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3 INTRODUCTION

Alteration of wetland hydrology for crop production is the primary cause of wetland losses across the
world and is commoim Wisconsin (Zedler & Kercher 2005). These alterations most commonly take the
form of aboveand below ground conduits (ditches and tile) installed to lower the water table, drawing
water away from the upper soil horizorfSuch drainage systems are conmo Wisconsin and impact

both land in agricultural production and adjacent remnant wetlagsother common alteration to
wetlands is sedimentation, or the burial of wetland soils by upland soil materials, usually comprised of
silts. Sedimentatiomas be@ shown to increase soil bulk density, lower soil organic matter, and lead to
increased invasive species cover (Werner & Zedler 2002).

Restoration has been definedi KS G NBGdzNy 2F |y SO2aeadsSy G2 | Of 2
prior to disturbaneé¢ 6 bl G A2y £ 00S2NRICH.POKIar \BetlayidS, keturning natural
hydrology, including dominant water source, hydroperiod, and hydrodynaisie&ey part of restoring

I ¢S4t YyRQA y I (dzNI(NRCS 201Ho\réiknxhésewetlaRdstd theyf et A 2 y
disturbancehydrologicaktate, or at least theitrajectory (SER 2004)indoing any and all reversible
alterationsisthe ideal approachln practice however, wetland restoration practitioners have a range of
approaches tdaheir projects, ranging frontomplete historical restoration, partial restoration, or
minimal restoration(Thompson & Luthin, 2010J.omplete historical restoration it often attempted

due to financial constraints, impacts to neighbors, legal resbricti or beause ecosystem restoration is
not consistent with the desiretesult(e.g.persistent shallow open water favaterfowl habitat or
stormwater infiltration).

. S0l dzaS KeRNRf23& A& GKS aYl adSNI I NRetalf28®) o/ NBy |
that determines most wetland characteristics, it is expected that projects that use techniques designed

to completely restore hydrology will achieve a closer approximation cfiseirbance conditions than

those that only partially or minimigd restorehydrology.This study aims to compare different

restoration techniques to better understand the consequences of returning hydrology completely or

partially.

3.1 WETLANBRESTORATIORECHNIQUESPTIONS TRESTORE HYDROLOGYIRARY OR

COMPLETFEL

Ditchesare utilized to convey surface and subsurface water usually from a farm field to create
conditions more conducive for common agriculture crops; disabling ditches is utilized to reverse
drainage effortsWhen drainage ditches are present on a&gitoposedor wetland restoration, the
practitioner has the choice to completely fill them along their length and recontour to match the original
grade-I dighfilic2 NJ RFY GKS RAGOK Idichplugné f 2SISENY LRAWS  BM ¢
open but peventing water from draining offite. A third option is to leave the ditch in pla@tch filling

is the only option designed to attempt complete removal of the draining effect of the ditch. Ditch
plugging and leaving the ditch in place wiltheory Eave some negative hydrologic impact due to its
water storage capacity, depending on ditch size, depth, and soil type. However, whether this effect is
important or negligible to the ultimate success of the restoration is not well known.



Subsurfae drain tle lines are utilized to convey water from just below a farm field surface out to a
nearby waterway with the purpose of creating conditions conducive to farming; disabling subsurface
drain tiles is another form of reversing the drainage effafta farmfield. As withditches subsurface
drain tile linegperforated, hollow tubes made of clay or plajtice commonly present on farm fields
converted from wetlands. They are placed 3 to 4 feet underground in parallel lines to collect water and
convey it offthe field to a larger tile line or drainage ditch, preventing the upper parts of the soil from
becoming saturated. To completely remove the drainage effdettemoval-the removal of all tile from
the soil and filling in the remaining soilaiimel isrecommended (Thompson & Luthin 2004). However,
the morewidespread practicestile breaks- leaving the tile in place but breaking or plugging the flow at
strategic places along the line. Like ditch plugging, this method will prevent conveyfanager df the

site but retains some degree of localized drainage.

éSedimentremovaé A & | udef © kegtdrdjwdtnds that have been impacted by
sedimentation, or burial of a wetland soil by siltation from uplanblse recenthdeposited silfalso
termed post-settlement alluviunor legacy sedimentss removed taestore historical topography
Sediment removalequires mapping of the sediment ke removal of sediment across the site to
expose the original wetland grade, and transportation of the sedinoffrsite (J.Nanig pers. comn).
Many restoration projects do not address sedimentatibaywever, due to the largscale eartimoving
requiredwhich is generally perceived as too expensive an undertakigecially on large sites
However, he silty, ofen nutrientrich soils in possettlement alluvium can favor invasive specesi
depending on depth can raise the upper layers of soil abogi ttater sources causing wetland
obligates to be displaced by facultative spedi&®rner &Zedler2002)

Scrgpesbypass the alterations to hydrology on the site and instead focus on creating standing water on
smaller areasScrapes are excavationstire topsoil or subsoilevelin a depressional basikxcavated
materialsare usedo form alow bermor embankmeh(NRCS2016) Another technique is toreate
largeberms dikes, or otheimpounding structurego hold surfacewater. These projects are often
designed to attract waterfowdnd notare notintendedto restore natural hydroperiodsdowever they

are comnonly included under a broader definition of wetland restoration and are abundant throughout
the state of Wisconsin.

3.2 USINGFQAMETHODOLOGY ASSESRESTOREWETLANDS

The premise of bioassessments like floristic quality assessment iE-tQA) biolaical taxa can be used
as indicators of altered conditions due to their differing capacities to withstand heattared
conditions (EPA 2002). As an ecosystem becomes more alggrecies that are sensitive to disturbed
O2y RAGA 2y & ( 2ad8SRdedtR2d/ididsoN &t andlisturbancetolerant species increas#lore
natural hydrologic conditions are expected to be reflected in the presence of more ecologically
conservative plant species occurring in the wetland plant community which carebsured usig
floristic quality assessment (FQA) methodology.

The Wisconsin Department of Natural Resources (WDNR) began developing FQA methodology in 2002
GAOGK (GKS |aaA3ayyYSyld 2F / 2STFFTFAOASYyGAa 2F [/ 2yaSNBFGA
Coeffcients of Conservatism valuesVY@lues) rate the elgree of conservatism or sensitivity of each



plant species to alteration on a scale of 0 to 10, with-native or very tolerant species at the land
andspecies that are restricted to intact naturakas given a 10. These ratings are the foundation of
floristic quality assessments, allowing plant inventories to serve as estimates oitsgaty.

The assignment of-Galuesii 2 2 A & O 2 ywasKolfo@ed byfttie 2leN&lopment of mean coefficient of

conservatismd@ andHoristic Quality Index (FQI) bechmarks foplant communities irSoutheast

Wisconsin in 2006 (Bernthal et al. 2007). These benchmarks were then applied to evaluate restored
gSGtFyYyRa AY Hnny AY | LINE eCOpedsatony Mitigadh @rbgyam: 2 A 4 02 y &
Factors InfluencinGf 2 NAAGA O vdzZ t Adé YR aStiK2Ra F¥2NJ az2yAidz2N
the development of FQI benchmarks has been expanded across the state and quantitative estimates of

ra

plant cover wereadded makingcoverweighted metric{denotedby addf 3 wé G2 GKS 06S3IAYYA

the metric)such asweightedmean Coefficients of Conservatismd andwFQI(wd weighted by
species richnesgossible (Hlinat al. 2015, Marti & Bernthal 2019).

Through the process of developing floristic quality benchtedDNR has developed a database of
vascular plant datand floristic quality metrickom over 1,100 natural wetlands across the state.
Recently, accompanying soil data has been added to approximately one third of these wetlands,
allowing comparisons ofdth floristic quality and soil parameters of natural wetlands to restored
wetlands.

ThisstizReé A& GKS FANRG (2 S@lFfdza iS 6SGftlyR NBad2NI Az
to all areas of the statéHlinaet al. 2015, Marti &ernthal 2019)We hope the results will help to refine

the methodology for future use in evaluating resttions, developing performance standards for

wetland vegetation, and understanditige effectivenessand limitations of wetland restoration in the

state.

3.3 WDNRBROLE INWETLANBESTORATION

The periodic study of historic wetland restoration effortaigaluableool to inform the standard

practices accepted ngstorationpractitioners and regulators. WDNR staff often are called to assist with
dedgns of wetland restoration efforts, advise on where and how restorations should be planned, and
oversee he approval of regulated restoration such as those associated with wetland compensatory
mitigation efforts. One purpose of this study isewaminerestoration efforts of the past few decades

and determine if thehoseundertaken by WDNR staff afitd partners are effective in restoring valuable
wetland functions back onto the landscape. The results of this study will be ubydN®NR stafto

planand communicate withAVDNR partnermethodsto improve wetland restoration efforts.

34 OBJECTIVES
1. UseWDNRa Cv! aSiK2R2f 2 3restotaRonuSigla vadigtyioBydiBgict I y R
restoration techniques including ditch and tile modifications, sceapad sediment
removal.



2. Test for differences in floristic quality outcomes between restoration techraguigh an
emphasis on comparing techniques designed to restore hydrology more completely versus
those that only partially restore hydrology.

3. Collectand analyze soil dataok for patterns of floristic quality related to soil type atwd
compare levels ofoil organic carbon in restorations with levels in natural wetlands.

4. Applythe findings of this study to Wisconsin Department of Natural Resouvedand
restoration efforts, especially compensatory wetland mitigation designs and performance
standards.



4 METHODS

4.1 STESELECTION

A pool of over 190 wetland restoration sites were evaluated as possible candidates for this
study. Candidate wetland restorations came from multiple agencies including the Wisconsin Department
of Natural Resources (WDNRJ)e USDA Natural Resource ConsgovaService (NRCS), Madison
Audubon SocietyThe Nature Conservancy, the Prairie Enthusiasts, and the Wisconsin Department of
Transportation (WDOTNRCS and DNR provided access to their databases of restorations wiech we
sorted by restoration techniquescoregion, and ease of access. Restorations from other organizations
were found byreaching out to known wetland restoration practitioners requestiaegtorations of
known techniqueThirty-nine (39) estorations weresdected forthis studybased on megng the
following criteria:

1. The hydrologic restoration technique(s) were known and included at least one of the foll@awving (
sample size of n=10 for each technique was degired

1 Tile removalremoval of thesubsurface thintile system from the so#nd ideally backilling
the remaining underground conduit.

9 Tile break breaking or disabling theubsurface draitile system in one or more places to
interrupt flow.

1 Ditch filt filling adrainageditch along its lengthdeally to match grade on eitheide.

9 Ditch plug installation of structures intended to dandeaainageditch in one or more places to
stop flow.

9 Scrapesexcavation of small areas to hatallowwater; excavated soil is retained on site as an
impoundingfeature.

1 Sediment Removaéx@vation to expose the original hydric soil layer or-pr@opean
settlement topography; excavated soil is removed fribia wetland restoratiorarea.

2. Dikes or impounding structures were not the primary method of restorirgtsitirology The
exception wadow berms (<3 ft) associated with scrapes.

3. More than 4 years had passed since restoration work was completed.

4. Sites were wetlansihistoricallyand not the result of wetland creation.



4.2DATACOLLECTION

4.2.1Floristic QualitAssessments

Identifying the assessment area

ldaSaaySyid ! nmddreaswitiin'the @stabatiositiBat viere thought to be directly

affected by the hydrologic restoration technique. However, assessment areas are defined as a single
homogeneousvetland community type so when more than ongetland communitytype existedin
eachrestorationsite, theyg S NB & dzZNIIS & S R Fbréxanipl8,Ednd\@dsibration sitethaddwo

distinct community types, such as a southern sedge meadow and a shruthessinde restoration site

KIR g2 11 Qa SaitlofAaKSR® | SNBI FTGSNI dgariasSe gAatt o
be used to describe the smaller community unisbmergent marsh 2 NJgd AILSNE  O2 Y Y dzy A G A S
were not surveyed dueota lack otonsistentsampling methodlogyand floristic quality benchmarks to

assess these communities.

Information concerning the location and nature of restoration techniques employed was easiest to
obtain from compensatory mitigation projects duettee extensie reporting required, the most useful
of which were site construction plans and written descriptions or logs of restoration activities. Non
profit restoration projects had the least amount of documentation, requiring interviews with the
restordionist and/or current land manager, the use of historical imagery and in some cases, LIDAR
imagery.

Timed Meander Surveys

Oncethe AA(s) wereidentified, field crews followed th®WDNR Timedleander Sampling Protocol for
Wetland Floristic Quality Assessnt¢mrochlell2016). First, a complete or neaomplete inventory of
the vascular plants found within the plant community was generated by meandering through the
community actively searching for and recording new species. New species discovered inmaaate5
interva were recorded. The survey was stopped once the number of new species per idiesiaéd

to zero or one, with no new areas of diversity apparentthe end of the AA was reache8econd, each
species was assigned an estimate of perceaabtover fom 1 to 100 Speciesthat could not be
identified in the fieldwere collected and pressed for later identification.

SoilDescription and Sample Collection

At each site, a representative location was selected to describe and sample the soid 2ulger was

used to obtain a description of the profile down to 60 cm (24 inches), including texture, color, and redox
features. Observations of hydrology, depth to saturation, and depth to groundwater table, were also
recorded. Soil samples were colledtirom the surface (top 10 inches) using a spade and/or soil core

and then placed in a plastic bag and stored in a cooler until they could be brought to the laboratory and
refrigerated.

Maintenance and Pramstoration Drainage Data
Information about maitenance practices and prestoration drainage status were obtained from the
following sources:



1. Personal interviews of land managers and restoration practitioners.
2. Construction plans, wetland delineation reports, and monitoring reports prepared for
compersatary mitigation projects.
3. Imagery:
a. Google Earth current and historical imagery

b. 1937Znm I SNAFf AYlIF3IASNER 41 a | O0SaaSR FTNRY

c. Wisconsin Regional Orthophoto Consortium (WROC) Springffesdrial images (2010)

12my ¢ NI a@pf/ehé ko

d. LiDAR (Light Detection and Ranging) imagery: Digital Elevation Models (DEMs) and

Hillshade datawhenavailable wasaccessed for select counties in Wisconsin.

4.3ANALYSIS

4.3.1 Floristic Quality Metrics

iKS

Results of timed meander surveys, i.e. a plant species inventory and percent areal cover estimates, were

entered into the WDNR dlistic Quality Calculator, 2017 veysi(WDNR 2017). Floristic quality metrics
were calculated based on the Coefficient of ConservatisivialGe) preassigned to each vascular plant
species in the flora (see Bernthal 2003), using the following formugaat{ial 2003; Milburn et al 2007;

DeBery 2015).

Native Species Richnesg) @®humber of native species in the assessment area
RelativeNonNative Cove= % absolute cover nenative species/ total cover by all species.
Mean C/) = Qoefficient ofconservatism &lue averaged across all spesy(native and
non-native)within a community Nonnative species are given av@lue of 0.

o B
ol=

whered = Gvalue forith species; N = species richness

Weighted Mean C (W is mean CA) calculated as the sunf the product of each species\Galue
and its proportional cover, i.e. mean C weighted by each species' retaties

0 # "6

whered = Gvalue forith species; N = species richna$ss relativecoverof specied


https://maps.sco.wisc.edu/WHAIFinder/#7/44.750/-89.750
http://relief.ersc.wisc.edu/wisconsinview/session3.php
http://relief.ersc.wisc.edu/wisconsinview/session3.php

Floristic Quality Index (F@)he Mean CA)of a plant community multiplied by the square root «
the total number of speciesvFQIluses Weighted Mean C in this calculation.

WFQI =w/ xW.

where N = species richness# =weightedmean Cvalue of all species in a community

4.3.2 Average Wetland Indicator Score:

Toexploreany trends in overall site wetness as indicated by plant community composition that might be
attributed to restoratian technigue, a wetness metric was calculated a&gsigning numerical values to

the wetland indicator status of each plant species present in the AA where @BEACW =1; FAC = 0;
FACU = +1; and UPL = +2.

4.3.3 Assessment Area Size

AAs were mapped usj ArcGIS after timetheander surveys were compésl using a combination of

the survey track gathered during the survey and aerial imagery to delineate the broad outline of the
plant community. Because timadeander surveys are normally stopped when newcigs run out
rather than when the community engsxtrapolation of a meander track to the community being
sampled is necessary and subject to interpretatibhis causes some variability between surveyors but
in general tends tainderestimate the true sie of communitiesespecially larger ones.

4.3.4Community Classification

Restored wetland AAs were assigned to a plant community based on the WDNR Natural Heritage

| 2YaASNDFGA2y Q& bl Gdz2NI f /2YYdzyAde /€ aaAuhiie®l GAZ2Y |
OhQ/ 2yy2Nl Hamy 0 @ grtizEsh4d weBsind candnfuditiesQincluding 4 rudgiial O 2

disturbed community types. The key is shown in Appendik 2 YYdzy A i& aaArAdayySyida F2
based on the composition of the plant community at tirae of the survey, and not the community

targeted for restoration since this was unknown or unspecified in many cases.

