisfied with the methodology of the frog and toad calling survey. The
methodology is simple and has been used state-wide since 1984, and we were able to detect
many different frog and toad species. However, there were some challenges with implementing
this methodology. At two sites, it was difficult to distinguish whether calls we heard came from
the restored wetland or from neighboring farm ponds. Since the monitoring is done at night, it
may not be easy to enter the restored wetland far enough to verify the source of calls heard. An
additional problem we encountered is that loud calls from prevalent species can make it difficult
to hear calls from uncommon or quieter species. For example, we only heard a leopard frog at
one site, and this frog only called once. If a full chorus of Cope’s gray treefrogs had been calling,
as was the case at other sites, we might not have heard the leopard frog. A final limitation with
the frog and toad calling survey is that it will not detect amphibian species other than frogs and
toads.
The most time-consuming methodology we tested was the amphibian trapping. While we set
traps at four sites, at three of those sites, we did not detect new species that were not already
detected using the call survey. However, at one site we did find tiger salamanders, which we
could not have detected during the call survey. Distinguishing the species of tadpoles was also
challenging. We could not tell apart the two species of treefrogs, and distinguishing the Rana
species was also difficult. While we were confident in the field that the Rana tadpoles we found
were all green frogs, it is possible that we were mistaken and one or more tadpoles were actually
leopard frogs. Overall, amphibian trapping was helpful to determine whether salamanders and
newts were present at a site and to verify the presence of other amphibians heard during the frog
and toad survey. We also caught many fish and invertebrate species in our traps, and information
about these wildlife groups could also be used if these data would help show whether the
restoration site has met its goals. However, if time and resources are limited and salamanders or
newts are unlikely to be present, conducting the frog and toad survey alone may be sufficient for
amphibian monitoring.
Appropriate timing and repetition of the wildlife monitoring methodologies are important. In
general, we recommend not beginning wildlife monitoring until at least two years after
completion of the restoration project, so that the vegetation has had some time to establish. Most
wetland mitigation projects have a five-year monitoring period, so we recommend conducting
wildlife monitoring during each year of the final three years. For avian monitoring, we were
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satisfied with the amount of repetition we did and recommend repeating the survey three times
during the breeding season. For the frog and toad call survey, we were not satisfied with
repeating the survey only once during each phenology period (for a total of three call surveys per
year). Since the timing of the call survey heavily influences the ability to detect species while
they are calling, we recommend repeating the call survey twice during each phenology period
(for a total of six call surveys per year.) For the amphibian trapping survey, we chose to only set
traps in early July, when the results of trapping would not be weather dependent. While this
makes the decision of when to set traps much easier, some amphibian species that are early
breeders are missed by July trapping, such as wood frogs and spring peepers. Traps could also be
set in early spring, but the traps must be set when conditions are right (generally after
temperatures rise when ponds have recently thawed). While we were satisfied with setting traps
only in July and leaving them in place for three days, a monitor who wants to makes sure that no
species are missed may want to consider leaving traps in place longer, setting more traps and
also placing traps in spring.
Site goals and performance standards
Our study was too small and brief in order to do more than to suggest possible performance
standards for wetland mitigation sites. There is no consensus among wetland ecologists on what
wildlife populations ought to be found in a wetland for the restoration work to be considered a
―success,‖ and much more needs to be learned about the habitat needs of many animals.
Therefore, we recommend that mitigation performance standards relating to presence of wildlife
be approached with flexibility and not be relied upon as key standards.
Every wetland restoration should have many goals and performance standards, but we
recommend that the primary focus should remain on restoring natural wetland hydrology and
vegetation. A site with a diversity of wetland plant communities that is connected to other natural
areas can reasonably be assumed to provide good wildlife habitat for many species. While we
believe that it is important to test this assumption and evaluate what animals are using restored
wetlands, we do not think that the presence of a certain number of wildlife species should be
used to de-emphasize the importance of establishing good floristic quality within restored
wetland plant communities.
We used our restoration sites in Dane County (and one site in Washington County) as models to
propose one approach to setting wildlife performance standards and then evaluate whether or not
these standards would have been met. We sought to show how flexibility could be incorporated
in setting standards and how the planned characteristics of the restoration site should influence
the development of standards.
