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Abstract

Tallgrass prairie is an endangered ecosystem amrdashment by woody species
threatens many remnants. Insights are neededhetdifferences in diversity and species and
functional group composition along a gradient obaw encroachment to help gauge restoration
potential and gain insights into patterns of disagsly in grassland communities. The study site
is a 65 ha (160 acre) tallgrass prairie and old fieosaic in Lake County, lllinoisThe three
main objectives in this study are to: (1) analyrzd elassify plant communities, (2) explore seed
bank dynamics and its contribution to old fieldarokation, and (3) determine the patterns of
species and functional group richness and covartatigrass prairie:old field mosaic with
varying levels of shrub invasion and assess whelieee are ordered patterns of loss in richness
and cover with increasing shrub canopy cover. @ddayer and shrub layer data were collected
from 45 sample plots including 37 located on dieditransects and eight located randomly in
high-quality reference prairie habitat. Two comrtyitypes were identified through field
observation and reinforced by cluster analysiscatdr species analysis, and Nonmetric
Multidimensional Scaling (NMS). The communitieffelied significantly in species density,
species richness, ground layer cover, floristidiguandices, shrub canopy cover, and percent
bare ground. To assess whether germination frens¢ked bank was limited by the lack of fire
at the site, soil samples were heat treated priptacement in greenhouse flats and germination
rates were compared to a control. Heat shock hadliable effect on germination, and the
species germinating from the seed bank were depéng@an the treatment. Sgrensen Similarity
Index indicated that there was very little simiafetween the species present in the seed bank
and the standing vegetation. To determine if gragmnants were responsible for the

recolonization of the site after agricultural distance, species data were examined on a distance



gradient to the nearest remnant. Overall spembsess, proportion of prairie species, and
Floristic Quality Index had no relationship wittstiince to remnants. Results suggests that
many areas of the site are seed limited, furthexpdizating the restoration of plant communities.
Possible causes of seed bank failure as a refugowha be attributed to the past history of
rigorous cultivation at the site and the recentdnisof shrub encroachment. Species
composition data were converted to plant functigmalps based on species traits to assess
whether increasing shrub canopy cover leads tododecline in richness and cover in species
with shared traits. The relationships between fioned group richness and ground layer cover to
shrub canopy cover were examined with linear resgoes discriminant analysis, ANOVA
followed by Tukey post-hoc tests, and NMS. CoveCdfgrass, perennial legume, perennial
forb, perennial sedge, C3 grass and annual forttifumal groups and richness of C4 grass,
perennial legume, and perennial forb functionaligofollow ordered decline with increasing
shrub canopy cover and differences among canopgradasses were significant. NMS
provides a graphical summary indicating functiogr@ups representative of prairie communities
are associated with low canopy cover plots compattdclosed canopy plots. Comparisons
with previous studies at this site suggest shratisg have increased in density three fold in the
past fourteen years. Results from this study lgbhlordered patterns of losses in the cover and
richness of plant functional groups that can bel@sea guideline to evaluate sites undergoing
shrub encroachment that have important managemghtcations for restoration and

management of grassland ecosystems.
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Chapter 1

Study Objectives and Site History

1.1 Objectives

Research Objectives

The three main objectives in the current studytarél) analyze and classify plant
community structure, (2) explore seed bank dynanaicd (3) determine the patterns of species
and functional group richness in a tallgrass peaotd field mosaic with varying levels of shrub
invasion and assess whether there are orderednsattieattrition with increasing shrub canopy
cover. The following chapters explore each topaividually. Chapter 2 describes results from
a baseline vegetation monitoring program implenegtdedetermine the extent of change and
effectiveness of techniques following habitat mamagnt. Specifically, the chapter focuses on
differences in community types and the vegetatiigcture and composition of the herbaceous,
shrub, and tree layers. Chapter 3 explores egigtatterns of species composition and diversity
in seed banks and standing vegetation for evidehspecies persistence in soil seed banks and
colonization from prairie remnants into former agtural lands to determine if seed limitation
is a factor in the current assemblages. Chaptdetermined whether nonrandom ordered
patterns of plant functional group losses in ridgsand ground layer cover could be detected
with increasing woody invasion in native grasslaaditats. Chapter 5 closes with a short
overview of the findings in the previous chaptard &heir significance to the scientific

community.

Management Objectives




Management encompasses the combined goals otateomganizations, the lllinois
State Toll Highway Authority (ISTHA) and the lllimDepartment of Transportation (IDOT).
Both organizations seek to obtain wetland creddmfthe site, and have agreed and acted upon
a management plan. Objectives include restoriedwio major ecosystems at the site, tallgrass
prairie and wetlands. Methods for the restoratibtine site involve significant shrub removal,
returning fire to the site, and seeding the sitenjorove native species density and cover in the

wetlands and prairies.