To explorehe effects of techniques on floristic quality, natural communities were also grouped
according to a more generic classifion: Prairie (Wemesic Prairie + Wet Prairiedtier-end Ruderal
Wet Meadows), Meadow (Southern Sedge Meadow + Northern Sedge Meadow +-amdt&uderal
Wet Meadows), Marsh (Emergent Marsh + Ruderal Marsh), Shrub (8anut Ruderal Shrub Swamp),
andForest(Blackspruce/Tamarack Swamp + Southemrtivood Swamp)

4.3.5 Wetland Condition Category Assignment

Restored wetland community AAs were assigned one of five condition categories (Excellent, Very Good,
Fair, Poor, and Very Poor) based on recommerakenchmarks of floristic quality calculated ilind et

al (2015) and Marti & Bernthal (2019). Condition categories were assigned based on Maehr &

weighted bypercent areal covefw#). In cases where no benchmarks had been developed for a
community/ecoregion combination, the closest availablenbkemarks geographically and ecologically

were substituted. Ruderal communities do not have their own benchmarks, instead the floristic quality




benchmarks for the most similar undisturbed communities were u€edition benchmarks used for
this study are lsown in AppendiB.

Results at the site level were calculated usaingeighted average approach, whete condition of

individual AAsvere weighted by their proportional sizeithin a site (MPCA 2014 ondition tiers for
individual AAs were given numiser(3 = Fair, 4 = Poor, etc.) and the area of each AA in hectares was
measured using ArcGIS as shown on individual site nssesAppendi). The proportional area of

each AAwas calculated by dividing the AA size by the total area of all assessed gatlatite site.

Condition scores for each AA were multiplied by the proportional size and added together for a total site
condition score. This was then rounded to the nearelSble number to give an overall site condition.

Table 5 shows overall site coridit scores for the 39 selected sites.

4.3.6 Additional Site Factors

Active Site Maintenancenformation about site maintenanceonducted after constructioof the

restorationwas obtained bynterviewingthe site manager. Managers were asked if there aag

ongoing maintenance to the plant community.g.invasive species control, burning, or mowing) and

GKSANI FyagSNaE NBO2NRSR | a &, Saéccuzrédloncdar aéw timésA y 4 Sy I
YR 6SNBy Qi 2y32Aiy 3 ZNINEHO BySINBO NBIORINR SRK § &LIIHE (@ b d

PreRestoration Drainage:

All restoration sitesncluded in this studpegan as historic wetlangdany pojects which created
wetlands from historic uplands were not includétwasassumedhat these historic wetlands were
drained or buried either fully or partially due to the presence of ditches, tile, row cropping, or
sedimentation.Each restoration sitevas categorized as eith&ully-drainedor partially-drained prior to
restoration activities using the following evidess

1. Wetland delineation reports of the site prior to restoration activities were the best source of
informationon wetland status prioto restoration Areas designatetl & dzLJt I YR 2 NJ & LINR 2 N
O2y@SNIISRe a$NRSOR{SHANR YV §ARead dalinedtdddzs VieBandroNd A Yy SR
preNB &G 2NF GA2y NB LR Nadalyd@iNg oOF 6§ SI2NAT SR & 6 LJ

2. When a wetland delineation prior to restation was not available, historical imagéeyg. B37-41
aerial imagery and Google Earth historical imape®s useda assess drainage conditiaré
prior to being restored the area was fallaw appeared to have natural vegetatierhen the rest
of the field was cropped irfnormally 3years of imagew/ere available)the area wasategorized
I & & LIRNI A.MBeRibe area was plowed in the majority of imagigsyas categorized as
¢fully drained. Cranberry farms were an exception in that cultivation was not assumed to indicate
drained conditions. When using aerial imagery alone to delineate wetland conditierswas a
risk of missing cultivation in wetland soils (farmed wetlandsjdfare it wasmore likely to have
underestimated rather than overestimated wetland conditions prior to restoration.



Soil Analysis

Laboratory Analysis

Soil samples @ were sento University of Wisconsioa | RA a2y Qa {2Af FyR C2NJ} 3S |
in Marshfield, Wlin November of 2017. Samples were analyzed for pH using a 1:2 soil to water

extraction; percent total phosphorus (TP) using a nitric/peroxide method; percentiargzatter (Y%oOM)

using the weight lossn-ignition (LOI 360 degrees) techuog Total nitrogen (Organic N + NH4N + NO3

N +NO2N), total carbon (TC) and total organic carbon (TOC) percent dry weight was determined using

dry combustion.

Comparison with data$s from natural wetlands:

Soil chemistnand floristic qualitymetricsfrom two natural wetlands datasets in Wisconsin were used
for comparison. The 2011 National Wetland Condition Assessment (NWCA) contains data from 29
wetlands selected using a prokilitic method from acrosthe nation NWCA 2011 data is freely
available orthe National Aquatic Resource Survey (NARS) website. The 2012 Wisconsin
Intensification Study, which includes data from 50 wetlands selected probabilistically from W{s€basi
Lake Michigan basin, was provided by Aaron Marti, WDNR.

Mineral vs Organ Soil Classification:

Soils were classified asneral ororganic using two methods: 4field soil profile descriptions and

laboratory measurement of total organic carbon (T@t)/ or total carbon (TC) from the top 10 cm of

soil. Using ifield texturingg a2 Af a8 RSAONAROSR Ia atSIidé aqaadzO1é 2 NJ
the soil profile were classified as organic soil. All other textures (loam, clay, mucky mineral) were

considered mineralAt least on sample was taken from each skéswith missng soil datausedresults

from an adjacent AA within the same site

Lab results for TOC or TC were used to classify soils as mineral or organic based on the following
guidelines(NRCS 2018Marti, 2016)

1 Soils with TOC byepcent dry weight data (only available for restored sites) of at least 18% were
classified as organic; amounts from-12% were considered organic only if the soil profile
describal the upper part as peat, muck, or mucky peat; TOC less than 12% wagedassif
mineral.

1 Soils with TC data (restored sites and all NWCA data) in amounts of 20% or greater were
classified as organic; amounts from-2@% were considered organic onlyhgtclay content was
known (NWCA 2011 data) or the field soil description axaslable and indicated organic soils
(restored sites and NWCA Intensification).

4.3.7 Statistics

FQAresults soil data, and site data were entered into the WDNR Wetland RegiorBQA database in

Microsoft Access (2007 version in 2016 fidemat). Data from exported spreadsheets was manipulated

in Microsoft Excel (2016 version) and imported into RStudio while runnivgmign 3.6.R Core Team

2019). Variation in floristicuglity metrics were analyzed to look for differences between geousing

2 St OKSHGIG: 'ylfedara 2F £ NAIFYyOS o6!bhx! 03X 2NJ CA&KS




comparisons of means was then applied to identify the source of differences mbenthan two
groups were involved.

Restoration Technique Comigans

T

Three pairs of contrasting standlone techniguesDitch Fill vs Ditch Plug; Tile Removal vs. Tile

Break, and Sediment Removal vs. Scrape. These analyses were limitedraticest that used only

a single technigue to restore hydrology.

Ditch Modifications vs Tile Modifications vs Scrapes vs SedinkRemoval Restored wetlands

were grouped according to their use of either a ditch modification (Ditch Fill or Ditch &[tig)

modification (Tile Removal or Tile Bread®dScrape or Sediment Removal.

Multiple techniques Wetlands restored using morédn one technique were grouped according to

GKS O2YLX SiSySaa 2F G(GKS KeRNRf23IAAN GYa2ARBASFR O { A ?
t I NOAFE€ INBdzZLI® ! f K2dZAK y2d GFNAHSGSR Fa LI NI 21
the Mixed Complete gnap. Mixedtechnique restorations that did not use either all complete or all

partial techniques were droppefiiom this analys.

Complete vs. Partial Hydrologic Restoration Techniqu&B restorationsites that used single
techniquesdesignedo fully restore hydrology (Ditch Fillile RemovalSediment Removabr

Multiple Complet§ s SNBE O2YO0AY SR (2 F2NMBAEKINRHAAY LY RI D20 D
all restorations thaused only partial hydrologi®storation techniquegDitch PlugTile Break

Scrape andMultiple Partial).

Other factors The same analyses were used to look for differences between maintenance groups,
pre-restoration drainage groups, soil types, community groups, and restoratianaagion.

Linear Mixed Effects Models

For thepreviously mentionednalyses, all individual wetlar®A datasetsvere treated as independent
despite many beinfrom the samesite, a violation othe assumption of random sampling. A method to
overcome thé problem inherent in hierarchical data sets was the use of linear mixed effects models
Linear mixed effects modgincorporatethe site of each AAs arandom effect, with estoration
technique, prerestoration drainage, maintenance, soil type, commuugitgup, and restoration
organization as fixed effect&nother benefit of using a linear regression model is the ability estimate
effect sizes of the variables we measured anthpare the strength of hydrologic restoration technique
with that of maintenane and initial conditionWe used thdinear mixedeffects model (Ime4; Bates et
al. 2015). Additionally, the Psych package (psych; Makowski 2018) was used to aide in atterpoét
Ime4 outputs.

Results of ATests and ANOVAs were used to determine wiiied effects should be included in initial
models. Only factors that were significant at the 0.05 level were included. For instance, Technique
(Complete vs Partial), Stdbrainage (Full or Partial), Maintenance (Yes or No), and Community Type
showed gjnificant differences im# when tested separately. These four factors were added to the
linear mixed effects model. Factors that showed an insignificarglpe (p>0.1)in the linear mixed
effects model were then removed, leaving only the strongest factors as part of the final model.
Interactions between the strongest factors were also tested and kept in the final model when
significant.



5 RESULTS

5.1 GENERARESULTS

5.11 Site SelectioAlVetland Restoration Techniques Represented

A total of 39 wetland restoration sitegith 73 AAs (Assessment Area®re selected and surveyed for
this study(Table 1)Study sites were distributed among 19 counties but were concentriaitéte
Southeast WI Till Plains and scarce in the Northern Lakes and Forests Eddtiggl)Sites were
selected irroughlyequal numbers frontompensatorymitigation projectsnon-profit groups and DNR
wildlife habitat restoration projects, with an aitional three Wetland Reserve Program restorations
selected.Two sites were included from lllinof&ane County) due to prior knowledge of these projects
and the need for more restorations that employed sediment removal and tile removal practices.

2016-2017 Restoration Techniques Survey
Site Locations by Ecoregion

Legend
@  sie Loceics [JIJIll Ceniral Com Bett Plains [ | Korih Central Hardwood Forests [0 Southeastem Wisconsin TH Piains
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Figure 1Locations of 39
wetland restoration sites
surveyed for this study
with Omernik Level IlI
Ecoregions shown.
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Table 1.List d restoration sites selected surveyed by organization type, years since restoration began, col
number of wetlandsassessed per site, and hydrologic restoration techniques employed.

Restoration Organizatior Restoration Age Communities Hydrologic Restoration

Restoration Site Name County

Type (yrs) Surveyed Technique(s)

Ashley Furniture Compensatory Mitigation 10 Trempealeau 2 Ditch Fill, Sediment Removal
Beaver Brook Compensatory Mitigation 7 Washburn 4 Ditch Fill, Dike Removal
Brooklyn W.A. Wildlife Habitat Restoratic 6 Green 1 Tile Break

Dane Co. Cherokee Marsh Compensatory Mitigation 11 Dane 2 Sediment Removal
Dane Co. Starkweather Creek Compensatory Mitigation 13 Dane 1 Sediment Removal
Drost WRP Wetland Reserve Program 5 Jefferson 1 Tile Break, Scrape
East Troy Sod WRP Wetland Reserve Program 4 Walworth 2 Tile Break, Scrape, Berm
Faville Grove Ledge Lowland Non-Profit 13 Jefferson 2 Ditch Fill

Faville Grove Snake Marsh Non-Profit 10 Jefferson 1 Scrape

Faville Grove Tillotson Prairie Non-Profit 17 Jefferson 1 Ditch Fill

Faville Grove Tillotson Floodplain Non-Profit 15 Jefferson 1 Ditch Fill

GHRA Spirit Enterprises Wildlife Habitat Restoratic 11 Fond du Lac 8 Scrape, Berm

GHRA Stoppleworth Wildlife Habitat Restoratic 7 Fond du Lac 1 Scrape, Berm

Goose Pond Hopkins Rd. Prairie Non-Profit 15 Columbia 1 Sediment Removal
Goose Pond Lapinski-Kitze Prairie Non-Profit 12 Columbia 1 Sediment Removal
Goose Pond Sue Ames Prairie Non-Profit 20 Columbia 1 Sediment Removal
Headwaters Compensatory Mitigation 11 Kane 1 Tile Removal
Heritage Crossing Compensatory Mitigation 8 Ozaukee 1 Tile Removal

Hickory Knolls- Carol's Wetland Non-Profit 22 Kane 2 Sediment Removal
Jackson Marsh Wildlife Area Wildlife Habitat Restoratic 9 Washington 1 Scrape, Berm

Kettle Moraine SF Mukwonago Unit Wildlife Habitat Restoratic 7 Walworth 1 Ditch Plug

Kettle Moraine SF Northern Unit Wildlife Habitat Restoratic 6 Sheboygan 1 Scrape

Knights Creek WisDOT Mitigation Compensatory Mitigation 15 Dunn 1 Ditch Plug, Tile Break
Lodi Marsh Mitigation Bank Compensatory Mitigation 18 Dane 3 Tile Break, Sedrinrzzrr’:dz:?mo"a" Stream
Loon Lake Wildlife Area North Wildlife Habitat Restoratic 4 Polk 3 Ditch Plug, Tile Break, Scrape
Loon Lake Wildlife Area South Wildlife Habitat Restoratic 5 Polk 1 Berm

Lost Creek WisDOT Mitigation Compensatory Mitigation 7 Portage 3 Ditch Fill, Tile Break, Scrape
McDonald WRP Wetland Reserve Program 10 lowa 3 Ditch Plug, Scrape
Mequon Nature Preserve Non-Profit 12 Ozaukee 2 Tile Break, Berm
Moses Creek WisDOT Mitigation Compensatory Mitigation 6 Portage 1 Scrape
Mueller/Shea Prairie Non-Profit 4 lowa 2 Sediment Removal, Tile Removal
Neptune WisDOT Mitigation Compensatory Mitigation 14 Richland 3 Ditch Plug, Tile Break, Scrape
Pecatonica 2006 Non-Profit 11 lowa 1 Sediment Removal, Scrape
Pecatonica 2008 Non-Profit 9 lowa 1 Sediment Removal
Pheasant Branch Conservancy Non-Profit 13 Dane 1 Ditch Fill
Summerton Bog SNA Non-Profit 12 Marquette 7 Ditch Hill, Ti;ﬁgzx’l"ﬁ" Sediment
Tom Lawin Wildlife Area Wildlife Habitat Restoratic 11 Chippewa 1 Ditch Plug

Upper Chippewa Mitigation Bank Compensatory Mitigation 11 Sawyer 1 Ditch Fill, Dike Removal
Walkerwin Mitigation Bank Compensatory Mitigation 20 Columbia 1 Ditch Fill, Ditch Plug, Berm

~
N

Total Surveyed Communities:




Of the pool of restorations availahlscrapes, berms, ditch plugs and tile breaks were the most common
techniques (Table 2)Ditch fill and sediment removal were less common and complete tile rena@sl
hardest to find Many restorations were rejectecebause they combined too many techniguer

included an impounding structure (dike, berm, or watentrol structure}a common technique not

targeted for this study.

Restoration sites that used only one technique were sought out but proved difficfitdoOf the B
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groups: those that used a combination of techniques associated with complete hydrological restoration
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compared techniques. In addition, three wetland surveys were disqualified for other reasons, one was
drainedsince restoration, one wasmulti-yearreplicate andone could not be categorized by
technique. The final number used in any analysis inngltéchnique was 68

Table 2 Restoration techniques sampled for this study, includingaregions using only a single
technigue and thoseombhing multiple techniquesd Yig the number of wetland\As surveyed per
target restoration technique selected for studyBitey” s the number ofestoration sites or projects
using the techniqueTotd site number is greater than the number of sites (B8fause some sites

contained multiple technique types.