For our approach to setting performance standards, we decided to focus on species that are
considered conservation targets by wildlife experts. We wanted to use established lists of wildlife
species that would be dynamic over time as the status of species change. Wisconsin’s Wildlife
Action Plan (WDNR 2005) designates the species of greatest conservation need for the state,
which includes 84 bird species and six amphibian species. If a site can provide appropriate
habitat for any of these species, the monitoring program should evaluate whether or not these
species were found within the restoration site. However, these species are generally rare and
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restoring habitat for these species does not necessary mean the species will be found. If the
habitat is appropriate but the species is absent, there is little that the project manager can do in
response. Therefore, we do not recommend that successfully meeting a performance standard
should ever hinge on the presence of a single species. Even detecting any single species of
greatest conservation need may be too ambitious. We decided to designate these species as
primary species, because while these species may be the most important targets for restoring
habitat, it may be unlikely that these species will be detected.
For example, at the sites where we monitored wildlife, few primary species were detected. None
of the amphibians of greatest conservation need were detected. A few birds of greatest
conservation need were detected, but only three species were detected at least twice at a single
monitoring station. These species—eastern meadowlark, field sparrow, Henslow’s sparrow—
were all found in the upland/wetland transition area at the Dane site. American bittern, blackbilled cuckoo, blue-winged teal, solitary sandpiper, willow flycatcher, and yellow-billed cuckoo
were not detected more than one time at a single station.
We also attempted to establish lists of secondary bird species that are more common than the
primary species but are species of possible concern for conservationists. We combined three
different lists of species to form our list of secondary species (see Appendix E). Some of these
bird species are lower priorities as conservation targets, but we found that many good wetlanddependant species were on these lists. We believe that if no primary species are detected at a
restoration site, the presence of many secondary species could also indicate that good avian
habitat had been restored. Since there are so many bird species in Wisconsin, we think it is
important to distinguish between relatively common birds found in natural habitats and very
common birds that are generalists. In comparison, we did not establish a list of secondary species
for amphibians. We did not think it was necessary to limit the species recorded in the field,
because there are so few amphibian species found in Wisconsin.
A total of ten avian secondary species were identified at the five Dane County sites. Each site
had at least two secondary species. The Dane-Witte site, a WRP restoration project with the most
secondary species, had a total of seven secondary species that were found at least twice at a
monitoring station. Only one secondary species, the common yellowthroat, was found at all five
sites. For amphibian species, no primary species were identified, but a total of eight other species
were detected. Each site had at least three amphibian species, and two sites had six species.
Prior to setting performance standards, we recommend that restoration managers develop a list of
which target species may potentially use their restoration sites. Many primary and secondary
species are not found throughout the state, and most have specific habitat requirements. For
example, most of the amphibian primary species would not be expected to be found at our sites
in Dane County and Washington County. Mink frogs are not found in either of these counties,
and Blanchard’s cricket frogs are highly unlikely to be found in either county. None of our sites
were adjacent to large rivers or lakes that would provide the deep aquatic habitat required for
mudpuppies or had forest with moss-lined pools required for four-toed salamanders. Therefore,
these species should not be taken into consideration when developing performance standards for
the Dane County sites. In Table 10, we list the amphibian species potentially present within the
restoration sites.
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With bird species, other decisions must be made in developing a list of expected target species
for a restoration site. While amphibian species found in sites can generally be assumed to be
using the site for breeding, bird species may be using sites for foraging or as a stopover during
migration, rather than for breeding. Since the avian monitoring methodology we recommend is
designed to detect birds during the breeding period, we recommend only listing birds as potential
target species that are likely to be using the sites for breeding, or foraging during the breeding
season. However, the target species should be carefully selected so that they are representative of
the site’s restoration goals. If a goal of the site is to provide stop-over habitat for migrants, then
the anticipated target list and the monitoring methodology should be adjusted accordingly.
Furthermore, while nearly all amphibians use wetlands for breeding, many potential target birds
are found primarily in upland habitat. A decision should be made in the planning stages of the
restoration whether or not birds found in upland habitats adjacent to the wetland site should be
target species. If restoring uplands is a key component of the overall restoration project, then we
recommend the upland species be included at potential target species. The bird species we listed
as target species for the Dane County restoration projects are listed in Table 11. Information
from the Wisconsin All-Bird Conservation Plan (Kreitlinger and Paulios 2007) was used to
prepare Table 11, as well as expert advice from WDNR avian ecologists Ryan Brady and
Andrew Paulios (personal communication, 2009).