1.2 Site History
Study area

The study area is the 65 ha (160 acre) North @bitdetland Mitigation Site near North
Chicago, IL (Figure 1), a parcel owned by the ISTai#l IDOT (4218’03.16”N and
87°53'00.49"W). The site is situated in an urban eowiment, surrounded by housing
developments to the south, a state highway to oinéh rilllinois 137), and industrial parks to the
east and west (Figure 2). Interest in the vegetadt the site began when the lllinois Department
of Transportation (IDOT) requested botanical susvieydetermine its botanical resources and
potential use as a wetland mitigation site. Extenbotanical surveys have been conducted at
this site (e.g., Taft 1996 and 2006), recording 8@dcies of vascular plants including three state
threatened plant speciddymus trachycaulus, Oenothera perennis, andVeronica scutellata.
The state endangerédnelanchier sanguinea was found during baseline vegetation monitoring
for the current study in 2009. Remnant prairied @etlands ranging in quality from degraded
to high-quality natural areas have been found thinout the site; however, the highest quality

habitats are localized in the far southern extétit@study area (Figure 2). Habitats identified



include mesic to wet prairie, sedge meadow, angim@raft 1996, 2006). Wetland mapping has
identified a total of 29 wetland acres (Olson etl@01; Plocher et al. 1996). This site was
chosen as the study area due the unique composttisupland vegetation, which relates
directly to the objectives described above. Thewas chosen specifically to determine
objectives 1) and 3) above, while objective 2) wdded as a preliminary study to answer basic

guestions regarding the seedbank.

Pre European settlement history

According to the General Land Office (GLO) Pulilemd Survey notes, in the period of
1837-1840 vegetation in this study area was praiiile adjacent areas of wet prairie, marsh, and
savanna (Moran 1978). The site lies in the mastntty glaciated region of Illinois and is

classified as part of the Northeastern MorainaluikatDivision (Schwegman et al. 1973).
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Soils in the study area belong to the BeecherifoarnMontgomery association
(Paschke and Alexander 1970) and are common imaggalcareas (Figure 4; Soil Survey Staff
2010). Soils are gently sloping and occasionayfdepressional areas. Dominant soils
mapped include Frankfort silt loam and Montgomeity slay loam, covering 36% and 47% of
the site, respectively (Figure 4; Soil Survey Seff10). Frankfort silt loam is characterized by a
seasonally high water table roughly 15 cm belowsthiesurface. Montgomery silty clay formed
in clayey lake bed and/or glacial till depositstwiharsh vegetation. This is the dominant
wetland soil in the study area (Plocher et al. @81l is found throughout the study area in the

depressions. Ponding on the Montgomery silty dayommon and the water table is always



within 30 cm of the soil surface (Soil Survey St¥10). Zurich and Nappanee silt loams occur
in the northeastern corner of the project area aoehrding to Paschke and Alexander (1970),
formed under forest cover. Soil surveys by Plodtal. (1996) largely agree with the soil

mapping reported by Paschke and Alexander (1970).

Disturbance History

Much of the known history of the site relies ostbrical aerial photography, and
vegetation surveys and sampling that began in®9€’s. Previous work (Taft 1996) recreated a
land use history of the site. The majority of ttugthern 3/5ths of the site was cultivated under
row crop agriculture until the late 1960’s; a srmathnant prairie region also was present that
appears to have been heavily grazed (Taft 1996 sbuthern 2/5ths may have been used as
pasture for grazing animals, but there is no ewdsdesf overgrazing in the prairie vegetation
(Taft 1996). An aerial photo from the 1940’s shawdear fence row pattern around the
southern portion of the site, indicating that itsiwesed as pasture at this point in time (Figure 4).
Also, shrubs are not evident in the photo, whise$roccurred in a savanna like community
along the eastern edge of the site. Aerial phajagy from the late 1960’s shows a shift from

row crop agriculture to early secondary successegetation.

Prairie History in lllinois

Grasslands once stretched from the Rocky Mountaipsrtions of Indiana and Ohio
forming a wedge-shaped configuration towards tis¢ derred to as the prairie peninsula
(Kuchler 1964). Following Pleistocene glaciatioagqrairie flora became dominant in the region

about 6200 yr BP, with seasonal aridity, grazimgl ire playing key roles in grassland



development and maintenance (Nelson et al 2006e/0d 2006). lllinois, occurring near the
eastern edge of this grassland, is in an ecotoaaigforest transition zone (Anderson 1983).