Complete
Ditch Fill
Sediment Removas
TileRemoval
Partial
Ditch Plugs
Scrape
Tile Break
Multiple-Complete
Ditch Fill + Dike Remov
Ditch Fill + Sedkemoval
Ditch Fill + Tile Remov:
Multiple-Partial:
Tile Break + Scrap
Ditch Plug + TilBreak
Ditch Plug+ Tile Break + Scra

Other:
Total

10

73

50



5.1.2 Community Classification Results

A total of 11 different naturatommunity types were recognized among the restored wetlands assessed
for this study(Fig. 2;Table 3)Dominant plants were identified as the species with the higlaésblute

areal cover, whiclwhencombined, comprised at least 50% cover had a minimunof 20% coverThe

most common wetland community restored was Ruderal Wet Meadow2#) =This classification was
assigned to herbaceous plant assemblages that did not fit a description of either a Northern or Southern
Sedge Meadow, Wet or Wanesic Praie, or Emergent Marsh due to the absence of species
characteristic of these communrés. Most were dominated by reed canary grdasglaris arundinacea

but other common dominants were hybrid etil (Typha X glaugaor wool grasscirpus cyperiniis

Ruderal Wet Meadow I
Southern Sedge MeadovwillllllEEN
Ruderal Marsh I
Wet Prairic I
Ruderal Shrub Swam il
Wet-mesic Prairic I
Shrub-carr I
Black Spruce/ Tamarack Swanip
Southern Hardwood Swamll
Northern Sedge Meadowll
Emergent Marsh il

0 10 20 30

Figure 2 Percentage of assessment areas surveyed for this study by Wisconsin
Natural Community Classification. See Appendix A for Key to Wisc@retland
Communities.



Table 3.Natural community classifications of restored wetlands in this study with the dominant plant
F2dzy R Ay 0O2YYdzyAdASa 2F GKIFIG GeLIST ayé¢ Aa (K
the final column shows the community/eagion combinationsised to assign a condition category fror
WDNRs preliminary FQA condition benchmarks. When condition benchmarks were not available fo
particular community the closest community geographically or compositionally was substituted. ®n
Level 3 Ecoregi@mare shown as SETP (SE WI Till Plains); DRFT (Driftless Area); NCHF (North Cen
Hardwood Forests); and NLF (Northern Lakes and Forests).

Natural Community

- Dominant plant(s) in AA n  Available Preliminary Benchmarks
Assignment

Reed canary grasPlfalaris arundinacea
Hybrid cattail Typha x glauca
Timothy Phleum pratense Southern Sedge MeadoBETPDRFT
Wool grass&cirpusypeinus) NCHEy
SpikerushEleocharispp.)
Rudeal Wet Meadow Boneset Eupatorium perfoliatu 24
Marsh bluegrassRoa palustris
Sweet blacleyed SusarRudbeckia
subtomentosa
Hairy-fruit sedge Carex trichocarpg
Canada manna grasSlyceriacanadensip

Wet-Mesic PrairieSETP

Northern Sedge MeadowNLFE NCHIF

Tussock sedge€grex stricta
Souhern Sedge Meadow Bluejoint grass Calamagrostis canadenyis 13
Lake sedgeCarex lacustrjs

Southern Sedge MeadoWETPDRFT
NCHFF

Narrowleaved cattail Typhaangustifolig
Hybrid cattail Typha x glauca

R | Marsh ; i i
uderal Mars Rice cuigrass (eersia oryzoidgs

10 Emergent MarshAll Ecoregiong

SpikerushEleocharispp.)
Cordgrass3partina pectinata Wet-mesic PrairieRETP
. Wool grass$cirpus qgyerinug

Wet Prairie SneezeweedHelenium autumnale ! Southern Sedge MeadowWCHR
Hairyfruit sedge Carex trichocarpa DRFTSETPp

Ruderal Shrub Swamp Sandbar willow$alix interioy 6  Shrubcarr @All Ecoregionp
Meadow willow Galix petiolaris

Shrubcarr . $ 0 wikd@& (Salix bebbianp 4  Shrubcarr All Ecoregionp

Pussy willow$alix discolgr

Big bluestemAndropogon geradji
SwitchgrassRanicunmvirgatum)

Smakheaded rushJuncus brachycephalus
Sawtooth sunflower Helianthus gossesserratys

Wet-mesic Prairie 4  Wet-mesic PrairieSETP

Northern Sedge Meadow  Tussock sedge&@rex stricti 1 Northern Sedge MeadovNLFE NCHIr

Emergent Marsh Broadleaved cattail Typhalatifolia) 1  Emergent MarshAll Ecoregion}

Black spruceRicea mariana

Black Spruce Swamp Tamarackl(arix laricing

1 Black Sprce/Tamarack SwampNLH

Silver mapleAcer saccharinujn

Southern Hardwood Swamg River birchBetula nigra

1  Southern Hardwood Swam@ETP




5.1.3 Soil Sampling Resultineral vsOrganic soils.

In-field texturing ofthe top 10 cm of soil from 58Asfound the majority (63%) of samples to fall in the
fine-grained mineral category, comprised for the mpatt of silt loams and silty clay loams. The
remaining soils were roughly equally divided between organic and caueseed mineral (sandy) soils
(Table 4). Based on field texturing 20% of restored wetland AAs in the study had organic soils and the
remainng 80% were mineral or mucky mineral.

Table 4.Soil texture from irfield observations of 59 AAs.
Field Soil Texturétop 10 Count of Lumped Soill

cm) Texture
CoarseGrainedMineral 17%
Sand 2%
Sandy Loam 2%
Sandy Muck 14%
FineGrained Mineral 63%
Clay Loam 5%
Loam 8%
Mucky Mineral 10%
Sandy Clay Loam 3%
Silt Loam 19%
Silty Clay 2%
Silty clay loam 14%
Very Fine Sandy Loam 2%
Organic 20%
Muck 12%
Mucky Peat 3%
Peat 5%
Grand Total 100%

Soils classified as organic or mineral based on laboratory soil analysis of TOC using the standard
definitionsresulted in a split 018% organic soils and 82% mineral sdite higher numbers of mineral
soilsfrom laboratory aalysissuggest that iffield soil texturing may haveesulted in a mineral soil
mistakenly beingalled a organic soil ifiew casesComparing these results with natural wetlands
probabilistically selected from acrof®e nation, including Wisconsand¥ N2 Y 2 A3 02y aAy Q&
Michigan Basin shows a higher representataimineral soils in the restored wetland dataset than

either natural wetland dataset.

[k
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Figure3. Percentage of mineral
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80 +

Q datasets. Source of natural
S 60 - wetlands data: NWCA 2011 (29
2 sites across WI) anNWCA 201-1
IS 2012 Intensification (50 Sites in
& the Lake MI Basin of WI).
8 40 -
=

20 -

O L] L] . L}
Restored NWCA11l_LakeMl NWCA11-WI
Dataset

5.1.40rganic MattemndTotal Soil Carbon Results

Percent organic mattefOM)in sampled soils raged from 1.2% to 64.9% with a mean of 13.Z%al

soil carbon was significantly lower in restored wetlands than in natural wetlandsragalhs(Figure 4)
with the largestdisparity in the northern regio(d5% total carbon in natural wetland@s8% inrestored
wetlandg. Comparisons of natural and restored organic carbon within three community types show
differing patterns by community, with wet/wemesic prairie having thkeast disparity and shrubarr

the most (Figure 50rganic matter was also sificantly different between restorations starting on
fully-drained (mean OM =10.2%) and partially drained conditions (mean OM = 27.2%) (Figure 6)
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Figure4: Total Carbon in Restored
vs Natural Wetlands by Omernik
Level Il Ecoregioiata from
natural wetlands from NWCA 201
(29 sites)Mean percent total
carbonwassignifiantly lower in
restored wetlands in all
ecoregions. (pvalue = 0.01
(Southeastern Till Plains and Nort
Central Hardwood Forests), and
value = <0.001 (Northern Lakes
and Forests).
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Figure 6 Organic Matter content from 51 restored wetlds from this stdy by initial condition: Fuligrained or
Partiallydrained. The top three outliers among the Fdiyained group represent restorations from farmed
muck soils.



5.1.4 Overall Wetland Condition Results

Conditiorof Individual Assessment Areas

Of the 2 unique wetland AAs, 1419.4%Xid not have condition benchmarks either for that specific
community type or for that community type in that ecoregion. The following commuggesfrom this
study have no prelimingrcondition benchmarks currently:

1 Wet Praire (n = 9) has no condition benchmarks in Wisconsin. Southern Sedge Meadow-or Wet
mesic Prairie condition benchmarksm Southeastern Till Plains (SEWB)e substituted
instead, depending on species composition.

1 Wet-mesic Prairie restorations from the Bieéss Area and NCHF (n = 2) used SETRn&st
Prairie condition benchmarks.

1 Southern Hardwood Swamp (n = 1) does not have condition benchmarks in Driftless Area, SETP
ecoregion benchmarks were substituted.

1 Ruckral Wet Meadows in NCHF (n = 2) that conijpmsally resembled disturbed prairie rather
than Southern Sedge Meadow used Weesic Prairie condition benchmarks from SETP.

1 Submergent Marsh (n = 11) also currently have no condition benchmarks or sampliocopin
Wisconsin. These communities wareted but not surveyed.

Using weighted mean coefficient of conservatism scorgf (o compare with preliminary condition
benchmarkgAppendixB), 51% of wetlands fell within Tier 3¢ C | - bf ki 5-tier system, with another

32: FlLEfAYyIOAY SARBE®t D2NNBAG2NBER ¢gSiGflyRa TSttt Ay
GD22R¢ O2WRAUERY ZAY YRKS a+SNE t 2DNEIODRWERKGAZY OF 0
oFaikg or better condition and39% indPook or worse condition.

51%

32%

% OF AAS

10%
7%

0%

EXCELLENT GOOD FAIR POOR VERYPOOR
CONDITION CATEGORY

Figure7. Condition categories ofZfrestored wetland AAs surveyed aarpof
this studyusingbenchmarks fow#.



Conditon by organization type
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Figure 8 Condition result®f 39 restoration sites. Condition results from
sites where multiple AAs were surveyed were averaged based on AA siz
These results do not represent all the restored wetlands orsttes only
those associated with techniques of interest for this study.



5.2 HyYDROLOGRESTORATIGRECHNIQUEDMPARISONS

5.2.1 Comparisons between contrastiaghniqueqT-Tests)

Floristic quality metrics were significantly higher for complete hydrologic restoratiomigebs
compared to partial hydrologic restation techniques, although results were not significant for most
pairwise comparisons of specific techniques (T&hle

Tableb. Mean values + SE of variables by technique in AAs that used one of six techniques (t
rows) and restorations thaised multiple techniques separated into two groupsaues from F
tests are given as *** P <0.001; **P< 0.01; *P<0.05. Shaded boxes indicate significantly diffe
pairs.

Native

: . Non-Native Ave. Area
Technique N Species Mean C wC wFQI
; Rel Cover (Acres)
Richness
1))
_S Ditch Plug 6 40.7+6.04 28.3+6.24 3.6+0.14 3.3+£0.25 22.2+2.53 3.3+£0.93
S 8
g
g Ditch Fill 9 55.9+8.77 17.1+£5.05 3.9+021 3.8+£0.37 28.0+3.14 44+1.25
2
o Tile Break 5 42.0+750 25.4+14.13 3.4+0.12 3.2+0.65 23.4+4.93 3.3+0.40
o §
-
§ Tile Removal 4 61 +8.82 21.3+5.65 3.6+0.28 321054 27.2+5.12 3.8+151
2
g8 Scrape 16 32.7+4.64* 28.7+5.76 3.4+0.12 29+0.29 17.2 +1.99* 1.9+0.94
£ 8
35
§ Sediment Removal 10 55.4+8.36 21.4+57 3.6+0.23 3.6+£0.32 29.3+3.67 3.9+1.27
o &”:, Multiple- Partial 6 44.0 £5.74 31.8+854 3.3+0.18* 29+05 21.8+04.66 57+161
sg
ERs
= o Multiple -Complete 10 53.9+3.27 15.7+6.18 4.1+0.15 4.1+0.5 32.4+4.53 6.7 +1.93
All Partial 34 37.5+2.97** 28.8+3.83* 34+0.07* 3.0+0.19* 19.8+1.54* 3.0+ 0.60
All Complete 33 55.8 + 3.62 18.5+2.89 3.8+0.11 3.8+£0.21 29.6 £2.00 4.9+0.80

Ditch Fill vs Ditch Plug

Mean values of native species richnesg) (Nlean Cw#, and wFQI were higher, and nemative cover
lower, in wetlands restored using Ditch Fills in comparison to Ditch PAwgsage size of AAgslarger
in restorations using Ditch Fill (44L.25acres) than Ditch Plu@.3+ 0.93acres). Aveage wGnas 3.8+
0.37 for Ditch Fill and 380.25 for Ditch Plugdowever, ncsignificant differences in the means of any
floristic quality measures werdetected(Figure 8)



Tile Removal vs Tile Break

Tile Removal showed highereannative species richness, mean C, WBQd AA size, iaddition to
slightly lower nomnative covetthan Tile Breakddowever, sample sizes were limited for these grofips
= 4 and 5 respectivelydnd nostatisticallysignificant differences in any meassr@ere foundFigure 8)

Scrape an&ediment Removal

Sediment Removal restorations had higher floristic quality values for all méiwesnetricswere
different enough to pass statistical testd, andwFQI weréboth significantly higher in restoratiorthat
used sediment removal. Howeverosignificantdifferences were detected in nemative relative cover,
Mean Cor w#.

Multiple-Technique Comparisans

Multiple-Complete restorations had higher floristic quality scores than MuHRaetial restoratbns for
all metrics. One comparisowvas significantly higher: Meana@eraged4.1+ 0.15in Multiple-Complete
restorationsand 3.3 0.18in Multiple-Partialrestorations(Figure 8)

All Partial v\l Complete Comparison:

The group of all restorations using Complete techniques had higkan native species richness (55.8

+3.6 vs. 37.% 3.0); lower nonnative cover (18.5% 2.9 vs. 28.8 + 3.8); higher Mean C (3.8 £+ 0.1vs 3.4
0.1); higher wC (3.8@1 vs 3.4 + 0.2); highwFQI (29.6 + 2.0 vs 19.8 £ 1.5) and larger AA size (4.9 acres
+0.8 vs 3.0 + 0.6), than the Partial restoration technique group. All comparisons were significant except
AA size.

5.22 Comparisons across all single technique grAlN®©VA)

A comparien of mean valuem floristic quality metricacross all six teclique groups found significant
differencesin wFQland wetland indicator scoseScrapes had the lowestFQI(mean wFQI = 172
1.99)and sediment removal the higheshéanwFQI 229.3+ 3.67) Sediment Removal wetlantsad
significantlyd R NJ&vSragk wdand indicator status of plantgarticularly in comparison to Ditch Plug
and ScrapeechniquesNative species richnesli{ was marginally significant with a similar pattern as
wFQI p = 0.055)No differences were detected in other measures, Meaw#;,or size.

When MixedTechnique groups were added into the comparison, in addition to differeincesQl,
significant differences were found i, andMean C between Scrapesth the lowestand the Mixed
Complete group, with the highegFigire 8).
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the box is the median value, the whiskers represent the highest angsiovalues, with outliers

representd as dots.
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across all 6 single technique groups and across all 8 groegsimmarized in Tables 6 and
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the top and baétom of the box represent th&5% quantile and the 25% quantile respectively, the
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5.2.5 Complete vs Partial Hydrological Restoration

T-testsbetween all Complete Techniquas< 33) and all Partial Techniques=35) showedignificantly
higher floristic quéity as measured by /Nnonnative cover, mean @#, andwFQI(Figure9). Average
wetland indicator score was significantly higher (drierjhe Complete Techniques group.
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Figure9. Boxplots of floristiguality metrics by restoration technique group. The complete group includes ditch
tile removal, and sediment removal techniques and the partial group includes ditch plug, tile break, and scrap
Significant differences wer@tind in all comparison&ee Tables 5 and 7 for tabular data and the results of
significance testing.



Finalcondition results incomplete veartia technique goups

Whencondition categories were assigned basetb b wQa 2 St I y R @hnaikdférwad O v dzl f
scores (Appendix Blew differences were foundetween complete and partial hydrologic restoration
groups(Figure 10)However, omplete techniques reulted in more restored wetlands in thairé or

dgoock category (8%) than wetlands restored using partial techniques (6@%gurell).
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FigurelO. Percentage of restoredetland assessment areas (Afa)ingwithin each of fivevetland condition
tiers using preliminary benchmarks based on wC for two teclengjoups: those that used complete
hydrological restoration techniques and those that used partial techniques. No significant differences we
found in condition tier freque®& dz& A y 3 CA & K SaNtRwith sumerictiers for&ry feshniquéd ¢
comparisons.
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5.3 ADDITIONAEACTORS

Individual effects of maintenance, prestoration drainage, soil type, communigyoup, and
organization type on measures of floristic qualigried by treatment type andre detailedbelow
(Tables6 and 7 Appendix Ofor graphs.