Developing a list of potential target wildlife species during the planning stages of the restoration
can also help decisions on how the site will be restored and maintained. In general we
recommend that such decisions be primarily influenced by what the wetland was like prior to
being drained for agriculture, and then using the anticipated post-restoration communities to
choose appropriate target species. However, certain decisions like planting shrub species or
avoiding setting prescribed burns in certain areas of the restoration can be made to help improve
the site’s ability to provide habitat for target species.
Once a list of potential target species has been developed for the planned restoration site, it can
be used to develop performance standards. In setting the performance standards, we recommend
incorporating flexibility and keeping in mind that if the project proponent fails the wildlife
standard, there may be little that can be done in response. However, performance standards
should also not be set too low. Ideally, the full set of performance standards for a site should be
set at a consistent level so that a site either meets all standards or fails all standards. If a site fails
to restore the intended types of wetland plant communities, or is dominated by invasive plant
species, we expect that the wildlife standard would also not be met.
If a site is unlikely to provide breeding habitat for many target species, we recommend that no
performance standards be set for those species. For example, at the Middleton site, we felt few
target birds or amphibians would likely use this site, because it is small, with little standing
water, no adjacent forest, and surrounded by urban development. In our monitoring, we did find
a few secondary species, but less than at other sites. At both the Dane and Wilke Preserve sites,
we also did not anticipate finding many amphibians due to the lack of standing water at the
former and the lack of adjacent forest at the latter. We were surprised to find six amphibian
species at Wilke Preserve, which may show that there can be value in monitoring sites where few
species are expected.
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For sites where many target species have the potential to be found, we recommend that the
wildlife performance standard follow an ―either/or‖ format. We suggest that in order to meet the
performance standard, the monitor must detect either one (or a few) primary species or several
secondary species while conducting wildlife monitoring. This way, the project proponent has two
ways to meet the standard. While it is likely that the standard will be met through the detection
of secondary species, the monitor will have an incentive to try to detect primary species. Another
possibility for setting a performance standard would be to require the detection of a defined level
of abundance of individuals of a few secondary species, although we believe it would be
challenging to predict what numbers of individuals would be reasonable to expect.
The performance standard should also indicate how often the species must be detected at the site,
both within a season and over the multi-year monitoring period. We recommend that a species
only detected once should not count towards meeting the performance standard. This can help
insure that the species was identified correctly, or in the case of birds, was not just passing
through. If the monitoring period for wildlife is three years, then we suggest that the species
should be detected two of those years. An amphibian species may only need to be trapped once
during a year for its presence to be verified, but we recommend that the species be heard twice a
year during the call survey (assuming that the call survey is conducted twice during each
phenology period). For birds, we recommend that the species be detected twice during a single
breeding season, although allowances may need to be made for secretive species that are difficult
to detect.
In general, we believe that a reasonable performance standard for birds at the sites we monitored
in Dane County would be to detect either one primary species or five secondary species and
detect these same species over two years. Of the four sites where we believe avian performance
standards could have been reasonably met, three would have shown that they had met the
standard for one year. Only two secondary species were detected at Dane, but three primary
species were detected. All of these species are primarily upland bird species, so it would have
been important in the planning stages of the restoration to determine whether these species were
appropriate target species for this site. Since the restoration of upland habitat was a significant
component of the overall restoration of this site, we listed these primary species as potential
target species. Both the Martinelli and Witte-Dane sites had more than five secondary species.
Only four secondary species were detected at Wilke Preserve, but an American bittern was
observed once. If this primary species, which can be secretive, was detected again in subsequent
years, this site would likely be close enough to meeting the performance standard. Also, only one
monitoring station was placed in this site, but we believe we could have justified placing a
second monitoring station on the other side of the site. This action might increase the likelihood
of detecting secretive species that were present at the site.
For amphibians at the six restoration sites, we suggest that an appropriate performance standard
would also be detecting one primary species or five other species for at least two years. This
standard would be appropriate for sites with habitat for many different amphibians species,
including salamanders or newts. For example, we anticipated that four of our restorations sites
could have habitat for at least six different amphibian species, and traps were set at three of these
sites. Two of those sites would have met the standard, but the Gundrum site was one species
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short of meeting the standard. We believe that an increased monitoring effort at this site would
like show that another species is present. No American toads were detected at Gundrum, but we
would be surprised if this common species is truly absent from the entire site. Another listening
station for the calling survey might have been placed at the other end of the site, or more traps
might have been placed at other locations with some standing water.