At the time of Euro-American settlements in the h@l' century, lllinois was about 55 percent
prairie with savanna, woodland, and forest compgishuch of the remaining land area (Taft et
al. 2009). However, due to conversion of muchhef grassland habitat to row crop agriculture
and the recent encroachment of woody plants inir@ntagrasslands during extended fire-free
intervals, only about .01 percent of the originaipe habitat remains in nearly undisturbed
condition. The remaining prairie is spread among &nnants (White 1978; IDNR Natural
Heritage Database) with 79 percent smaller thaact@s and 23 percent less than one acre (Taft

et al. 2009).
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Figures

Figure 1. Adapted from Taft et al. (2010). Lakeu€ty is the northeastern most county in the
state of lllinois. The North Chicago Wetland Métgn site is outlined in black.
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Figure 2. Adapted from Taft et al. (2010). Poiataddepict the locations of the three state
threatened speci&dymus trachycalus, Oenothera perennis, andVeronica scutellata and the
state endangerg&inelanchier sanguinea. Species distributions may also be represented by
polygons of the same color if the population wassaeor widespread. High quality natural
areas are represented by colored polygons anddecharsh, wet prairie, wet mesic prairie,
prairie, and sedge meadow.
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Figure 3. Soils map of the North Chicago Wetlanitiddtion Site. The site is outlined by a thin
blue line and each soil type is delineated by amge polygon. The code found in the middle of
each polygon corresponds to the soil type fouritiénegend. All information is adapted from

Soil Survey Staff (2010).
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Lake County, lllinois (IL097)
Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
298A Beecher silt loam, 0 to 2 percent slopes 6.9 4.2%
298B Beecher silt loam, 2 to 4 percent slopes 4.2 2.6%
320A Frankfort silt loam, O to 2 percent slopes 74 4.5%
320B Frankfort silt loam, 2 to 4 percent slopes 50.3 30.5%
320B2 Frankfort silty clay loam, 2 to 4 percent slopes, 21 1.3%
eroded
465A Montgomery silty clay loam, 0 to 2 percent 776 47.1%
slopes
983B Zurich and Nappanee silt loams, 2 to 4 percent 15.8 9.6%
slopes
4103A Houghton muck, ponded, 0 to 2 percent slopes 0.5 0.3%
Totals for Area of Interest 164.8 100.0%
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Figure 4. 1941 aerial photograph of the North Céace/etland Mitigation site (outlined in red)
(ISGS 1997). The site is a mosaic of cultivatedtiland open pasture, with cultivated land
concentrated in the north and pasture concentmat® south. Shrubs and trees are uncommon
at the site at this time, and occur only alongehstern edge of the site and fencerows of the

southern pasture.
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Chapter 2

Quantitative Vegetation Patterns
Abstract
Introduction — The initial purpose of this project was to ebsdba baseline vegetation
monitoring program to determine the extent of cleaagd effectiveness of techniques following
habitat management. Specifically the project fesusn differences in community types and the
vegetative structure and composition of the henageshrub, and tree layers.
Questions— Can the separation of plots into the two basmmanity types, prairie and old
field, be supported by cluster analysis? Whatleealifferences in the herbaceous layer between
the identified communities? What are the diffeeshim the shrub layer between old field and
prairie communities? What is the structure andmasition of forested plots?
Location - Tallgrass prairie and old field mosaic at the tN&Zhicago Wetland Mitigation Site
in Lake County, lllinois.
Methods - Ground layer and shrub canopy data were colleficted 45 sample plots including
37 located on stratified transects and eight latea@domly in high-quality reference prairie
habitat. Indicator species analysis determinedimdreéhere were non-random patterns of
species affiliation. Differences in the attributéshe herbaceous layer, shrub layer, and trees
were determined with means comparisons tests bate@amunity types. The arrangement of
species, plots, and community types were examingdNonmetric Multidimensional Scaling
(NMS)
Results— Two communities, prairie and old field, were rgaized by field observation and
confirmed with cluster analysis. 48 species weng-random indicators of the prairie

community while only 6 species were found to asgeanon-randomly with the old field
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community. Mean comparison tests determined tatwe species density, native richness,
vegetative cover, visible sky, and floristic qualihdices were all significantly greater in prairie
plots compared to the old field plots. Mean conguar tests indicate that bare ground was
higher in the old field plots as opposed to therg@glots. Shrub density was greater in the
prairie plots but the differences were not sigaific Rhamnus cathartica, Cornus racemosa,
Lonicera X bella, Viburnum lentago, andRhamnus frangula were the most abundant shrub
species in both the old field and the prairie ploisees were uncommon at the site, and were
found in only four plots. A graphical ordinatiohtcansect plots grouped by perceived
community type supports the 2 community classifozatrom cluster analysis, and suggests that
the variation in community affiliation is driven mative richness and percent bare ground.
Discussion - Regardless of community typehamnus cathartica was the most abundant shrub
species at the site. Areas of high shrub densidylew canopy cover in the prairie plots may be
representative of recently invaded communitiesttifeumore, the species composition in these
plots is intermediate between the prairie and @ldl fplots, even though they were classified as
prairie by cluster analysis. Previous studies ssgghrub species have increased in density three
fold in the past fourteen years. Results exemptié/need for management in this shrub

encroached ecosystem.
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2.1 Introduction