Pre-restoration Drainage: (Fulrained or Partiallprained)

Significant differences were found betes restorations that were fullgrained vs. partially drained

before restoration began. Fullyrained wetlands had significantly higher npative cover (8.1 vs 13.6;

p <0.01); and significantly lowék(3.5 vs 4.1; p<0.01W# (3.1 vs 4.3; p<0.01andwFQI (22.6 vs 32.8;
p<0.01). No significant differences were found i \Wetland indicator scores, dry wetland condition

tier. However, 19% more AAsthe partialyR NI Ay SR OF § S32NE FSf fSeeAy GKS
Appendix Cfor boxplots offloristic quality variableand condition category resulfsr the two groups.

Active Maintenance (Yes or No):

Significant differences were found betweerettwo maintenance groups N, with mean Nof 36.1 in

the no maintenance group and mean &f 599 in the actively maintained group (p<0.001). Significant
differences were also found in nemative relative cover, (28.7% vs 17.4%; p <0W6§(3.1 vs 37; p

<0.05); and wFQI (19.6 vs 30.8; p<0.001). No differences were found in mean C or wetland condition
tiers between uAmaintained and maintained restorations.

Soil Type (Firgrained, Coarsgrained, or Organic)

Only one variable differedccording to sil type: an ANOVA was significant for differences in mean C (p
<0.001. Fingrained (silty or clayey) soils had the lowest mean C (C =3.4) compared to organic soils (C =
4.1). Mean C in sandy soils wasatween (C = 3.8).

General CommunitTypg(Meadow, Prairie, Marsh, Shrub, or Forest):

ANOVA found significant differences in(i <0.01); w (p <0.05), wFQI (p < 0.01). No differences were
found in in nonnative relative cover or wetland condition tiers. Tulgmsthoc testsfound differences
between Prairie, Marsh, and Shrub communities inwWth Prairie having the highest K68.3) and

Marsh the lowest (32.3verage native species richneSeeAppendix Cfor boxplots of floristic quality
results for the five groups.

Restoration Orgzization (NorProfit, Compensatory Mitigation, Wildlife Habitat, and Wetland Reserve
Program).

ANOVA found significant differences in(i < 0.001); mean C (p <0.05); ameQIl (p<0.01) between
organizatioral groups. Nonprofit restoratiors had the highdsmean N (58.4) and wildlife habitat
projects the lowest (31.1). Neprofit restorations also had the highest mean C scores (avg. wBik)
wetland reserve program restoratiommadthe lowest (3.2)wFQI was highest in compensatory
mitigation projectswith a mean of 28.0 and lowest in wildlife habitat projects (avigQl = 17.5). See
Appendix Cfor boxplots of floristic quality results for the four grou@ondition results were similar

ac

across organization type, with results ranging frome SN® GP2RIREGAY NBaAG2NI GA2ya

organizations. However, restorations from mitigation sites and-paniit groups had a greater

fA1StAK22R 2F AGCIFANKkD22RE NBAG2NI GA2AppenditB)F Yy SAGKS



Non-Native

Comparison N Native Spp Rel Cover Mean C wC wFQI Ave Wet Ind.
PartiallyDrained 14 552+53 19.7+491 39+0.17* 3.9+£0.34* 30.1+2.95*% -1.0+0.11
Fully Drained 54 449+2.8 26.2+279 35+£007 3.1%+015 225+1.38 -0.9£0.05
Maintained 34 592+33*** 182+365 3.7+0.10 3.6%£0.19* 30.1+1.87*** -0.8+0.07
Not Maintained 39 35.6+2.6 30.4+£358* 35+£0.10 3.0+x00.20 19.2+1.42 -1.0+0.07
Organic Soils 17 444+53 29.4+6.3 41+02A 35+044 24.6+3.66 -1.1 +£0.07
SandySoils 11 57.8x44 205+£552 3.9%£0.21A 35+048 28.7+4.25 -1.0+0.11
Silt/Clay Soils 45 47.0+£3.9 26.3+3.37 33%£0.07B 3.1+0.18 235%1.71 -0.8 +£0.07
Meadows 25 47.2+35AB 23.1%4.1 3.85+0.13 3.64+0.26 26.5%2.22 -1.2 +0.04B
Prairies 24 583+42A 23.1%33 3.45+0.10 3.23+0.20 27.1+2.12 -0.6 +0.05A
Marshes 11 323%=7.B 35.4 +8.5 3.39+0.16 2.85+0.49 17.2+3.44 -1.3 + 0.09B
Shrubs 10 35.6+3.6B 19.6 £4.5 3.40+0.16 2.80+0.11 17.7+0.89 -0.7 £ 0.09A
Forests 2 49.0+11AB 3.0x1.0 3.78+0.40 5.25+1.05 39.4+124 -1.0 £ 0.02AB
Wildlife Habitat 18 32.2+3.0B 31+5.34 34+010B 29+0.23 175+188B -1.1+0.07B
Compensatory Mitigation 22 50.9 +3.1A 189+4.12 3.6+0.12AB 3.6+0.26 28.0+2.31A -1.0+ 0.08AB
Non-Profit 24 584+49A 248+359 3.8+0.14A 34+024 27.6+233A -0.7+0.09A
Wetland Reserve Program 6 36.0+4.1B 26.3+9.48 3.15+£0.12B 2.9+0.49 18.6+ 3.14AB -1.0+0.07AB
*p <0.05 **p<0.01 *** n<0.001

Tale 6. Mean values +SE for floristic quality variables for the factors efgs®ration drainage, maintenance, soil type,
community group, and organization type. Ave Wet Ind. Corresponds+dOBL;1 = FACW, 0 = FAC, +1 = FAC.< 0.001;
* p < 005; ** p < 0.01. Comparisons with significant differences are shaded. Letters indicate significantly different groups fr

ANOVA testing.



Native Non- Wetland
Comparison Site species Native  Mean Ind. wC
n n richness Cover C wC  wFQI Score Condition

Ditch Plug vs Ditch Fill 10 | 15 N.S. N.S. N.S. | N.S.| N.S. N.S. N.S.

Tile Brk vs Tile Rem 8 9 N.S. N.S. N.S. | N.S.| N.S. N.S. N.S.

o |Scrape vs Sed Rem 16 | 27| 0.023 N.S. N.S. | N.S. | 0.024 | 0.001 N.S.
3 Multiple_Complete vs Multiple_detial 11 | 16 N.S. N.S. 0.007 | N.S.| N.S. N.S. N.S.
% All Single Techniques (6 Groups) 29 | 51| 0.055 N.S. N.S. | N.S. | 0.047 | 0.016 N.S.
2 | Single plus Multiple (8 Groups) 34 | 68| 0.034 N.S. 0.030 | N.S. | 0.022 | 0.005 N.S.
Ditch and Tile Only (Complete vartal) 18 | 29| 0.08 N.S. 0.06 | N.S.| N.S. N.S. N.S.
Ditch vs Tile vs Scrape Sed Rem 30 [ 52| 0.031 N.S. N.S. | N.S.| 0.024 | 0.002 N.S.
Tech: Complete vs Partial 34 | 68| 0.001 0.042 0.002 | 0.012| <0.001| 0.020 N.S.

| PreRest. Drainage: FulDr. vs Partially Dr.| 34 | 68 N.S. N.S. 0.005 | 0.005| 0.006 N.S. N.S.

E | Maintenance: Yes vs No 34 | 68 | <0.001 | 0.018 N.S. | 0.035| <0.001| 0.019 N.S.
S | Soil Tpe: (3 Groups) 34 | 68 N.S. N.S. <0.001| N.S.| N.S. N.S. N.S.
Community Group (5 Groups) 34 | 68| 0.002 N.S. 0.054 | 0.03 | 0.005 | <0.001 N.S.
Organtkation (4 Groups) 34 | 68| <.001 N.S. 0.023 | N.S. | 0.002 | 0.021 N.S.

Table7: Results of significance testing of floristic quality variables (native species richnesstiverrelativecover, mean @alue,
weighted mearCvalue, weighted floristic quality index (wFQI), mean wetland indicator score, and mean condition tier, betwee
groups using Welch'stests for two groups and ANOVA for three or more group€. Condition was tested &sth numerical (Good
= 2, Fair = 3tc.) and categorical data using Fisher's Exact test. N.S. indicates differences were insignificant (P > 0.10). Signi
differences are indicated with the-yalue of the difference in means-MRlue was bolded whesignificance was equal or less than

0.001.




5.4 LUNEARMMIXEEFFECTBIODELSIHE EFFECTSTEEHNIQUIPRERESTORATIORAINAGE

MAINTENANGBOILTYPEANDOOMMUNITY ON_ORISTIQUALITYARIABLES

Mixed effects models usirfive fixed effects explimed from 11.6% to 41.6% of the variation in floristic
guality variablesThe explained variance was highest for wFQI and Mean C and lowastfaative
relative cover. Technique completeness had only small and insignificant effeatbvariables ecept

Mean C where it had a significant, medigmed effect. See Appendix E for results of preliminary mixed
effects modelsThe effect of site, or assessment areas sharing the same site, explained frgraro%
native cover and w@p 292%(native speciesichness)pf the variance. Final models, with insignificant
effects removed and effect interactions included, are described below

Factors Influencing Native Species Richness

The strongest predictarof native species richnesgere active maintenance (8 £7.8, p < 0.01and
community type Compared to the default commugi{Meadow), Marsh communitywasnegatively
correlated with species richness with medium effect size {16.7, p<0.05); and Prairie had a small
positive effect B = 102, p < 0.1)ln thefinal model,active maintenance increasédh by a coefficient of
26.6 (B = 26.6; g 0.001 Table 10). Active maintenance was found to be significantly less effective in
shrub communities compared to meadow communities far (8 =25.4; p <0.05; Tabk®). Preliminary
linear mixed effects model results are shown in Appetix

Table8. Final mixeeeffects model summaries fdth, for the effects of active maintenance, and commwrgroup.
N.S. indicates the factor was nsignificant in preliminary testing and was not included in the model. 3 refers tc
the parameter estimate of the explanatory variable in the model, thaltie is the ratio of the estimate divided by
the standarderror. *** P< 0.001, ** P< 0.01, * P<0.05& P<0.1

Native Species Richness
3 Effect size t-value

<
n

Technique Completeness
Active Maintenance 26.6 LARGE 3.74  ***
IncompleteDrainage

Soil (Sandy)

Soil (Organic)

Community (Marsh) -16.7 MEDIUM -2.36 *
Community (Forest) -12.8 MEDIUM -1.24
Community (Shrub) 1.23 V.SMALL 0.18
Community (Prairie) 10.23 SMALL 1.79
Significant Interactions:

Act. Maint & Comm. (Shrh) -25.37 LARGE 232 ¢
Fixed Effects fSquared 41.8%

Random(Site)R-squared 26.3%

zzz
n 0 on




Factors influencing NeNative Cover

Prerestoration drainage had the strongest effect on Aaative cover, however even this was small and
statistically isignificant.No factors measured in this study appeared to have a significant effect on non
native relative cover in a mixed effect mod&he three factors selected for inclusion in the model based
on previous testing, technique, maintenance, and-pestoration drainage all had small and insignificant
effects and together explained only 11.6% of the variation in-mative cover in this ataset.

Table9. Final mixeeeffects model summariefor non-native coverfor the effects of technique, active
maintenance, and preestoration drainage. N.S. indicates the factor was not significant in prelmiesting
using FTests or ANOVA and waot included in the model. 3 refers to the parameter estimate of the
explanatory variable in the model, thevalue is the ratio of the estimate divided by the standard error. *** P
0.001, ** P< 0.01, * P<0.08nd P<0.1.

Non-native Cover

Size
-43 SMALL -0.08
-7.43 SMALL -1.38
-8.45 SMALL -1.37
Community (Forest) N.S.
Fixed Effects fSquared 11.6%

Random Effects (Site)-8guared 0.0%



Factors influencinmean C

In preliminary models, soil type had the largest effect on Medolldwed by pe-restoration drainage
and technigueHowever, wherthe model was pared dowand interactions were includegre-
restoration drainage hathe largesteffect (3= 0.67, p <0.05ndsecondarily thenteraction of
complete techniques on sandy soil (8 = 0.51, p = 0.1).

Table D. Final mixeekeffects model summaries fanean Cfor the effects of technique, preestoration
drainage, and soil type. N.S. indicates the factor was not significant impraty testing and was not included
in the model. 3 refers tthe parameter estimate of the explanatory variable in the model, thaltie is the ratio
of the estimate divided by the standard error. *** P< 0.001, ** P< 0.01, * P<0.05,R«i1, The fixteffects
explained (44.9%) of the variation in Mean C, momntlany other floristic quality variable.

Mean C

_ R Effect size t-value
017  SALL 104
NS,

067 LARGE 236  *
0.11  V.SMALL 0.49
035 MEDIUM 154
NS

NS,

NS,

NS

 Sionificant Interactions: |

Tech & Sandy Saoill 0.51 LARGE 1.67
Fixed Effects FSquared 44.9%

Random Rsquared 10.5%



Factors influencing weightedean C\W/'A:

Prerestoration drainage and communitype were found to be significant factors influencingt in
preliminary modés. Whenthe model was pared down aridteractions were included, only pre
restoration drainagépartially-drained condition) remaied as a large and significant positive effect (3 =
1.5; p<0.01ps well as #arge negativeeffect from shrub communities on restorations starting from
partially-drained conditions.

Table 1. Final mixeeeffects model summaries fav’Afor the effects ofcompletetechnique, active
maintenance, pregestoration drainage, soil type, and community group. N.S. indicates the factor was ni
signifcant in preliminary testing usingTests or ANOVA and was not included in the mdgiedfers to the
parameter estimate of the explanatory vabile in the model, the-value is the ratio of the estimate divided
by the standard error. *** P< 0.001, ** P<@l, * P<0.05, and ®<0.1,

d
Technique Compieteness |3
Active Maintenance IS
I 149 LARGE  3i4 =
SolGandy) S
SoiOwganc) |0
IO M 043 | SMALL " [0
TGN 104 LARGE 092
G M 033 SMALL | -0.69
GO 012 V. SMALL  0.34
Sianificant Interactions: |

IncompleteDrainage & Comm. -1.67 LARGE -1.7
(Shrub)
Fixed Effects fSquared 27.5%

Random Rsquared 0.0%

Effect t-value
size




Factors influencing weighted F@FQI):

The strongest effects owFQI were due to community typéoth marsh and shrub communities had
lower wFQI scores compared to meadows. Active maintenance had a mexfiangth positive effect
onwFQI scores (B = 7.1; p <0.05) andnasoration drainage had a small and marginaljyngicant

effect onwFQI score(l3 = 5.6; p <0.1). No interactions between factors were found to have significant
effects onwFQI.

Table 2. Final mixeeeffects model summaries favFQI for the effects of technique, active maintenance pre
restoration drainage, soil type, and community group. N.S. indicates the factor was not significant in prelim
testing using ATests or ANOVA and was not included in the model. *** P< 0.00R<*0.01, * P<0.05, and
aaP<0.1, B refers to the parameter estimate of the explanatory variable in the modetvtiad is the ratio of
the estimate divided by the standaggror.

WFQI

Slze
3.57 SMALL 1.25
7.05 MEDIUM 237  *
5.56 SMALL 1.79
0.78 V.SMALL 0.27
721  MEDIUM -2.04 *
-8.04 MEDIUM 240 *
Community (Forest) 481 SMALL 0.74

Fixed Efécts RSquared 41.6%
Random Effects (Site)-8yuared 8.2%



6 DISCUSSION

Overall wetland condition in restorations

This study is one of the first application?ofh & O2 Yy &4 A Y -develp@distagéviide bahchmarks for

wetland condition base on floristic quality. These results, with restored wetlands falling within a range

2F O2yRAGAZ2YA FTNRY Aa@OSNE LR2NE (2 ao3d2aerstudesy R Yy S N
which found lower oveall condition and a narrower range. Forteusce, a recent study of randomly

selected restorations in the Glacial Habitat Restoration Area (GHRA) in southeastern Wisconsin found all
NEali2NBR 6SGf | yRESNE2 L2 NEY ORLJPRANEA 22/NJoK OKdzt GT wHAamd
Minnesota mitiga2 y o0 y1a o{GUNB2ye& Hnmdpd F2dzyR nmx> 2F NBadl:
G2 06S Ay atuging bhhditidhdbghEhmnarks @it four tiers (Exceptional, Good, Faor).