For sites where habitat for salamanders or newts are likely absent and no traps are set, an
appropriate standard could be one primary species or four other species. We detected at least
three species at all sites while conducting the frog and toad survey, and it is possible that with an
increased monitoring effort that another frog or toad species may be detected in future years.
However, if few amphibian species are listed as potential target species at the beginning of the
monitoring effort, it may be best to not set an amphibian performance standard for that site.
Other approaches could be taken to setting performance standards for wildlife. Standards could
be set that focus on the planned habitat, rather than the actual presence or absence of animal
species. In the planning stages of the restoration, the project proponent could define the structure
within plant communities needed by a particular group of target species, and then subsequently
evaluate that the structure was created. The advantage of this approach would be that the project
proponents would be evaluated on primarily vegetation factors that they could more easily
control. However, there would be little incentive to collect monitoring information about whether
or not the targeted wildlife actually used the habitat, because the presence of wildlife would not
influence whether or not the project proponents met their performance standards.
Another approach to setting wildlife performance standards would be to devise a wildlife quality
assessment similar to the floristic quality assessment. Coefficients of conservatism could be
assigned for Wisconsin fauna based on their tolerance of disturbance. Other states have done this
for different faunal groups; for example, coefficients of conservation for amphibian species have
been proposed for use in Ohio (Michacchion 2004). A group of experts on Wisconsin wildlife
would need to assign coefficients of conservatism, but there may not be enough knowledge of
some groups to do this. Furthermore, adequate testing of the assessment system would needed
before appropriate benchmarks for assessment scores could be determined and used in
performance standards. However, we believe that this approach holds promise to help develop
meaningful, quantitative performance standards in the future.
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Part 3: Application of Study Results to Planning a Wetland Restoration Site
As we examined the wetland plant communities, amphibian populations and bird populations at
different wetland restoration projects in southern Wisconsin, we discussed how restoration goals
could have influenced the design of the restoration project. For example, several projects may
have had a goal of creating habitat for waterfowl, and consequently these projects were designed
to create areas of shallow marsh and open water. However, most projects did not have records
that explained what the goals of the restoration project were and how these goals were
developed. In this section, we briefly discuss how future wetland restoration projects may use the
watershed approach to set project goals.
The National Research Council recommended that mitigation programs use a watershed
approach when designing wetland restoration projects (NRC 2001), and the new federal rules for
mitigation explicitly state that a watershed approach must be used where practicable (73 FR
19674). The basic principle behind the watershed approach is to encourage restoration
practitioners to make informed decisions based on watershed needs as they plan their restoration
project. Rather than plan each restoration project on a case-by-case basis, project leaders should
understand how their restoration projects can fit into a larger context and help meet a variety of
watershed goals to improve aquatic resources.
Ideally, wetland restoration practitioners can use a comprehensive watershed plan that has
already been developed to help them plan their projects. Such a plan should address the current
status of wetland resources and other water resources and identify specific wetland services
needed in different areas. Plans that are comprehensive to this degree and specifically geared
toward wetland resources are generally not available in Wisconsin at this time. However, a GIS
layer of potentially restorable wetlands has been completed for the southern third of Wisconsin
(see Table 12). Efforts to prioritize wetland restoration opportunities and address specific
wetland services have been undertaken in the Milwaukee River Basin (Kline et al. 2006), the
Mead Lake watershed (Voss 2007) and the Rock River Basin (Hatch and Bernthal 2008).
Additionally, information from other resources listed in Table 12 can further help restoration
project leaders set their restoration goals.
Selecting the location for wetland restoration is generally the first step in the process of planning
a wetland restoration. In theory, project leaders can set restoration goals first, and then use
watershed plans and other information to determine the best location for meeting these goals.
Compensatory mitigation should work like this, because the primary goal of compensatory
restoration projects should be to compensate for wetland services lost due to permitted activities.
In practice this can be difficult to achieve. A wetland restoration cannot be placed just
anywhere—a drained wetland must be present. The wetland hydrology must also be restorable
and the current landowner must allow the work to be done on his or her property. It can be very
difficult to find locations that meet these conditions, and so the project leader may be limited to
selecting among a small set of viable sites.
Once a site location for a restoration project has been selected, the project leader can focus on
learning more about that location and using this information to guide the restoration design. We
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recommend gathering information at three different scales: first the restoration site, second the
areas immediately adjacent to the site, and lastly the watershed or basin where the site is located.