Chief goals of this portion of the study were ttlect and quantify species density,
species richness, bare ground, and total covéreigtound-layer vegetation and to quantify
composition, stem density, and percent canopy coviére shrub stratum. These measures are
common in other descriptive studies and will previde necessary data to complete the
objectives for this chapter outlined in ChapterfThese goals are relevant to the rest of the study
because it identifies the general vegetation pattedthin the study area, providing a base from
which firm inferences can be made regarding theaneimg sections of this thesis. Furthermore,
general vegetation patterns including density,mads, and composition are useful parameters
for comparisons with other studies.

This study is significant because results willised as a baseline reference for
monitoring vegetation change with planned habitahagement. As mentioned above, the
descriptive vegetation parameters sampled in thdyswill prove essential to track the changes
in vegetation across the temporal extent of thgepto Current project goals dictated by the
ISTHA and IDOT require a resampling of the vegetatvery year for five years. The
vegetation sampling will include one year of baszimonitoring followed by 4 years of post
management monitoring. The post management suwilyallow comparisons to this baseline
study, so that any changes or effects of manageoagerive dutifully reported to the ISTHA and
IDOT. If change is significant, the ISTHA and ID@ll receive credit for restoring the area
for the purpose of compensating for the unavoidablgative impacts to aquatic resources
elsewhere in the state. Proposed habitat managencturdes removal of invasive species and
localized seeding of native prairie and wetlanccggsefollowed by habitat management

involving prescribed fire.
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Site History

See Chapter 1.2 Site History

Study Questions

This study was designed to analyze the structitleeoupland plant communities at the
North Chicago Wetland Mitigation Site (NCWMS) astpat a baseline monitoring program.

Question A — What communities can be identifiethatsite based on species
composition data?

Prediction — Based on field observations, theitehei two main community types, prairie
and old field. Differences in these community typell be discussed below.

Question B — What are the compositional patteeta/éen the perceived community
types and which species are responsible for thaderps?

Prediction — Vegetation patterns represent annedegradient of disturbance due to
shrub encroachment and agricultural practicesiri@alots will be characterized by lower
percent bare ground, greater species richnesdegltezrtbaceous cover, and higher floristic
guality. Old field plots will be characterized higher percent bare ground, lower species
richness, lower herbaceous cover, and lower fiorggiality integrity.

Question C — What is the stem density and peic@ambpy cover in the shrub stratum,
and does this vary depending on the community?

Prediction — Old field communities will have greashrub canopy cover.

2.2 Methods

Sample Design

16



A stratified vegetation sampling design was utidtizvith 10 parallel transects running
west to east, each separated by 152 m intervals.d@imple points were established on each
transect separated by 76 m (the transect furtbeaketnorth had four sample points). This array
provided 37 terrestrial vegetation plots and 12amet plots (the latter not examined in current
study). In addition, eight plots were establisheteference prairie remnants in the far southern
portion of the study, for a total of 45 vegetatgample plots. Specific plot location with the

additional targeted sampling was determined rangoml

Vegetation Sampling

Vegetation was sampled from the first week in Jum@ the third week of July.
Spatially, the transects were sampled from norgotgh, with the sampling completed on each
transect before moving to the next. Vegetation seampled in 25-M(5m x 5m) sampling plots
with ground layer quadrats (nested within. The baseline point for all samtets was the
southwest corner of the shrub/sapling plots. 8ili¢s were oriented along cardinal directions
(the southern boundary runs W-E af)@Composition and stem density of shrubs and isgpli
(all woody stems > 1-m tall and < 10 cm dbh) wemmpgled within the 25-fiplots. Percent
shrub cover was determined using digital photogyapith a hemi-view lens oriented vertically
in the plot center to photograph the canopy ofplo¢ area (narrowed with a lens tube).
Interference from herbaceous cover was minimizeglaging the camera on a 70cm tall tripod.
Percent visible sky was calculated from these imaging HemiView Canopy Analysis
Software, ver. 2.1. Percent canopy cover was caledlas 100 - % visible sky. Ground layer
vegetation was sampled with 3 quadrats nestedm&ach shrub plot, with quadrat placement in

the southwest and northeast corners and one pldheenter. Data collected from each quadrat
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included species presence and percent cover forgsecies estimated with a modified
Daubenmire cover-class scale (0-1 %, 1-5%, 5-2594@%6, 50-75%, 75-95%, 95-100%). All
species rooted within each quadrat frame were decbto species including woody species < 1-
m tall. Trees (woody stems > 10 cm dbh), scardherstudy area, were sampled in 200 m

(14.14 m x 14.14 m) sample plots (n = 4) anchotedeaSW corner of the shrub plot.