The population of restorations in this study were not intended aspaa®gentative sample of wetland
restorations, instead, selection of sites was based on the use of specific techniques of interest. It is likely
that site selection methods biasade sampling toward the higher end of the spectrum of wetland

condition in retorations for two reasons. First, common technigues such as berms, impoundments, and
water control structures were avoided because these techniques are already discouragepllayars

of compensatory mitigation projects due to potential letegm structural failure, and a preference for
vegetated rather than opewater wetlands (WDNR 2013). Additionally, their presence on a site was
thought likely to interfere with detecting tferences among the techniques of interest. Assuming these
techniques are in fat associated with low floristic quality, avoiding them would raise the average quality
of wetlands in the study. Second, site selection relied on vadnchouth recommendationgn many

cases, which may have consciously or unconsciously biased the sefegfionT I @2 NJ 2 F Y2 NB G ac
floristically notable restorations.

Overall, the scope of the sampling of restored wetlands was broad and captured a wider range of
outcomes han other similar studies. Restorations selected for this study varied in ggdnoorphic

type and came from all four major Omernik level Il ecoregions as well as crossing the state line into
lllinois. Wetlands also came from different agencies, each itgitbwn restoration goals, from the a half
acre creation of waterfowl habiteb a hundredacre restoration of presettlement plant communities.

¢KS FTAYRAY3I GKIFIG y2 NBaild2NI G0A2ya NBadzZ 6SR Ay |y a
this study having a broad scope from an abaverage population of restorationspnfirms the value

YR ANNBLI | OSFoAatAlGe 2F Ga9EOQOSttSyié O2yRAGAZ2Y VYI
restored wetlands in the highest condition tier{s)supported by the study of mitigation banks in

Minnesota and the GHRA and walso a result of a previous DNR study of wetland restorations in SE

Wisconsin (Wilcox 2009) using benchmarks for unweightechd FQI.

{SPSyYy NB&{E2NIGA2ya Ay aD22Ré O2yRAGAZ2YY

¢KS NBadzZ G 2F wmmg: 2F NBadG2NF GA 2 yoais NghinOdmpayisen v | dzNJ
with other studies. The seven wetland restorations in this study that metwhel G I Y RIF NR 2 F a 322
their community type were restored using differetechniques; some had a maintained plant

community and others did not, see began on fully drained soils and some on partially drained soils,




and they were of different soil types. The following are some of the circumstances that stood out about
these restorations:

1. Minimally-drained soils with no plowing history and fullyestored hydrology

0 Two sites, one from Summerton Bog SNA and one from Beaver Brook mitigation site, a former
cranberry farm, were still recognizable as sedge meadows before ditchesfiled and dikes
or subsurface drainage were removed. Historical images before restoration show that the
sedge meadow at Summerton Bog was mowed and possibly grazed prior to restoration but not
plowed. And at Beaver Brook, cranberry cultivation tptdce around the remnant sedge
meadow but not within it. This area may r@have been drained, though its hydrology was
impacted by the adjacent system of dikes and ditches. These wetlands had organic peat or
mucky peat soils.

2. Calcareous soils or grogmvater combined with surface modification
U Two scrapes inthe GHRAfellilK S a322Ré¢ O2yRAGA2Yy OIF GS3A2NE F2N
were dominated by common spikerudBléocharis palustfisvith a Gvalue of 6, on alkaline silty
clay loam soil. The caleous substrate is the likely explanation of the dominance of
conservativespecies on these scrapes. However, other scrapes on the same site with similar
soils were dominated by hybrid c#dil, reed canary grass, or sandbar willow. It is unclear what
combination of factors led to these areas escaping invasion and these twpescveere some of
the youngest restorations in the study at only 4 years old.

U Another example was from Campton Hills, lllinois, where sediment removal in a springy area
created areas of limited plant growth due to the combination of calcareous groundwater
removal of topsoilThe lowestareas ¢ver-excavatedaccording to site managersgsulted in a
southern sedge meadow with calcareous fen elemghtsvever thisareg  a 2yt é Ay a¥Fl A
condition compared to southern sedge meadow benchmarks. The suiogidrier areas were
dominated by weimesic prairie species but had enough conservative elements to put it in the
GA22RE O2yRAUGAZ2Y (ASNID dinfed anda cordtinugus lov @&y 2 F NB Y 2
calcareous groundwater both effectively reduce nutti@vels, favoring more conservative
species.

3. Communityclassificationaffected condition tier assignment
U ! NBaAaG2NIGA2Y Ay | F2NX¥SNI ONF yoSNNE o6SR faz2 N
however, this was not a remnant sedge meadow and itnditleasily fall into the natural
community definition. Dominants wer@lyceria canadens#nd Scirpus cypénus,not typical
sedge meadow dominantand many bog species were present in low abundance. The high
condition rating could be interpreted as a ntigtegorization of a disturbed open bog or black
spruce/tamarack swamp. Had it been categorized as onkexfd acidic communities it would
KFEdS FlLEtSy Ay aFFANE 2NE Y2NB fA1Sftes daLlR2NE



U A southern hardwood swamp restoration in a groundwétd valley in the Driftless region
combined good conditions for floristic quality with benchmarks foommunity that tends to
have loweraveragew#. Again, this could be interpreted as a ro&egorization of community.
Had trees not been plantedvtould be a sedge meadow in fair condition and if it had been
categorized as a northern hardwos@amp whichtend to be groundwater fed, the result also
would have beerifaireé condition. However, this was also a very widkigned and managed
site. The corhination of groundwater dominance, filling ditches, diverting surface water inputs
to a settling basipand siccessful tree establishment were also key factors.

Ly aK2NI>X FOKASGAYy3I | NBalw2NrdAz2zy Ay adix@éfic O2Yy RA
practices that could be repeated on other sites but tended to be associated with unique sitestty

combined with a favorable community classification, or sites that had an uninterrupted history of

saturated soils with minimal plowing. Titeeis little evidence from this study that natural wetlands in
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Restorations with the poorest condition outcome spanned organization type, technigli¢ysmi and
initial conditions with little in common except for dominance by invasive species: reed caaasy gr
(Phalaris arundinacé@an four of the six sites, and namative cattail (Typha angustifolipon one site.
Weighted mean C ranged from 0.2 td 2Relative nomative cover ranged from 42% to 96% on these
sites.

The exception was a shrudarr from a femer cranberry farm in the Northern Lakes and Forests
ecoregion which was dominated by native but fairly generalist species. This community wiaatdoim
o0& . S0 0 Balix Eebbiapdnd sarddbar willowg interior), with aw# of 3.2 and only 12% retisie
non-native cover, demonstrating that the bar is quite a bit higher in the northern region where overall
wetland quality is higher than in ¢hsouthern ecoregions.

Only two sites in this category were undergoing active maintenance, and these happebede two
shrub-dominated wetlands. This suggests that the active maintenance taking place at these sites was
not directed at the shrub layer.

Gt 22NE O2YRAGAZ2Y NBadzZ day
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native shrub species sandbaillow (Salix interioy. Weighted# ranged from 1.1 in dyphaXglauca

dominated scrape in the Southeasterill Plains to 6.3 in a restored black spruce/tamarack swamp in

the Northern Lakes and Forests ecoregion. Relativerradive cover ranged from% to 79% in this

category.

The difference between aninvasi®2 YA Yl 6§ SR ¢SOt I YR GKHKI NEOSHBSHBI t ¢
rating can lie in the presence of just a handful more conservative species at 1% cover. Because the

lowest cover value givein 2 I ALISOASA Aa m> ONF GKSNheanddry nodm> 2N




protocol, trace species detected in thergey will have a slightly exaggerated impact on mean Gagind
scores, especially noticeable when the dominants haveval@ of 0.

OnesiB Ay (KS a4t 22 Migheshw @@ i M@ stubylrR= 6I3KThis was alack

spruce/tamarack swamp restoration from a cranberry production anghe Northern Lakes and

Forests ecoregion which clearly had the highest dominance byeowats/e species in the study.

However, compared to natural black spruce/tamarack swampgit® YS& GKS GLR22NE o06Sy
suggests that practitioners restoring communities with many conservative species that may take longer

to establish, like blackpsuce swamp or open bog, may find it difficult to achieve the same condition

tiers in the sara time frame as other communities. Since benchmarks were set for communities that

were defined based on a minimum cover of trees or shrubs, it might be advisabtetherbaceous

community benchmarks for forested wetlands until they achieve the cutddfrofnimum of 50% tree

cover in addition to the target community benchmarks.

GCFEANE O2yRAGAZ2Y NBadzZ Gay
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the condition tier with the widest range of all@llew# values (see statevide benchmarks in Appendix

B), with values from this study ranging from 2.4 in a sandbar wilBakx interioy -dominated shrub

swanp on a seepage slope, to 4.9 in a tussock se@geei stricta-dominated sediment removal

project in the Central Corn Belt Plains. Relative cover ofrradive species ranged from 2% to 40%.

Most of the restorations that fell in this category were dontedby native species, with only 9% listing

a nonnative as the species with the highest cover.

GCIFANE FLIISIFNAR FOKASGIrotS F2NJ I adzmaidl yiAalt LINELR
southern sedge meadow, northern sedge meadow, skraity, and southern hardwood swamp. This

result has implications for setting vegetation performancengids for mitigation and as a guidepost
for voluntary restorations.

Complete techniques resulted in higher floristic quality
In this study the use of completechniques was associated with the following measured benefits over
the use of partial hydroldg restoration techniques:

More speciegich plant communities (Ave..N 56.0 vs 38.3)

More conservative plant species (Ave. wC = 3.8 vs 3.0)

Reduced relativeaver by nornative species (18.7% vs 27.8%)

a2NB 'l a T ff Aycdndifiof catedo§ (64%€0vs 34bbk D2 2 R €

More soil organic matter (18% OM vs 11.2%) and frequency of organic soils (28% vs 12%)

® o o T

However, it is likely that several combined, correlatacdtdrs rather than just technique alone led to the
higher floristic quality sces.

1. Restorations that used complete techniques were more likely to attempt restoration of highly
conservative or specigsch communities. In this study, this includes blagkuse/tamarack swamp,
northern sedge meadow, wethesic prairie, and southern hdwood swamp. These restorations had
the effect of raising average species richness and average conservatism in the complete techniques



group. This contrasted with restoratiotizat had a goal of open water and emergent marsh, which
tend to be less divers€See Appendix D for a comparison of communities in scrapes vs sediment
removal restorations as an example).

2. Restorations that used complete techniques also were more ltkedgtively maintain the plant
community postrestoration (69% vs 21%). Thisatated again to the initial goals of the projects.
When the goal is a diverse wetland plant community rather than open water, projects are more
likely to be prepared to inveshore in the maintenance of healthy plant communities. In this study,
active mantenance was associated with greater species richness, reducedative cover, and
higher wC and wFQl.

3. The size of the restored assessment areas was slightly larger (nzean4i9 acres vs 3.0 acres) in
restorations using complete techniques whictiksly to have impacted both native species richness
and wFQI results. Scrapes in particular, stood out as having smaller average wetland community
size. This is an expectedstdt since complete techniques should have a larger area of impact. Our
methodsof determining the size of assessment areas surveyed using{inezthder needs to
become more standardized before this can be verified, however.

Technique completeness by itGavhen the effects of maintenance, initial conditions, and community
are isolaed, only had a small and insignificant effect on aative cover, wFQI, angél Only in
association with sandy soils was technique found to have a large effect though allgrgignificant. If
meaningful, this suggests that techniqgue completeness mayanatore in lownutrient environments,
and perhaps that eutrophication is having an ovieing effect on the plants in wetland restorations.
However, more data points are aded to draw any firm conclusions.

Native species richness, noative cover#, andwFQIl were all found to be more strongly affected by
factors other than technique except for narative cover which had no significant explanatory variable
in this datast.

At least two other studies also found few differences among different restmrdaechniques: Schulet

al. (2019) found no differences in condition in a comparison of scrapes, scrapes plus ditch modification,
or scrapes plus water control structur€his study was also restricted to a smaller geographic area and
included a narrowerange of techniques. Also, a medaalysis of 628 restored or created wetlands

found no differences in biotic assemblage trajectory or biogeochemical functioning befloeere-
establishment techniques and surface modification techniques to restoreclogly (MoreneMateoset

al. 2015). This study was not looking at the completeness of hydrological restoration but nevertheless
found little difference in the trajectory akestorations between two broad categories of technique.



Condition outcomes wereightly better with the use of complete techniques but no significant
differences were found:

Floristic quality is a valuable function of wetlands taken on its own, howewadition is intended to
measure overall ecological integrity, at least to the extidnat vascular plants intersect ecological
health. Condition is essentially relative floristic quality, or floristic quality relative to the highest and
lowest values fond in each community type.

In this study few differences were found in conditiortammes between complete and incomplete

technique groups: 2 4 K 3INRdzLJA KIFR 2dziO02YSa NIy3aAy3a FNBY G327
most common condition result. Haver, dividing the results between the top tiers and the bottom tiers
foundthatresi 2 N GA2ya Ay (GKS O2YLX SGS 3INRdzLI 6SNB Y2NB f;
than the partial techniques group (54%). Possible reasons for the lack of siffergnces in condition

scores include:

1. Insufficient sample sizes given the consatde number of variables affecting wetland
restoration outcomes. Furthermore, assigning a condition category reduces a continuous range
of scores into only five categoriesaking differences difficult to detect unless effect sizes or
sample sizes are lagg

2. Assigning condition tiers eliminates the differences in floristic quality between communities: a
restoration of a black spruce swamp or open bog with abundant conseevsppecies is given
the same value as the restoration of an emergent marsh whishféa. This may explain in
large part the discrepancy between the perceived view and the condition results of this study.
Restorations that used complete techniques hadhesr goal the restoration of communities
with more conservative species than thabat used incomplete techniques; however, the
relative condition of these communities was similar. (See Appendix D for comparison of
community types in scrapes versus sedithremoval as an example). In addition, some highly
conservative communities mayKka longer to achieve higher conditions scores than common
types such as emergent marsh and wet meadow.

3. Condition scores are intended to measure ecological health. Fornektldingering alterations
due to past laneuse may be a common, oveading factorimpacting the plant community in
restorations of all types. There is evidence for this in the data from this study, with initial
conditions having the strongest effect indar mixed models on both Mean C and wC.
(discussed further below). Eutrophicatiamay be acting as a similar overriding common stressor
to wetland restorations of all types, at least in southern WI. This was not measured in this study,
but evidence of @vated phosphorus associated with lower Mean C has been demonstrated in
Wisconsin wands by Marti & Bernthal (2019).

Initial conditions had the strongest effect on floristic quality in the study

This study found that preestoration drainage, i.e. whier soils were fully or partialgirained prior to
restoration, had the strongest fdct of any other variable measured ¢grandw#, the metrics used as
the basis of condition assessmehrt.other words, restorations that met the definition of a wetthn




before restoration began, were able to host more conservative species after hydreésysestored
than those that were fulhdrained.

We expect that fullydrained wetlands were subjected to a mafojd increase in disturbance factors
compared to theipartially-drained neighbors. The greater degree of drainage itself being only the
beginning of years of tillage, fertilizing, and harvesting that the unsuccesdfallyed areas were
spared most years. Although this factor is measured as either fullréapdrainage, a continuum
probably exists with both soil and hydrologic altepatincreasing with the extent to which soils were
successfully drained.

The finding that preestoration disturbance has a larger effect than restoration technique was also
found in a metaanalysis of 628 restored wetlands in which wetlands with an agmi@llhistory had
reduced biogeochemical functioning compared to those impacted by mining or hydrological alteration
alone, but few differences were found that were attribbta to technique (Morenéviateoset al. 2015).

Active maintenanceresulted in higher floristic quality and native species richness

Active maintenance had a large and significant positive effeet26.6, p < 0.001) on native species

richness in the lingamixed effects model. It also had a medismed effect® = 7.1, p< 0.05) orwFQI.
Interestingly, it was not found to have a significant effect on-native species cover. A possible

explanation is that not all nenative species are targets for mainemce, for instance, nenative or

hybrid cattails or aggressivarsd-bar willow may be considered acceptable in some projects and
maintenance efforts primarily target species such as reed canary grass. This explanation is supported by
the linear mixed effets model, which found that maintenance had the biggest impaaneadow

communities and the least effect on shrub communities in improving species richness.

Restored wetlands in this study had significantly less soil organic matter than natural wetlands.
Many studies have documented lower soil organic matter in rest@nd/or created wetlands in
comparison with natural wetlands includiljshetMachunget al. (1996)and Canpbellet al.(2002) in
PennsylvaniaStoltet al(2000)in Virginia; and Bruland Richardson (2005, 2006) in North Carolina.
Explanations for théow organic matter in restorations given in these studies are 1) decomposition of
organic matter after drainage and laage (Bruland 2006); 2) removal of the orgamniat top layer due

to excavation during the restoration process (Bruland 2006); andc3gased export of organic

materials by drainage systems that create surface water connections to streams and other wetlands
where none existed previously (Zilverbertal. 2018).