Information on the immediate vicinity can help determine the wetland plant community types
that are most likely to be successfully restored, while local and regional information can help the
project leader understand what wetland services are needed within the area.
We recommend using information about the site to try to determine how the site was altered and
what wetland community types were present prior to European settlement. Some useful
information may be found from historical information, such as Original Government Survey
notes, but most information must be collected onsite, such as data about soils and topography.
The restoration project leader may then be better able to predict the types of wetland plant
communities that can establish once hydrology is restored.
If there are natural areas surrounding the restoration site, information about these neighboring
communities can provide further clues about suitable restoration goals. The floristic composition
of adjacent areas can help predict some of the plant species that may colonize the restoration site.
The presence of a nearby reference wetland is especially useful for determining the types of
native plant species the restoration project leader may want to encourage to re-establish in the
restored wetland. However, if the surrounding communities are dominated by invasive species,
it may not be realistic for the project leader to aim to restore plant communities with high
floristic quality.
After restoration project leaders have evaluated the restoration site and the immediate vicinity,
they will hopefully have a better idea of the possibilities and limitations of the types of wetland
services that might be provided by the completed restoration project. The next step in the
planning process is to return to a watershed approach to understand all the identified watershed
needs that can be met in that location. If a watershed plan for wetland resources is available, then
the information needed to help restoration project leaders take advantage of their wetland
restoration opportunities may be easy to obtain. If not, then the project leader will need to seek
information about different wetland services from multiple sources.
First, we recommend that the project leader examine the status of wetland resources within the
watershed or basin. Information about the acreage and types of wetlands currently present and
the acreage and types of wetlands that were lost can help indicate which wetland types are higher
priorities for restoration. The current condition of wetlands within the region can indicate
limitations to restoring floristic diversity. For example, if maps of reed canary grass coverage
indicate that most wetlands within the target watershed are dominated by this invasive species, it
might be difficult to get native species re-established within the project site. Information about
development trends within the region can also be useful to indicate how the area may change in
the future and whether or not wetland resources are likely to be impacted.
Next, the project leader should study the types of wetland services that are needed to enhance
water quality and abate flooding. Within the watershed, wetland restoration project leaders
should examine whether their project is in a strategic area for flood abatement or water quality
treatment. The project leader should examine whether impaired water bodies or sources of
watershed impairment are located near the project. Storm water plans may also indicate whether
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or not excess water may frequently enter the restoration site. If the location of the restoration
project indicates that there is a local need to abate these types of problems, the project leader
may want to revise the design of the restoration to help improve retention of flood waters or
sediment.
Many wildlife species depend on wetlands for habitat, and the project leader should investigate
whether their project might provide needed habitat for species that are conservation targets.
There are resources in Wisconsin that can help project leaders determine whether their project is
located in a priority area to restore habitat for particular species. For example, the Upper
Mississippi River and Great Lakes Region Joint Venture has produced a habitat conservation
strategy for waterbirds (Soulliere et al. 2007) and other groups of birds that show high priority
areas for wetland restoration in Wisconsin. Best management practices for the habitat of target
species should be studied so that the restored wetland communities can be managed properly.
The restoration project leader must then use all the accumulated information about the project
location to help set the project’s restoration goals. In some cases, the project leader will need to
reconcile the needs of the watershed with the limitations of the site. For example, there may be a
need for forested wetlands in the area, but if the project area is small and not adjacent to any
other forested areas, a forested wetland restoration might not make sense in that location. In
other cases, different watershed needs may conflict with each other. For example, the project
may be located in an area that is a high priority for flood abatement and a high priority for
restoring habitat of a rare animal species, but the wetland types that can best store flood water to
abate flooding many not be the same type of wetland that can provide habitat for the animal.
Ideally, a watershed plan should identify the highest priorities for wetland restoration activities;
otherwise, the project leader will need to decide the most practical set of restoration goals based
on the available information.
We hope that placing individual wetland restoration projects in a larger context will encourage
the restoration of wetlands that are constructed and managed so that they will help meet local and
regional needs for aquatic resources. The watershed approach should be helpful to wetland
restoration practitioners in planning their restoration projects, especially once watershed plans
specific to wetland resources become more widely available.
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Table 1: List of restoration study sites included in our study.
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Table 2: Classification of National Agricultural Statistics Service land cover types by land use
intensity.
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Table 3: The 38 plant species with the highest mean of the relative occurrence and cover.