Data Analysis

Question A- Cluster analysis in PC-ORD ver. 4.34 softwarekpge (McCune and
Mefford 1999) was utilized to produce a hierarchatassification of sites from the quantitative
sample data based on the Sgrensen similarity destaeasure and flexible Beta linkage method
(% =-0.25). The clustering algorithm based onh&li(1969) and Post and Sheperd (1974) in
PCORD, was used to produce a classification osgdloim sample data. Flexible sorting with
set at -0.25 was used for its optimal grouping ati@ristics (Lance and Williams 1967) to
construct a hierarchical dendrogram based on Semetistance measures. Results from the
cluster analysis were confirmed with field obseiwas. Communities were named based on
field observations of the plots and the speciea.dat

Question B, C, and D - Species abundance is measured by Importance {(iM200),
calculated as the sum of relative frequency arativel cover for ground-layer samples; for the
shrub/sapling stratum, IV is calculated as the stinelative frequency and density; and for
trees, IV is calculated as the sum of relative dg@sd basal area. Indicator Species Analysis
(Dufrene and Legendre 1997) was used to deterningandom group affiliation for species
with probability determined from 1,000 Monte Capermutations of the data using the PC-ORD

ver. 4.34 software package (McCune and Mefford )9@@icator Values were calculated for
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each species with the following formula: Indica#alue = 100 (RA x RF), with RA =relative

abundance and RF = relative frequency. A perfatitator (IV = 100) would be a species that is

both faithful (complete fidelity to a particularrmonunity type) and reliable (always present).
Vegetation data include parameters calculatedtt ¢uadrat and plot spatial scales.

Species richness was the only parameter summedgaphatngquadrats, all others were averaged.

Parameters, defined below, include species richfmegive and non-native), and metrics for

Floristic Quality Assessment (FQA) including caktibns based on both native and all species.

FQA metrics include Mean Coefficient of Conservatiand the Floristic Quality Index (Taft et

al. 1997). Species-level metrics included natpecges richness, mean coefficient of

conservatism, floristic quality index (Taft et #B97), and mean wetness coefficient were

calculated as follows:

Native Species Richness: Total number of native species in a sample unit

Native Species Density: Average number of native species in a sample uni

Mean Coefficient of Conservatism (Mean C): X Coefficient of Conservatism (CC) / S, where

CC = Coefficient of Conservatism (Taft et al. 198Ad S = total species richness per sample

unit (Swink and Wilhelm 1994; Taft et al. 1997)C@anges from 0 to 10, 0 being assigned to all

non-native species and native species with naatfbh to natural areas, whereas 10 is assigned

to native species that almost always occur in kygglity natural areas. Values for all species in

this study can be found in Appendix 1.

Floristic Quality Index (FQI): Mean C * ({N) where N = native species richness

Mean Cn andFQIn are calculated using only native species.

Mean Wetness Coefficient: X~ Wetness Coefficient (WS) / S, where WC is the we$n

coefficients for each species (Reed 1988) andil&isumber of species per sample unit. This
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method was adapted for use in this project fronFdderal Interagency Committee for Wetland
Delineation (1989) to identify hydrophytic vegetatiand to determine whether soil moisture
was a confounding variable in this analysis. Arig of all species and their wetness confidents
can be found in Appendix 1

All indices and parameters calculated from teri@stegetation samples were normally
distributed. Comparisons of vegetation parametersng the vegetation types determined from
cluster analysis were examined with means compatesis (t-tests) using Systat ver. 10. The
arrangement of sites, vegetation types, and specisgexamined with Nonmetric
Multidimensional Scaling (NMS). NMS (Kruskal 1964ather 1976) was applied to assess the
relationship between community types, species ashnand environmental variables. NMS has
the advantage of not relying on a species respaurse model and its optimal graphical
representation of community relationships (McCun&&ce 2002). Using a random starting
configuration, NMS was run in autopilot mode, compg 40 runs with real data from one to six
dimensions. A Monte Carlo test with 50 randomizaasrwas performed to assess whether
resulting axes significantly reduced more streas #xpected by chance. Plots that were highly
dissimilar to others (standard deviation from theamcalculated distance of all plots > 2.3, < 3)
were detected by outlier analysis in PC-ORD (McCé&ridefford 1999) and were excluded.
Correlations between ordination axes and variabbre evaluated by Pearson’s correlation
coefficient (r). Final NMS orientation figure mhoced with PCORD (Ver. 4.34). Botanical
nomenclature follows Taft et al. (1997), a modifica from Mohlenbrock (1986). Non-native

species in the report will be indicated with areask (*).