A fourth factor may be siteselection bias towards driegnd wetlands thabccurs when starting wetland
restorations on lands in former agricultural production. Fditgined farmland is likely to have existed

on areas of the landscape that were easiest to drainthedefore drier to begin with and less likely to
have hosted theonsistently saturated conditions required for organic matter accumulation. In addition,
because drieend wetlands are less flood prone they are also likely to have experienced more fears o
tillage than wetter areas of the landscape which would contetio more loss of organic matter and

soil structure than the adjacent wetter areas on the landscape.

In this study, restorations starting in partiatiiyained soils had on average 17.5% morganic matter
than those begun on fulldrained soils probablgiue to all of the factors previously mentioned: Fully



drained wetlands are likely to have had 1) less organic matter to begin with, and 2) a greater rate of loss
due increased frequency ofgwing and harvest of organic materials. Yet former farm fieddsisto be
the most common start point for restoration in Wisconsin.

For compensatory mitigation projects wetland acreage gain is the goal (rather than function or
condition) and this can biaste selection towards finding large areas of successfully eldaiarmland
that can be rewetted. Under current compensatory mitigation guidelines (WDNR 2013) restorations
that result in the conversion of newetland to wetland are given the highest ciedvormally one credit
for each acre restored, while restoratidrom partially-drained wetlands are given less. But scrapes,
which are not often associated with mitigation projects were also much more likely to have been
created on fullydrained minerakoils, indicating that acreage gain is not the only reason f@bihs
toward fully-drained agricultural areas as the start point for restoration.

Another factor contributing to low organic matter is simply the long time it takes to accumulate again
afterits loss. The wetlands in this study ranged in age from 4 eafs since restoration but there was
no sign that organic matter content was higher in the older restorations. Several studies have also found
no change in OM in restoration soils over timben looking at restorations less than 8 years(@ushel
Machurg et al. 1996;Shaffer 1999). However, a study of permaneiiiyndatedTyphamarshes in New
York, with some restored more than 50 years ago, showed an increase in OM after 35 years although
levels remained less than 50% of that found in natural wetlanes after 55 years (Ballantine 2009).
Recovery of lost organic matter in restored wetlands is thought to to take decades or centuries,
depending on the degree of loss (Ballantine & Schnet@88). And a metanalysis of seven studies

that measured OM inastored wetlands found that average levels were 62% of reference lev&8 20
years after restoration (MoreniMateos et al. 2012).

Low organic matter on restoration sites may indicate lowdnehemical functioning:

Organic matter (OM) content significapiimpacts other soil properties (Biskdachung 1996) and
functions such as denitrification, contaminant removal capacity, and carbon sequestration (Mitsch &
Gosselink 2012; Ballantine & Sefaer 2009). Low OM is also associated with higher bulk deifsiber
cation exchange capacity (CEC); and lower water holding capacityet2bR000, Mitsch & Gosselink
2012).

OM also serves as a substrate for microbes, which mediate many of ttiecidcal processes that we
value in wetlands (Mitch & GosselinR12). For instance,gpraskaset al. (1995) suggested that a
minimum organic content of 3% is required for the formation of iron depletions by microbes. In this
study 15.7% of sampled soilachorganic content less than 3%.

If organic matter content is ewidered a proxy for biogeochemical functioning, this suggests that many
restored wetlands are providing services (e.g. denitrification, sequestration, and contaminant removal)
at lower leves$ than natural wetlands. One researcher estimated that biogeodatedrfunction remained
lower in restored wetlands even 100 years after restoration due to lower carbon storage (Moreno
Mateoset al. 2012).



Cranberry farm restorations had hagtioristic quality outcomegbut not higher condition results)

Although only wo cranberry farm restorations were surveyed, these wetlands had considerably higher

floristic quality resultgin #, w#, andwFQI) tharother restorations. Both cranberry restorations

coYo AYSR (KS (SOKyAldzSa 2F FAffAy3ad RAGOKSA |yYyR NBY
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guality: theybegan on relatively wdrained, unplowed soils, thplant communities were actively

maintained, and the techniques used to restore them had the potential to completely restore hydrology

by backfilling ditches and removing the dikes formerly used to cohivater levels. They were also all

found in the Nothern Lakes and Forests ecoregion where water quality tends to be higher due to

overall reduced agricultural impacts.

However, in terms of wetland condition, open bog and black spruce/tamarack swampatasts, even
beginning on cranberry farms, arefsti  dzy'f A1 St & (2 | OKAS@®S S@GSy | a¥Fl A
levels of protection of natural examples of these highly conservative communities.

Scrapes had the lowest floristic quality averages

Scrapes, or restorations that combined scrapes Wil breaks or ditch plugs, had the lowest average

floristic quality scores for all variables measured. This was particularly apparent and statistically

significant in native species richness avieQl. INif SNYy'a 2F FTAYlIf O2yRAGA2Yy 2dzi O
aaa20AF0SR gA0GK aON)}LISa Ay (GKAA addzRe 6SNB Ay GLR?2
any other technique except for tile breaks which had similar condition results.

The results from thistudy suggest that both lack of pesstoration mantenance and small AA size are
related to the lower native species richness avieéQl found in scrapeScrapes had low maintenance
rates, withonly 7%beingactively maintainedScrapes also had the snest average AA size of any
technique (1.9t .94 aces). Species richness generally tends to increase with area and the small size of
communities associated with scrapes may have been a factor in the low scores. Scrapes might be
expected to impact smalleraas overall than other techniques, but another trvuting factor is that

the area they impacted tended to create multiple communities: an ep@rter area surrounded by a

marsh or meadow, and a shridarr where sandar willow had invaded.

Other possit# reasons for the lower floristic quality outcomassociated with scrapes include:

1. Thesaoil disturbanceassociated with excavatiareated conditions favorable to invasive cat
tail and sandbar willow. Botbspecies are early colonizers of disturbed areas.

2. Ditch and tile systems may still be functioningdfapes are the only technique used to
restore drained farmland.

3. Scrapes that intercept and collect surface water, especially in a eutrophic landscape, will
favor invasives more than those that inter¢dpe groundwater table, which tends to have
less witrient-rich water.

Scrapes appear to meet the need for deeper water where the hydrology of the landscape does not
naturally support it, judging by the low organic matter content of the soils from these sites in general.
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Interestingly, of the scrapes ihis study, onlytwoh R | & FF ANE 2dzi O02YS |y
the only scrapes excavated in organic soils.
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and were dominated by spikeruskleotaris palustriz Whie unique soil chemistry may explain these

particular outcomes, such results are also a reminder that scrapes can share many of the benefits of
sediment removal: removal of the disturbed, nutriemth upper layers of the soil can redetter soil

conditions for native plants underneath.

Open water/submergent marsh areas have no condition results but appear to be fairly comparable to
natural shallow lakes.

Scrapes created a significant area of open water, or submergent mamsmuniiesin 27% of

restoraions, more than any other techniquBueto alack of developed protocols and condition
benchmarksthis study was unable to include the submergent marsh communities encounteesallts

from another study that did survey submergenarsh plants in scrapefound high raw floristic quality

scores (Schultz 2019). However, aquatic plants tend to be biased toward higher C values than the rest of
the flora on average (Paul Skawinski, pers. comm.) Benchmarks for condition are neededédteziabl

use in condibn assessments.

Informal observations of the aquatic plant species found in restored submergent marshes match species
F2dzyR Ay |y LFljdzZ A0 YIONRLKe&{dS O2YYdzyAaide OFffSR a
lakes across Wiscoms{Poinsattest al.2018). Common species in this community @eratophyllum
demersum(coontail),Potamogeton pusilluéslender pondwee}] Elodea canadens{sommon

waterweed, andLemna minoflesser duckweed). This community is found in haeder lakeswith high
nutrient availability across Wisconsin, especially in the southern half, and the only community found in
impoundments or reservoirs. This community had lower floristic quality scaemeasured by FQI,

than the other four communities (Floatidgaf glade, Isoetid meadow, Mixed Characid, and Moss
dominated). Despite showing signs of belonging to a community with lower floristic quality than some
other macrophyte communities, there i@ sign that submergent marshes in scrapes were invaded by
non-natives or were of significantly lower quality than natural communities.

Restoration objectives explain much of the variation in outcomes

Both compensatory mitigation and neprofit restorations resulted in better floristic quality outcomes

than WetlandReserve Program (WRP) and wildlife habitat restorations in this study (Appendix B). Non
profit restorations showed the highest average species richnes# amall groups but restorations

from mitigation banks were not significantly lower. WRP restoragiappeared similar to wildlife habitat
restorations in most measures but our sample size was low for this group so our results may not be fully
representative of these restorations.

Compensatoy mitigation sites had the lowest mean relative noative over of all groups, as might be

expected given the requirements to meet performance standards that exist for this group and therefore

higher investment in maintenance. Compensatory mitigatio§ it I f 82 NBadzZ §SR Ay Y2 N
condition wetlandghan other groups, though few statistically significant differences in condition tiers

were found between groups.



Overall the differences in floristic quality across this study are best exglandifferences in

objectives, with norprofit and compensairy mitigation putting more emphasis on restoring wetland

plant communities than wildlife habitat restorations which are mainly focused on creating areas of open
water and perhaps not investing anuch in the surrounding wetland areas. Compensatory mitigat

policy in Wisconsin actively discourages the creation of ponds andwp#sr habitats as compensation

and the results here suggest that this policy has raised the floristic quality oféiséarations.

& t ledpérience with compensatory mitigatipnojects in Wisconsin and elsewhere in the United States
has shown that creation of small ponds with a ring of emergent vegetation has had a poor track record
in terms of species diversity, nuisa species invasions, and water quality problems. The sseapfes

has also been problematic in Wisconsin; when scrapes are dug too deep, they often result in creation of
an unvegetated pondTypically, an area that is found to hold water yeaund ard is not vegetated will

not be givencredio 2 5bw HAMoU ®¢

However, nonprofit and compensatory sites may be avoiding the restoration of wedtat plant
communities, judging from the significantly drier oxadrwetland indicator scores measured on these
sites. Restorations with the objective of creating deepetevar standing water communities are
disadvantaged because such communities are by nature less diverse thagritiertlands, more

prone to invasive species, and are not well suited to thiohisally drier areas (i.e. wetlands converted

to agriculture that are most commonly available for restoration. However, deeper water areas are
valuable communities to restore due to their many valuable biogeochemical functions such as carbon
sequestratia, filtration, nutrient transformation, and flood storage aagty. We hope that in the future
methods can be developed that allow for restoration of these valuable wetlands in ways that do not
compromise floristic quality.

Caveatf this study

1) The trackoff of having a dataset that is broad in scope is that ¥&nyvariables were controlled,
and the number of replicates was low for any given set of factors. This makes hypothesis testing,
which was one of the motivations for this study, difficult. It wi#f§icult to find wetland restoration
sites that used a sitg technique, and the use of multiple techniques in a wide array of
combinations were frequent. For instance, although the study targeted only six techniques, we
found 12 different combinationsfaechniques (Table 2) with few replicates. Sample sizedor
modifications were particularly low and as a result, little can be said about the consequences of
breaking rather than completely removing subsurface drain tile lines.

2) The study did not makany direct measurement of the completeness of hydrologistration,
relying instead on the assumed potential of technique categories.

3) The study did not identify the set goals or expectations of any given restoration effort. Specifically,
not all wethnd restoration efforts have a primary goal of achieving fligfstic quality.

4) We did not measure factors currently impacting hydrology at each site which may have differed
significantly between sites.




5) Several factors that may be important to wetlandteration outcomes were not measured in this
study:

a) The effets of eutrophication: Excess nutrients were probably a significant factor impacting the
success of restorations in this study. Total nitrogen and total phosphorus were measured but
results are nbshown because we have not yet found a reliable method stirdjuish excess
nutrients from nutrients bound up with organic matter. Future work will use the data collected
from this study to do further exploration.

b) The effects of site grading, which waemmon and would be expected to have an impact on soill
compadion, and thus could potentially negatively impact floristic quality.

¢) Variation in plant introduction techniques (e.g., seeding, planting plugs, or letting the seed bank
come in naturally) coulgotentially affect later floristic quality.

SUMMARY OF AINNGS
1. Site history may be the most important factor determining final condition outcome.
Incompletely drained areas with reduced disturbance history provide thedbesice of
restoringwetlands that host conservative specswetlands with high organimatter from the
stat. t KSNBE Aa fAGGES SOARSYOS UGKFO NBadG2Nl GA2y 27
are consistently achievable from sites with severe soil and hydrological alterations.

2. Maintenance in the form of invasive species contral@or prescribed burninghad a strong
and significant effect on species richness and wRlgetative maintenance was most often
reported by restorations completed by ngorofit groups and as part of mitigation banks but
was uncommon in wildlife habitat @iWetland Reserve Prograrestorations.

3. Complete restoration techniques maximglt aA 0SQa FE2NARAGAO ljdzZ €t Ade& |
Higher floristic quality outcome®specially the presence of more conservative plant species as
measured by Mean @Qyere achievedusing completdechniques such as:

a. backfilling or disabling drainage structures (ditches and tile);

b. removing accumulated sediment when present; and

c. avoiding use of impounding structures and/or removing existing impoundment
structures.

4. & Cl A Nifon i©#hydRievable gal for wetland restorations that have a starting condition
of full-drainage at least for southern sedge meadow, wehesic prairie, emergent marsh, and
southern hardwood swamp restorationst D2 2 R¢ O2YRAGA2Y Yrta@ 0SS LJ2aaA
acidic or calcareas conditions or when starting with a wetland with intact saturated soils.
However, there was no evidence from this study that open bog or black spruce swamp could
F OKASOS Y2NB GKIyYy F &Ll 2NE ObrgbRsanditiangof 4 A SNE S$9S
cranberry farm.



5. Restored wetlands from this study have significantly reduced organic matter in their soils in
comparison to natural wetlandsThis may have implications on the potential of these wetlands
to perform many biogeocheroal functions such adtfiation, water retention, and nutrient

sequestration.



7 GCONCLUSIONS

This study measured floristic quality and wetland condition on wetlands restored using different
hydrologic restoration techniques from a broad range of prgemtross Wisconsin. Catidn outcomes

N} Y3ISR FNRBY a+SNEB t22NE (2 daD22R£X GAUGK aCIl ANE
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wFQI were higher in projecthat used complete hydrologic restoration techniques. There were multiple
factors contributing to higher levels of floristic quality in restorations that used complete techniques,
including higher maintenance rates, richer sgscassemblages, driend target plant communities, and
larger community sizes. Active maintenance had the highest effect on native species richness and wFQI
while prerestoration drainage conditionsere found to be the strongest factor affectiigandw#.

Results from soil testinfpund significantly reduced amounts of soil carbon storage in restored wetlands
compared to natural wetland&hich has implications on biogeochemical functionirege&ing

restoration sites with low disturbance history, liging techniques that remove tyological alterations

as completely as possible, and active maintenance of plant commuaitieave the potential to
improveconditionand floristic quality results in wetland restorations.
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APPENDIA:WISCONSIDNRNATURAGCOMMUNITKEY

WisconsinDepartment of Natural Resources
Natural Hertage Conservation

Key toWetland NaturalCommunities

Introduction

This key is designed for use with naturammunities with minimal anthropogenic disturbance, although ruderal
communities based in part on the U.S. National Vegetation Classificatiebeaw included for completeness.
Semidisturbed natural sites as well as sites undergoing ecological reginratay fall somewhere between a

weedy, ruderal type and a leadisturbed natural community and may be difficult to classify. If utilizing tysik

the field, avoid transition areas and keep in mind that sites change over time through successiostarhdce.

For example, tree or shrub encroachment or disturbances such as catastrophic fire, pest and disease outbreaks,
windthrow, or beaver floding may leave a site in an intermediate state as it recovers from disturbance or
transitions from one commuity type to another. As with any key, users are encouraged to choose the statement
in the couplet that best fits the community observed in thédijeeven if it does not match all aspects of the
description.

This key is not intended to be used alone &iditively classify natural communitie®nce you have worked a
through the key, you are encouraged to read the additional descriptions providede
available online at > 1 Se@s2NR ayl GdzNI £ O2YYdzyA

the community webpages are included in the key below. For each natural comntywetyonline information
includesa general overview, photos, associated rare plants and animalghamiint-ready 2 to 4page detailed
description featuring the distributin, abundance, environmental setting, ecological processes, community
composition and structure, and conservationdamanagement consideratiorexcepted fromChapter 7 of the

(dnr.wi.gov, keyword "ecological landscapes")

la. Wetland dominated by nomative vegetationasociated native species indicative of disturbafieeleral communities)
2a. Wetlands with at least 25% cover of trees or shrubs (ruderakted and shrub wetlands).