Occurrence is the average frequency that species were found within wetland plant community
types. Cover is the average cover that species were found within wetland plant community types.
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Table 4: ANOVA analysis of differences in floristic quality among wetland plant community types.
Mean values followed by different letters are significantly different (Tukey’s HSD test, p < 0.05).

Table 5: Multiple linear regression models for each of the floristic quality measures selected
through backwards elimination.
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Table 6: Percent frequency of occurrence of avian species at monitoring stations during three
dates in 2008 at five wetland restoration projects in Dane County. Overall percent frequency is the
number of times a species was observed at any of the nine monitoring stations during all three
monitoring dates.
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Table 7: Total number of avian point count stations and total wetland area within each wetland
restoration project. Total species = Total number of avian species detected during at least two
monitoring dates at one or more count stations. Number primary species or secondary species =
Number (see Appendix E) detected during at least two monitoring dates at one or more stations.
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Table 8: Average number of individuals of the marshbird target species detected per visit within
restoration projects. We detected birds at monitoring stations, and restorations projects had
either one, two or three stations. We visited monitoring stations three times.

Table 9: Detection of amphibian species within six wetland restoration projects, including the
overall frequency at which the species was observed all sites, and the total number of species
detected at each site. Call = Species was detected during the frog and toad survey. Trap = Species
was detected during the trapping survey. Call + Trap = Species was detected during both surveys.
Seen = Species was observed at the site outside of a trap. Not Detected = Species was not observed
at the site.
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Table 10: Amphibian species that may be found within six wetland restoration projects, based on
presence of appropriate habitat with the species' breeding range. Primary species are amphibian
species of greatest conservation need in Wisconsin (WNDR 2005).
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Table 11: Target avian species (see Appendix E) that may be found within five wetland restoration
projects, based on the presence of appropriate habitat with the species' breeding range.
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Table 12: Examples of resources that can be used when planning a wetland restoration in
Wisconsin
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Figure 1: Location of restoration projects included in our study within southern Wisconsin.
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Figure 2: Catchment area that drains into the A) Walkerwin East and West and B) Savoy study
sites. Site locations shown in red in the locator maps.
A)

B)
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Figure 3: Comparison of land uses within A) 1 km and B) 0.5 km of the center of the Middleton
restoration site. Land use data are from the 2007 Wisconsin Cropland Data Layer, National
Agricultural Statistics Service.

A)

B)
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Figure 4: Wetland plant community types restored at study sites. Chart A) shows how many of the
30 study sites contain the community types and chart B) shows how the total area of all study sites
is divided among the community types. The total area of all study sites is 200 hectares.

Figure 5: How the total area within A) mitigation restoration sites and B) voluntary restoration
sites is divided among different wetland plant community types.

Page 47

Improving Wisconsin’s Wetland Compensatory Mitigation Program 2009
Figure 6: Floristic quality assessment values for wetland plant communities at study sites.
Benchmarks for low (yellow area), medium (green area), high (blue area) and excellent (purple
area) floristic quality in southern Wisconsin wetland communities are provided by Bernthal et al
(2007).

Page 48

Improving Wisconsin’s Wetland Compensatory Mitigation Program 2009
Figure 7: Comparison of floristic quality assessment values of plant communities of wetland
restoration sites evaluated in 2008 with plant communities of existing (non-restoration) wetlands
evaluated from 2000-2005 (data from Bernthal et al 2007). Wetland restoration plant communities
are divided into communities restored as part of a mitigation requirement and those restored
voluntarily. Benchmarks for low (yellow area), medium (green area), high (blue area) and
excellent (purple area) floristic quality in southern Wisconsin wetland communities are provided
by Bernthal et al (2007).
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Figure 8: Comparison of the percentage of communities with certain plant types that were
dominant species within A) communities with medium floristic quality (Mean C > 2.4, FQA > 12.5,
Native Cover > 50%) and B) communities with low floristic quality (Mean C < 2.4, FQA < 12.5,
Native Cover < 50%). Dominant species were defined as species with cover classified as abundant
(between 20-89% cover) or monotype (more than 90% cover). The dominant species found within
the two groups of communities are listed under the plant types.
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Figure 9: Percent frequency of amphibian species detected at calling stations. Results from the
Statewide Frog and Toad Survey from 1987 through 2007 (to the left) are compared with the
results from six wetland restoration sites in southern Wisconsin in 2008 (to the right). Only species
detected during the restoration study are included.
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