2.3 Resaults
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Summary Vegetation Description

A total of 215 species were identified from thet@hsect plots and 16 prairie reference
plots. This included 171 native species and 33mative species, with the remaining species
unidentified to species. These individuals repnesed seedlings or sterile individuals
unidentifiable to species and believed primarilyp&seedlings or individuals of recorded
species. Dominant species in the ground layertaéiga includecdRhamnus cathartica*, Cornus
racemosa, Solidago juncea, Fragaria virginiana, Schizachyrium scoparium, Aster drummondii,
Allium cernum Lonicera X bella*, Potentilla simplex, Andropogon gerardii, andPoa pratensis*.
Combined, all these species represent about 3G#eamportance value among all species
present. Refer to Appendix 1 for a listing of teenmon and scientific names for all species that
were located within the ground layer.

Question A- What communities can be identifiethatsite based on species composition
data?

Prairie and old field/shrubland were the two bagand vegetation types perceived from
field work and subsequently confirmed from hieraahcluster analysis. 16 prairie plots and 29
old field/shrubland plots were identified from thealysis (Figure 5). The 16 prairie plots
included 8 plots randomly placed in high qualitgipe remnants in the southern portion of the
site and 8 that were among the stratified transects

Question B- What are the compositional patterns between theeperd community types
and which species are responsible for these paftern

Prairie has significantly higher native speciessiy, native richness, vegetative cover,
and lower percent bare ground (Table 1). Florigtiality indices were all significantly higher in

the prairie plots. Additionally, visible sky waigjsificantly greater in the prairie plots.
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Several species had a non-random affiliation &rigrand old field communities. Only
Circea lutetiana, Lonicera X bella*, Carex unbellata, Sanicula canadensis, and Rhamnus
cathartica* are species that significantly associate withaldefield plots (Table 2). Many more
species are significant indicators of the prait@g Achillea millefolium*, Antennaria neglecta,
Aster ericoides, Monarda fistulosa, Solidago juncea, Cerastium vulgatum*, Helianthus rigidus,
Ratibida pinnata, andSolidago nemoralis are just of few of the most significant indicaspecies
of the prairie plots (Table 2). Two C4 grassesenggnificant indicators of a prairie community
in this analysis$chizachyrium scoparium andAndropogon gerardii.

Question C- What is the stem density and percent canopy coviérei shrub stratum, and
does this vary depending on the community?

Shrub density was greater in the prairie plots the differences were not significant.
There were 24,125 stems/ha in the prairie plots2zah?20 stems/ha in the old field plots. Shrub
canopy cover averaged 50% in the prairie plots7®d in the old field plots. OveraRhamnus
cathartica, Cornus racemosa, Lonicera X bella, Viburnum lentago, andRhamnus frangula were
the most important shrub species (Table 3) in baold field and prairie communities. Three
shrub species were found in the prairie plotswexe not found in the transect plots, while 11
species were found in the old field plots that wesesampled in the prairie plots.

Question D - What is the structure and compositibforested plots?

Trees (woody stems > 10cm DBH) were uncommoneasitie, and occurred in 4 out of
the 45 plots sampled?opulus deltoides was the most important tree, as several largeqm35
dbh) specimens were present in one of the plotgyaloe eastern edge of the site (Table 4).

Populus deltoides, Acer negundo, Crataegus pruinosa, Prunus serotina, Quercus macrocarpa,
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andRhamnus cathartica were the only tree species found in the samplmtsu For those plots

with trees, average basal area at the site wad/h@rand average density was 250 trees/ha,

Ordination

The NMS ordination graphically represents thecitne of the community while
allowing for further interpretation of communitytrdbutes such as percent bare ground, percent
shrub canopy cover, mean wetness coefficient, @apecies richness, non-native species
richness and shrub density (Figure 6). As idedi€arlier with cluster analysis, the ordination
clearly supports two distinct community types ded\rom vegetation sample data mostly
separated by variation in the first axis. Combjreeas one and two explain 77% of the
variation in the original dataset. Variation irtfirst axis can be attributed to a gradient of
native species richness (r = -0.81) and percemrt ¢parund (r = 0.83), with a smaller contribution
from % canopy cover (r = 0.73) and mean wetnesBicieat (r = -.54). The gradient on axis
two cannot be sufficiently explained by any of émvironmental variables included in the
model. Plot Pr8 has high ground layer covergligthrub canopy cover, and high native density,
FQI, and Mean C. The abundant species presehisiplot are rare in other plots, even those
classified as prairie. As a result, this plot wesognized as an outlier and removed from the

graphical ordination.