3a. Forested with at least 25% canopy of trees, usually dominated bynative tree wilows [e.g., crack willowSalixX
fragilis), etc.] or weedy nativesuch adoxelder. Shrub layer strongly dominated by nuative speciesuch ason-
native bush honeysucklekdgniceraspp.), common buckthorrRhamnus cathartiga glossy buckthorrHfangua
alnug, andmultiflora rose Rosa multiflorg herbaceous layer also udlyadominated by nomativessuch aseed
canary grasdihalaris arundinaceagarlic mustardAlliaria petiolatg, creeping Charlig€glechoma hederacea)
dame's rocketiflesperis ratronalig, andmoneywort Lysimachia nummularjaGeneralist native tree sgies may be
co-dominant in the canopy, especially green ash or red maple...................... Ruderal Flooded and Swamp Forest

3b. Dominatedby nonnative shrubg<25% tree cover) such as noative tush honeysuckles, common buckthorn, or
glossy buckthorn, sometimes-cmminaed by aggressive native shrubs such as dogwoBdsnusspp.), sandbar
willow (Salix interio), etc. Ground layer typically strongly dominated by reed canary grass, or occysiiamall
ground where Shrubs are VEry deNSE.........ccuviiiiiiiiiiieeiecie e Ruderal Shrub Swamp


https://dnr.wi.gov/topic/EndangeredResources/Communities.asp
https://dnr.wi.gov/topic/EndangeredResources/Communities.asp
https://dnr.wi.gov/
https://dnr.wi.gov/topic/landscapes/Book.html

2b. Wetlandswith trees and tall shrubs (>5 feet tall) less than 25% cover (ruderal marshes and meadows).

4a. Dominated by nomative reeds and cagils such as common reeBlfragmites austré ssp.australig, invasive or
hybrid cattail species (e.@ypha angustiftia, T.Xglaucg, or reed manna gras&(yceria maximpa Nonnative forbs
may also be dominant, such as purple loosesttifgl{rum salicarifi...............c.ccovvveiiiiniiiiinee el Ruderal Marsh

4b. Dominated by nomative grasses such as reed canary griabaléris arundinacgaand redtop Agrostis giganteg or
by weedy native forbs such as giant ragweAdhbrosia trifidg, stinging nettle Urtica dioicg, Canada goldenrod
(Solidago canadengisblunt spikerush Ekocharis obtusp etC..........ccceeeevviiiiieii e Ruderal Wet Meadow

1b. Wetland dominated byative vegetation (Wisconsin Natural Heritage Inventory natural communities).

5a. Very small (usually one acre or less) kettle depressions in forested landscapes on moraines or intexiduase with
standing water in spring, usually drying by late SUBRIML..............coeeiiiiiiiiieiee e ee e

5b. Larger wetlands, or if small, occurring in a variety of otardscapes and hydrologic setting combinations.

6a. Forested or tH shrubdominated wetland. Mature trees contributing greater than 25% overall canopy cover or tall
shrubs (> 5 feet) contributing more than 50% canopy cover.

7a. FORESTED WETLABRD®Irated by nature trees contributing greater than 25% overall canopyes.

8a. Community occurring adjacent to Great Lakes shorelines on alternating series of narrow, sandy, upland ridges
and low swales. Ridges may be open or skiaminated closest to thehoreline, and further from the shore are
forested with pines, oak white spruce, balsam fir, and paper birch. Swales may contain open water, sedge
meadow, alder, or be forested with black ash, tamarack, or northern wdstéar...

8b. Community occurring adjacent to Great Lakes shorelines or not, but landforms and topography otherwise.
9a. Conifers common to dominant througtiaanopy layer.

10a.Canopy strongly dominated by northern whitedar or white pine. Tamarack and black spruce may be
present but are minor canopy components and are not dominant across large areas.

11a.Canopydominated by white pine, subcanopy domindtby red maple. Groundlayer often dominated by
cinnamon fern Qsmumla cinnamomeg bristly dewberry Rubus hispidysand long sedgeCarex
folliculata). Located mainly in Central Sand Plains ecological landscape on an ancient glacial lakebed. Soils
usualy acidsands with ahin layer of organic material..........................\/

11b.Canopy dominated by northern whigedar, sometimes cdominant with black ash, balsam fir,
tamarack, or black spruce. Groundlayer often contagdges (such aSarex dispermandC. trisperma
and forbs such as fringed polygaRo(ygala pauciflorp nalked miterwort Mitella nudg), twinflower
(Linnaea borealjs creepirg snowberry Gaultheria hispidulp and Sphagnum and other mosses. Located
mainly in northern (occasionally in southeastern) Wisconsin in areas with mmtiahed groundwater,
often on autwash plains and ground moraines. Soils usually minerotrophlieaat where in contact with
OFOUNTWALET ...ttt nnneee e

10b. Canopy strongly dominated by black spruce or tamar&adar and white pine abnt to sparse.

12a.Located mainlgouth of Wisconsin's climatic tension zom®»minated by tamarack, may be-co
dominated by American elm, black ash, red maple, or yellow Hieleck spruce absent to sparse. Poison
sumac often common in tall shrub lay&oils usually minerotrophic............

12b.Located maint north of Wisconsirs climatic tension zone or in the Central Sand Plainkgical
LandscapeCanopy dominated by black spruce or tamarack; most associates above (American elm, red
maple, yellow birch) absent or sparse, though black ash may be pré&@@stn sumac absent to sparse.
Soils usually strongly acid to weakly minergina. [Formerly, all northern coniferous wetlands
dominated by tamarack or black spruce were termed Northern Wet Forest. While this type is retained to
crosswalk legacy data, tias been effectively retired and is now split into the following communjties.


https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CLEPH390WI
https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CCCOM102WI
https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CPFOR037WI
https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CPFOR036WI
https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CPFOR042WI

13a.Canopy dominated by black spruce ordmminant with tamarack. Tall shrub layer (> 5 feet) usually
sparse (< 5% total cover, usually much less). Sphagnum moss abuntEmfpohing a nearly
continuous carpet. Soils typically strongly acid.............cccccovivierniiiecniieeennnn B

13b.Canopy dominated by tamarack, black ash sometimedorninant. Tall shrub common(> 5% total
cover, usually much greater) dominatey $pecies such as speckled ald@n(s incang mountain
holly (lex mucronaty winterberry (lex verticillatg, black chokeberryAronia melanocarpg and bog
birch Betula pumila). Sphagnum moss occasional on hummocks, usually discontinuous. Soils
moderately acid to weakly minerotrophiC...........cccccooiiienieeniiinllL

9h. Conifersabsent, or, if present, less dominant than hardwoods (may be localipoonant in hardwood
swamps).

14a.Occurring in floodplains of 3rd order or greater streams and rivers. Dominant overstory species include
silver maple, green ash, black willow, catéeood, river birch, basswood, swamp white oak, bur oak,
bitternut hickory, anchackberry (boxelder may be dominant in disturbed stands). Where organic soil
accumulates in areas such as groundwater seepages, backswamps, and meander scars, tree species may
include black ash, yellow birch, red maple, and conifers (tamarack, northete-eddar, white pine, and
hemlock), especially in northern WisCONSIN............cocovvieeiiiiee i)

14b. Occurring along headwater streams (1st and 2nd ordexspss and on poorly drained glacial outwash,
lakeplain, and/or depressions in moraines or-g@mtact topography.

15a. Occurring along seepage areas with active spring discharges in hardwood forests, usually at the head of
ravines or at the base of steepulffs. Foundprimarily in Driftless Area coulees, end moranend clay
FAVINES ...ttt ettt ettt bttt a bt e e eh e s h e e bkt e e e bbb e et et enn e

15b. Occurring along headwater streams, basins in ositwadains, lakeplains, or depressions in moraines and
ice-contact topography.

16a.Canopy dominated by black agiten with red maple, yellow birch, or American elm. Conifers such as
balsam fir and northern whiteedar may be locally common. Green ash aitver maple usually
uncommon. Specked alder common. Groundlayer often dominated by species typical of saturated
swamps such as marsh marigo@g(tha palustriy swamp raspberrnyRubus pubescepsrange
jewelweed (mpatiens capensjspurplestemmed ater (Symphyotrichunpuniceun), lake sedgeGarex
lacustrig, bluejoint grass Calamagrostis canadenkisnany als include groundwatetoving species
like bristlestalked sedgeGarex leptalep American golden saxifrag€lfrysosplenium americanym
and svamp saxifrageMicranthes pensylvanigaSoils are mucks or mucky sands, usually constantly
saturated with a reltively stable water table. Occung along lakes, streams, or poorly drained basins.

16b.Canopy dominated by silver maple, red maple (or the hyhdedrX freemani), and green ash.
Associate species may include swamp white oak, bur oak, basswood, and Americamdeinay be
dominant in stands impacted by emerald ash borer. Black ash mageber but is usually not
dominant. Speckled alder uncommon or absent. Groundlayer often dominated by species typical of
floodplain forests such as Virginia wilge Elymus vinicug, white grassl{eersia virginice common
wood-reed Cinna arundinaceawood nettle Laportea canadensisfalse nettle Boehmeria
cylindricg, and Ontario asterSymphyotrichum ontarionisSoils are predominantly mineral rather
than muck, witha water table that fluctuates seasonally (wet in the spring, drying below tthe so
surface by late summer). Oating in insular basinsrolow-lying portions of till plains and on
lakeplains. Not restricted to southern Wisconsin; the name rather refessvEamps more commonly
found inthe southern MIidWeSL...........cccooiiiiiiiiiee e


https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CPFOR047WI
https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CPFOR046WI
https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CPFOR024WI
https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CPFOR025WI
https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CPFOR039WI
https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CPFOR022WI

7b. SHRUBDOMINATED WETLANDS. Mature trees contributing 25% or lessat camopy cover. Tall shrubs (> 5
feet) dominant, contributing greatehan 50% overall canopy cover.

17a.0Occurring in southeastern Wisconsin. Tamarack common, forming aogemicanopy (may be locally greater
than 25% cover, but usually not over entivetland). Poison sumac usually common, along with ericaceous
shrubs (eg., leatherleaf, bog rosemary, and bog laurel). Soils watery muck to firm peat, usually minerotrophic.

17b. Occurring elsewhere, or, ifsoutheastern Wisconsin, tamarack absent or sparse. Shrubs and soils various.

18a.Shrub layer dominated by speckled alder, with alder contributing to half or more of the shrub cemay
relative to all other shrubs combined. Occurring mainlgantraland northern Wisconsin, rare in southern
Wisconsin and Driftless Region. Soils acidic to minerotraphic............c..ccoccvvieiieeiiiiien A

18b.Shrub layer dominated by a greater diversity of shrubs, often at least 4 or 5 species thatdaaicant.
Alder usually present, emecommon, but contributes less than half of the relative shrub cover. Gitvermon
shrub species may include wille\{Balixspp.), dogwood (Cornusspp.), meadowsweetSpiraea alby bog
birch Betula pumily, nannyberry Yiburnum lentagd winterberry (lex verticillatg, poison sumac
(Toxicodendron vernixetc. Occurring statewde. Soils acidic to minerotrophic...........ccccovcvienl S

6b. OPEN (NORORESTED) WEMNDS. Mature trees absent or contributing 25% or less overall canopy Galleshrubs
(> 5 feet) contributing to 50% or less canopy cover.

19a. Standing water greater than 6 inches deep usually presegrowing seasofmost marshes).

20a.Vegetation dominated by submergent or floatieaved aquatic vegetation. Emergent veagidn (1.53 feet
above surface of water) sparseth the exception oAmerican lotudily (Nelumbo luteq.

21a. Vegetation dominated by neaontinuous (>50%) cover ofoted floating leaved vegetatior.€., not
counting freefloating duckweeds) or Amean lotuslily (Nelumbo luted.

22a. Vegetation dominated by American lodilg. Occurring along margins of large rivers, especially the
MississippiLower Wolf and Winebago Pool lakes............ccccvviiiiiennininennn 4

22b.Vegetation dominated by other species, usually with large round leaves such as whitdilyaiéyrmphaea
variegatd), bulthead pondlily (Nuphar variegaty or watershield Brasenia schaber). Other aquatic
macrophytes with long, narrofloatingleaves may also be presesiuch adongleaf pondweed
(Potamogeton nodos)sand floatingleaf burreed Spaganium fluctuank Occurring in lakes, ponds, or
occasionally margins of FVELS.........c.ueeiiiiiiiiiiiiii e

21b. Vegetation dominated by submergent aqustiRooted, floating leaved aquatic macrophytes (i.e., not
counting freefloating duckwees) less than 50% cover.

23a.Vegetation dominated by rosett®orming aquatic macrophytes such as sexayled pipewort (Eriocaulon
aquaticun), yellowhedgehyssop Gratiola aured, aquatic lobelial{obelia dortmanny dwarf watermilfoil
(Myriophyllum tenellum), brownfruited rush Juncus pelocarpyisand quillworts Isoetesspp). Occurring in
clear, deep, circumneutral lakes with extremely seéter in northern Wisconsin. Bottom materials usually
sand or 0CCASIONAIY GraVeL.........ccuviiiiiiiiiiiiee e e

23b.Vegetation dominated by a wide variety oframon aquatic macrophytes, including pondweeds
(Potamogetorspp.), waterweed (Elodeaspp.), coots-tails (Cerabphyllumspp.), slender naiad\N@jas
flexilig, eetgrass Vallisneria americanawatermilfoils (Myriophyllumspp.) and bladderwost(Utricularia
spp.). Occurring in a wide variety of lake types and wettemistries. Bottom materials usually muck ot sil
but may also include sand and gravel...........ccoueieiiiee i

20b. Vegetation dominated by emergent vegetation, usuallyc13%feet above the surface ohe water by midto
late summer


https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CPSHR053WI
https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CPSHR052WI
https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CPSHR050WI
https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CPHER054WI
https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CPHER055WI
https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CPHER059WI
https://dnr.wi.gov/topic/EndangeredResources/Communities.asp?mode=detail&Code=CPHER058WI

24a.0ccurring along the margins of sahdttomed seepage lakes and ponds on glacial lakebeds (especiallgl Glaci
Lake Wisconsin) and outwash plains in south central Wisconsin. Vegetation exhibiting strong zonation with
sadges Carexspp.) and bulrushScirpuspp.) dominant in the emergent zone, aquatic macrophytes (e.g.,
water-shield, etc.), in deeper water, awdth mediumstatured grasses, sedges, and forbs disjunct from the
Atlantic Coastal Plain in shallow water artdrgy the shore, especiallyimbristylis Fuirenag Lipocarpha
RhynchosporgScleria brownHruited rush guncus pelocarplismilkworts PolygalacruciataandP. sanguinen
tooth-cup Rotala ramosior, meadowbeauty Rhexia virginica lance leaved violetViola lanceolat® and
yellowreyed grassXyris tOrtg........coouuueiereeeriiiiiieee e e (high water phase)

24b.Occurring in a wide variety of hydrologic setsrigcluding inland lakes, Great Lakes, and along rivers
Vegdation dominated by catail, wild rice, bulrushes, or other species, not strongly zonal, lacking Coastal
Plain disjuncts.

21a.Vegetation dominated by northern wild ricgigania palustrijsor sauthern wild rice Zizania aquatica........

21b. Vegetation dominated by species such agait (Typha latifolig, giant reed Phragmites australisvar.
americang, bulrushes$choenoplectuspp.), river bulrushBolboschoenus fluviati)islake sedgeQarex
lacustrig, burreeds (Sparganiunspp.), waterplantains (Alismaspp.), common spikeush Eleocharis
palustrig andoccasionally cugrass [(eersia oryzoidgswild rice mg also present locally but is not
dominant across large areas. Noative cattail (Typha angustifoliaT.Xglaucg and giant reedRhragmites
australisvar. australig may be occasional to locally common; if domityglease see Ruderal Marsh
(018 o] =] A T USSP PRPPPPPN =

19b. Standing water absent or less than 6 inches deep throughout community in growing skasgh,water may be
deeper in local pols (peatlands, fens, wetland prairies, sedge meadows, and coastal plain marsh, in part).

26a.Community structure characterized by a repeated, alternating pattern of low peat rises (strings) and hollows
(flarks) especially evident on aerial photoString may support scattered and stunted black spruce, tamarack,
northern white-cedar, low shrubs including bog birch, shrubby cinquefoil, bog roserAadrgmeda
glaucophyllg, leatherleaf Chamaedaphne calyculgteandsedges Carex oligospermaC. limosa, C. lasiocarpa
The alternating flarks are often inundated and may support many sedges of bogs and fens, along with ericads,
sundews Droseraspp.), orchids, arrovgrassesTriglochinspp.), and calciphilic shrubs suafibog birch and
shrubbycinquefoil Dasiphora fruticosp Soils are deep peat and slightly acid to circumneutral. Extremely rare in
Wisconsin, known from only a handful of SiteS...........ccccoviiiiiiiei e

26b. Community structure lacks repeating pattern of low peat rises and alternating hollows.

27a. Ground layer dominated by a continuous carpet of sphagnum mosses, or sphagnum mosses locally dominant
on scatered low peat mounds.

28a.Tree canopy cover typically 10 to 25%, consisting of scattered and stunted black spruce and tamarack.
Occurring in central and northern Wisconsin. Soils strongly acidic deep.peat.............c....c......

28b. Trees absent or occurring in localized areas with overall canopy cover typically less than 10%.

29a. Vegetation surface uneven and dominated by pronounced hummocks (often 2 feet omnheight)
with intervening hollows; hummocks dominated by ericaceous shrubs such as leatherleaf, bog rosemary,
Labrador tea, and bog lauréd@imia polifolid. Soil very strongly acidic, deep fibric peat. Occurring
primarily in central and northern Wisceim, usually in the centesf large peatland basins or occasionally
on firm peat above a lake margin, always where the rooting zone is elevated above the influence of

29b. Vegetation surface more even or with widely scattered low hummocks (usually less than 2 feet high).
Soils strongly acidic to weakly minerotrophic. Occurring in broad depressions on lakeplaingvwaashou
plains or along the margins of lakes, usuallgantact with groundwater or surface water.
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30a. Vegetation dominated by feseed sedgeGarex oligospermjaand/or wiregrass sedg€( lasiocarpa
Common shrubs are leatherledfpg rosemarandoccasbnaly bog birch, plus stunted tamarack and
black spuce. Other indicator species include mud sedgaréx limosp pitcherplant (Sarracenia
purpured, roundHeaved sundewdrosera rotundifoliy pod grasscheuchzeria palustfjishogbean
(Menyanthes trfioliata) and the pinkflowered orchids Calopogortuberosus Pogonia ophioglossoides
andArethusa bulbosaUsually @curring north(rarely south)of the climatic tension zonim kettle
depressions and on level areas or shallow depressions of glacial shubmal lakeplains, often on the
margins of "bog"dkes with a floating or grounded mat of peat and sedge rhizomes.........t

30b.Vegetation dominatedly common yellow lake sedg€drex utriculaty few-seed sedgeGarex
oligosperma, wiregrass sedgé( lasiocarpp and bluejoint grassJalamagrostis canadengisvool
grass $cirpus cyperindi®ccasional. Small tamarack and white pine scattered. Congmabs are
hardhack $piraea tomentosa bristly cewberry Rubus hispidysleatherleaf, black chokeberronia
melanocarpd, Kalm's St. Johnigort (Hypericum kalmianujnand sometimes bog bircBétula
pumild). Indicator forbs include swaragandles ysmachia terrestrisand bog goldenrodSplidago
uliginosg. Occurring almost exclusively in the Central Sand Plains on the lakebed of Glacial Lake
LT TS ot o] I P TP &

27b. Ground layer dominatkby sedges, rushes, grasses, and/or fpshfiagnum mosses absent or local.
31la. Soils loarto silty clay loam, usually at soil surface.

32a.Dominated by big bluestem, little bluestem, and Indian grest, prairie dropseed, bluejoint grass,
cordgrassand tussock sedge locally common. Prairie falosh agrairie blazingstar (iatris
pycnostachyjy prairie phlox Phlox pilosy prairie coneflowerRatibida pinnatg, prairie dock $ilphium
terebinthinaceum), and Culver'sroot (Veronicastrum virginicujrmuch more common than marsh forbs
(12T 724 o) S UPPR 1

32b.Dominated by cordgrass and ocamlly bluejoint grass ahtussock sedge. Marsh forbach asloePye
weed Eutrochium maculatuin boneset Eupatorium perfoliaturjy common water hemlockQjcuta
maculatg, swamp milkweedAsclepias incarna)aandwater smartweed Rersicaria amphibjamore
common thanprairie forbs (see 32a), or both marsh andigeaforbs about equally commor.

31b. Soils sand, peat, or mu@kcluding muky mineral); iheavier mineral soils at surface, soils saturated

33a.0ccurring along the shorelines of Lake Michigan and Superior, or in estuarine complexes near the Great
Lakes, with hydrology influenced at least indirectly by Great Lakes water. levels

34a.Locatedin coastal embayments, often behind a barrier sandspit or near the mouth of estuarine rivers.
Vegetation usually #oating mat dominated byviregrass sedgeOarex lasiocarpatwigrush Cladium
mariscoide} sweet galeNlyrica galg, andbuckbean fenyanthes trifoliata.....

34b.Located in depressions in open dunes or between dune ridges. Soils moist or submerged sand
(sometimes covered by a thin layer of muck or marl). Water Isweietimes deepening to several feet
in center of depression. Species various, but often incBakic rush Juncus balticyssilverweed
(Potentilla ansering severangled pipewort [Eriocallon aquaticun), goldenseeded spikeush
(Eleocharis elliptiga and sedgese(g.,Carex aquatilisC. lasiocarpaC. oligospermgC. viriduld.

33b.Occurring elsewhere, or, if near the Great Lakes, hydrology not influenced by Great Lakes water levels.

35a.0ccurring in shallowandy depressions or on perimeters (or rarely entire shallow basins) of softwater
seepage lakes with diyg shores and other isolated depressions characterized by large water table
fluctuations (both seasonally and from year to year). Soils sand or paat

36a.0ccurring along the margins of sahdttomed seepage lakes and ponds on gldaieébeds
(espedally Glacial Lake Wisconsin in the Central Sand Plains) as well as on sandy outwash plains.
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Vegetation usually exhibiting strong zonation with an atigizone, shortegtatured emergent zone,
and drier upland zone.

37a. Vegetatiorncludes species disjunfrom the Atlantic Coastal Plain, includiRgirena Lipocarpha
RhynchosporaScleria brownruit rush Juncus pelocarpyismilkworts Polygala craiataandP.
sanguined, tooth-cup Rotala ramosioy, meadowbeauty Rhexia virginicp and yelloweyed
grass Kyris tortg; may also contain species listed below (see 37h)...........(

37h. Vegetation lacks Coastal Plain specialists (see 37ainatech by graminoids such as Arctic rush
(Juncus arcticysnarrowparicle rush J. brevicaudatus = { Y A (i KRRoenoptzftusdithik o
little green sedgeQarex viridulp yellow sedgeQ. flavg, broom sedge(. scoparip clustered
beakrush Rhyrchospora capitellath and containing forbs such aiverweed @Argertina
ansering, brook lobelial(obelia kalm)i, purple false foxgloveA@alinis purpureg common false
foxglove A. tenuifolidd = | Y Ry 2 NIworS(Nyperiguin Boredi. K.y..Q. A

36b.Occurring in moist sandy depressions with a high water table, but withtiitthe standing water;
not associated with seepage lakes. ¥&gion zonation weak, usually a mixture of species of coastal
plain marsh as well as sedge meadow, oak barrens, and/or pine barrens]

35b. Occurring in depressions in glacial lakeplains and altwkins, abandoned glacial lakebeds, stream
corridors, and margins of lakes. Soils usually organic at surface or if mineral at or near surface, soil
texture usually clay loam to sandy clagmo (silt loam on degraded sites), rarely sand.

38a.Dominatedby sedges, particularly tussock sed@aiex stricty wiregrass sedgeZ( lasiocarpa
and/or lake sedgeQ. lacustris with bluejoint grass occasionally-dominant. Sedge and bluejoint
gras tussocks, if present, often tall (> 6 inches). Soils peatuak, acid to neutral. Wet sedge
meadow species such as water smartweed, great water deaknex britannich broadleaved
arrowhead Gagittaria latifolig, marsh skullcagScutellariagalericdata), andwool grass $cirpus
cyperinuy more prevalent thandn specialists (see 38b), which are usually sparse

39a.Located in northern Wisconsin, north of the climatic tension zone. Vegetation dominated by
sedgesCarex strictaC. lacustrisC. lasbcarpa C. oligospermgC. utriculatd and bluejoint grass.
Seciessuch adeatherleaf, marsh cinquefoidomarum palustre northern blue flaglfis
versicolo}, andbog willow Salix pedicellar)jamore prevalent thanhose listed below(see 39b).
Soilsare neutral to strongly acidic, shall to deep peat. Frequently invaded by speckled alder

39b.Located in southern Wisconsimostly south of the climatic tension zone. Vegetation dominated
by tussock sedge, lake sedge, and sometimes by wiregrass §pdgessuch asloePyeweed,
jewelweed (mpatiens capensjssensitive fern@noclea sesibilig, giant goldenrod$%olidago
gigantea), glossyleaved aster $ymphyotrichum firmun and tall meadowrueThalictrum
dasycarpurm more prevalent than specidisted abovegsee 39a). Soils are typically neutral to
mildly alkaline peat. Frequently indad by dogwoods and willows.¢.,Sdix bebbianas.
discolo); alder abSent t0 SPArSE........cceeviiuiiiiiieiieeiiiiiiee e

38b.Dominance usually shared by sedgg®sses, rushes, bulrushes, and fofibsboreal rich fens, Carex
lasiocarpa may be dominant). Sedge tussocks, if present, usually short (< 6 inches). Soils neutral to
moderately alkaline deep peat or marl. Vegetation strongly influenced by surface asdriade
groundwater seepagé-en specialists such asdges Carex buxbaumiiC leptaleg C. limosaC.
livida, C. sterili® = Y I £ Y Kbaelia kalrd)iDogigblderrodSolidago uliginosa pitcherplant
(Sarracenia purpurgabeakrushes Rhynchospa albaandR. capillacep bog arrowgrass

1 Some wetland restorations may key here, especially where conducted on former agricultural land, but may not match the
descriptions of naturalipccurring sedge meadow communities. For an alternate categorization of these sites, please see the
U.S. NationaVegetation Classification description foe
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(Triglochin maritimurp, twig-rush Cladium mariscoidgsgoldenseeded spikeush Eleocharis
elliptica), shrubby cinquefoillfasiphora fruticosp and aldedleaved buckthornRhamnus alnifolip
more prevalent tha sedge meadow/marsh specgtb (see 38a), which are usually sparse.

40a.Located in northern Wisconsin, often adjacent to lakes or cedar swamps. Northern shrubs and
stunted trees presensuch aog rosemary, leatherleaf, sweet gale, northern witdar,
tamarack,andblack SPrUCE...........cccuviiiii i

40b.Locatedin southern Wisconsin arccasionally in central Wisconsin, primarily in interlobate
regions Species of prairies and cateous southern wetlands presesiich asig bluestem, little
bluestem, whorled loosestrifd_ysimachia quadriflofa cowbane Qxypolis rigidig;, swamp
lousewort Pedicularis lanceolajaVirginia mountaimmint (Pycnanthemunvirginianum) = wA RRSft f Q&
goldenrod (Solidago riddelljj and poison sumacToxicodendron vernjx...............C
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APPENDIB: PRELIMINARSONDITIONBENCHMARKS FOFRA

INTERPRETING Mean Coefficient of
Conservatism Result$: and w/

Preliminarysuggested benchmarks for weighted mean C)(®nd unweighted mean C)(are
available below. Weighted mean C/(Wbenchmaks should be used whenever possilbut
unweighted C benchmarks)(can be used in cases wheré tnenchmarks for community

don't exist or for plant data without abundance estimates for each species.

BENCHMARKS FORIGHTED MEAN W/ ()

PreliminaryWeighted Mean C (W) Candition Benchmarks foNorthern Lakes and Forests
Ecoregion Wetlands based on Overall Disturbance Scores.

Emergent

Shrub
Scrub

Forested

Condition Category
Least Disturbed

Most Disturbed

Natural Community: Excellent Good Fair Poor  Very Poor
Emergent Marsh >71 |52-71|28-51| 0727 | <0.7
Northern Sedge Meadow >71 | 52-7.1|35-51 <35
Shrub Carr >5.1 3.95.1| <39
Alder Thicket >53 | 45-53|4.1-44|3840| <38
Open Bog >8.9 8.0-8.9 <8.0

Muskeg >85 | 7.9-85 <79

Black Spruce/ Tamarack Swan >7.9 | 74-79 | 6.7-7.3| 5.7-6.6 | <5.7
Cedar Swamp (NWMF) >74 | 69-74 <6.9

Northern Hardwood Swamp >6.2 | 5.7-6.2 | 3.9-5.6 | 2.53.8 <25

Source: Hlina, P., NP Danz, K. Beaster, D. Anderstag&dorn. 2015. Northern Lakes and Forests Inland Wetland Surveys:
Relationship between Floristic Quality Assessment and Anthropogenic Stressors. Technical Reghrt 8R4 Superior Research
Institute, University of Wisconsi8uperior, Superior, WI.




PreliminaryWeighted Mean C (W) Condition Benchmarks féforth Central Hardwood Forest
andWestern Corn Belt Plaingd/etlands based on Overall Disturbance Scores.

Condition Category:

Least Disturbed Most Disturbed
Natural Communiy: Excellent Good  Fair Poor  Very Poor
Emergent Marsh > 6.6 5.2-6.6|3.1-51| 0.8-3.0 <0.8
Emergent Southern Sedge Meadow > 6.0 5.0-6.0| 2.7-49| 1.9-26 <19
Northern Sedge Meadow >7.0 59-7.0|28-58| 1.4-27 <14
Shrub  ShrubCarr >5.7 49-5.7|2.0-48| 1.6-1.9 <16
Northern Hardwood Swamp >6.1 5.0-6.1|2.7-49| 25-26 <25
Forested Cedar Swamp (NWMF) >7.1 6.8-7.1 <6.8
Northern Tamarack Swamp >7.1 6.7-7.1|5.7-6.6| 45-5.6 <45

Source: MartiA.M. and T.W. Bernthal. 2019. Provisional wetland floristic quality benchmarks for wetland monitoring and
assessment in Wisconsin. Final Report to US EPA Region V, Grants # CDO0E01576 and #CDO0E02075. Wisconsin Depar
Natural Resources. Unpublishethnuscript.



PreliminaryWeighted Mean C (W) Condition Benchmarks f@outheast WI TilPlainsand Central
Corn Belt Plain§Vetlands based on Overall Disturbance Scores.

Natural Community:

Emergent Marsh
Southern Sedge Meadow

Emergent ) .
Wet-Mesic Prairie
Calcareous Fen

Shrub  ShrubCarr

Northern Hardwood Swamp
Southern Hardwood Swamp
Cedar Swamp (NWMF)

Floodplain Forest

Forested

Condition Category:
Most Disturbed

Least Disturbed

Excellent Good Fair Poor Very Poor
>5.7 4.1-5.7 | 21-4.0| 1.0-2.0 <1.0
> 6.3 5.6-6.3 |3.8-55| 1.0-3.7 <1.0
>5.5 46-551|3.1-45| 1.9-3.0 <1.9
>7.0 6.2-7.0 | 3.6-6.1| 2.2-35 <22
>5.1 4.7-5.1|3.2-46| 2.3-3.1 <23
> 6.2 5.4-6.2 | 3.6-5.3| 3.4-35 <34
> 4.7 4.0-4.7 | 29-39| 2.0-2.8 <20
> 6.5 6.5 5.8-6.4| 5.3-5.7 <53
> 4.0 3.4-4.0 | 2.3-3.3 2.2 <22

Source: Marti, A.M. and T.W. Bernthal. 2019. Provisiaesiiand floristic quality benchmarks for wetland monitoring and
assessment in Wisconsin. Final Report to US EBRV, Grants # CDO0OE01576 and #CDOOE02075. Wisconsin Department «

Natural Resources. Unpublished manuscript.



PreliminaryWeightedMean C (W) Condition Benchmarks fd@riftless AreaEcoregion Wetlands
based on Overall Disturbance Scores.

Condition Category:

Least Disturbed Most Disturbed
Natural Community: Excellent Good  Fair Poor  Very Poor
Emergent Mash >5.2 48-52|34-47| 1.7-3.3 <1.7
Emergent
Southern Sedge Meadow >5.9 50-59|16-51| 1.1-15 <11
Shrub ShrubCarr >55 44-551|26-44| 1.8-25 <1.8
ru
Alder Thicket > 4.9 4549 |38-4.4| 3.1-3.7 <31
Forested Floodplain Brest > 4.4 3.5-44|27-34| 22-26 <22

Source: Marti, A.M. and T.W. Bernthal. 2019. Provisional wetland floristic quality benchmarks for wetland monitoring and
assessment in Wisconsin. Final Report to US EPA Region V, Grants # CDOOE015T®BAAGHEDWisconsin Department of
Natural Resource Unpublished manuscript.