2.4 Discussion
Prairie and old field plots differ in species m&ss, species density, herbaceous cover,
and percent bare ground. A trend in the dataaisfdwer species associate non-randomly with

the old field plots. One explanation is that fesvllaceous species can compete with shrubs in
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the old field plots, due to the significantly higltmnopy cover. Accordingly, the results indicate
that bare ground increases significantly under kmopy cover. Very few shade tolerant
woodland species occurred at the site, and whendidetheir distribution was highly localized.
The exception would be the species that were sogmif indicators for the old field. All are
common in savanna communities characterized byssgardense canopy cover. The lack of
common woodland or transitional species may begigrexplained by the presence of dispersal
barriers or a lack of adjacent woodland habitat discourages migration of shade tolerant
species to the site. Present day dispersal baatdhe site include the surrounding matrix of
urban developments including large industrial pankg residential developments. Past dispersal
barriers likely included the immense agricultuealdscapes that existed prior to industrial and
residential development.

Another interesting pattern identified by thisdstus the slightly higher density of shrubs
within prairie plots. However, canopy cover isrsfggantly greater in the old field plots,
indicating that prairie plots are dominated by ygpghrubs that have yet to form a dense canopy.
Further evidence of shrub invasion is the intermdcomposition of the vegetation in plots
heavily infested by shrubs. For example, plots 200 9A or 7d and 1A are similar to one
another in ordination space, because they sharg afdhe same species with similar
herbaceous cover, even though they are class#ieiffarent communities. Intermediate plots
commonly had species that were significant indicatd both the old field and prairie plots.
Furthermore, previous studies at the site (Ploehat 1996) indicate a three fold increase in
shrub density per hectare over a 14-year perioft €f@al 2010). This indicates that shrub
dominance is a relatively recent phenomenon reggiimmediate action to maintain prairie

community structure. Shrub removal and prescrivednay shift the ground layer species
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composition of the plots intermediate between prand old field towards that of prairie plots,
but without management those plots intermediatomposition will likely resemble old field
plots in the future.

The mean wetness coefficient indicates that mesaral plots were dominated by
wetland vegetation. However, NMS ordination reedahat there was a positive relationship
between mean wetness coefficients and communisy. tffyairie communities are represented by
a higher mean wetness coefficient and the old fadts by a lower mean wetness coefficient.
This indicates that ground layer vegetation inneglots is more affiliated with uplands, while
those in the old field plots are more affiliatediwinesic habitats. However, any relationships
should be interpreted with caution as wetness woefits assigned to species were done so to
differentiate between wetland and non-wetland ladditand not to identify a moisture gradient
based solely on species distribution patterns.

Treelforest cover was insignificant at the sitetraes occurred sporadically. Soil
surveys indicate that the far northwest area obtteewas dense forest at one time (Paschke and
Alexander 1970), but has since been degraded intatax of grassland and shrub communities.
Aerial photographs of the area from 1941 show medibcover in the northeast area of the site
(Chapter 1, Figure 1). The woodland flora thagljkformed under the forest canopy did not
persist to the time of sampling, as it was mogsllildegraded as a result of forestry and
agricultural practices. Other work determined thatstudy area existed within a mosaic of
mesic prairie, wet prairie, and savanna vegetdtitoran 1976). Consequently, it is possible
that trees could have been locally dense in ththaast corner of the study area, accounting for

the formation of the forest soil observed in saiveys.
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2.6 Tablesand Figures

Table 1. Results of mean comparison tests betwesealdl field and prairie communities
identified from cluster analysis at the North ClgeaVetland Mitigation site. Significance was
corrected for multiple comparisons with the Bonfergorrection (0.05/N where N is the
number of comparisons made). Significant variablesbolded. Native species density, total
density, native richness, % ground layer coverjugddtiean C, Mean C, FQI, FQIn, and visible
sky were all significantly greater in prairie plot¥% Bare ground was significantly greater in the

old field plots.

Ground layer structure
Native spp. density/quad
Adventive spp. density/quad

Total density/quad

Native Richness/plot
Adventive Richness/plot
% Vegetative cover

% BG

Floristic Quality Assessment
Native Mean C

Mean C

FQI

FQIn

Shrub Stratum
Shrub Density
Visible sky

Prairie Old Field
t_
Mean SE Mean SE stat P
0.008333
23.92 0.5 13.66 1.76 5.%9000002
5.98 0.46 3.93 0.46 7 2.8).008338
29.90 1.09 1759 2.07 5.80.000001
38.00 1.29 2469 2.87 4.8d.000018
8.63 0.9 5.72 0.78 2.64018740
206.72 13{7 78.04 9.90 6.49.000003
9.03 1.59 34.34 4.44 -6.40.000000
0.012500
3.62 0.14 2.74 0.13 4.03.000529
2.94 0.1 2.09 0.14 3.580.001598
14.48 0.93 7.86 0.88 4.680.000100
17.78 0.9 10.06 0.99 5.210.000022
0.025000
60.31 7.08 5555 8.11 0.42 0.674544
0.50 0.05 0.24 0.02 3.760.001542
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Table 2. Species with a non-random affiliatiortite given community type determined by 1000
Monte Carlo permutations. Only significant resalte shown (P < .05). Indicator Value = 100
(RA x RF), with RA =relative abundance and RF atiek frequency. A perfect indicator (IV =
100) would be a species that is both faithful (ctatgfidelity to a particular community type)
and reliable (always present). Many more specer® wignificant indicators of prairie
communities

Prairie Old Fied
Indicator Indicator
Species Value P Species Value P
Achillea millefolium * 83.7 0.0001 Circea lutetiana 37.9 0.0136
Antennaria neglecta 61.4 0.0001 Lonicera X bella 57 0.0295
Aster ericoides 89.5 0.0001 Carex unbellata 31 0.0297
Monarda fistulosa 74.1 0.0001 Sanicula canadensis 40.2 0.0307
Solidago juncea 86.3 0.0001 Rhamnus cathartica 59.2 0.0471
Cerastium vulgatum * 62.3 0.0002
Helianthus rigidus 43.6 0.0002
Ratibida pinnata 84.8 0.0002
Schizachyrium scoparium 43.7 0.0002
Solidago nemoralis 71.4 0.0002
Agrostisalba 69.7 0.0003
Erigeron strigosis 60.1 0.0003
Liatris spicata 48.5 0.0003
Daucus carrota * 65.4 0.0005
Hieracium caespitosum * 55.2 0.0006
Lithospermum canescens 375 0.0006
Solidago rigida 47.3 0.0006
Sorghastrum nutans 375 0.0006
Vicia americana 375 0.0006
Sysyrinchium albidum 425 0.0007
Aster azureus 375 0.0008
Parthenium integrifolium 375 0.0008
Leucanthemum vulgare * 63 0.0011
Andropogon gerardii 37.4 0.0012
Rudbeckia hirta 66.2 0.0012
Commandra umbellata 31.2 0.003
Silphium terebinthinaceum 31.2 0.003
Euthamia graminifolia 35.6 0.0074
Rosa caralina 55.6 0.0086
Mélilotus alba * 36.3 0.0097
Krigia biflora 25 0.0109
Gentiana andrewsii 25 0.0116
Helianthus grosseseratus 39.4 0.0134
Rubus pensilvanicus 56.6 0.0163
Aster novae-angliae 27 0.0166
Juncus interior 24.6 0.0307
Cornus racemosa 63.1 0.0319
Prunella vulgaris v. elongata 53.2 0.0319
Gentiana alba 24.4 0.0354
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Table 2. continued

Prairie Old Field
Indicator Indicator

Species Value P Species Value P
Gentiana quinquefolia 23.6 0.0375

Poa pratensis* 51.4 0.0387

Bromus kalmii 18.7 0.0393

Asclepias tuberosa 18.7 0.0396

Liatrisaspera 18.7 0.0396

Ulmus americana 18.6 0.0399

Viola peditifida 28.1 0.0405

Medicago lupulina* 18.7 0.0412

Table 3. Shrub Importance values (1V) calculatednfall prairie and old field plots. IV was
calculated as the sum of relative frequency arativel density per 25fplot. Rhamnus

cathartica, Cornus racemosa, Lonicera X bella, Viburnum lentago, andRhamnus frangula were

the most important species regardless of commuypiy and together accounted for 87.82% and
82.22% of the IV in prairie and old field, respeety. Shrubs were defined as wood plants > 1m
tall with a DBH < 10cm.

All plots Prairie Old Field

Species % IV % IV % IV
Rhamnus cathartica * 38.67 41.62 37.44
Cornus racemosa 22.48 26.06 20.40
Lonicera X bella* 10.83 11.30 10.90
Viburnum lentago 7.58 471 9.08
Rhamnus frangula * 4.31 4.14 4.40
Crataegus pruinosa/coccinea 3.63 1.99 4.39
Prunusvirginiana 1.54 1.00 1.79
Vitisriparia 1.50 2.09 1.25
Cornus stolonifera 1.48 1.00 1.74
Zanthoxylum americanum 1.03 2.96 0.00
Crataegus sp. 0.92 0.00 1.31
Malusioensis 0.90 0.00 1.28
Crataegus calpodendron 0.66 0.00 0.96
Cornus obliqua 0.64 1.05 0.48
Viburnum opalus * 0.60 0.00 0.86
Crataegus punctata 0.59 0.00 0.83
Populus tremuloides 0.53 0.00 0.79
Amelanchier sanguinea 0.33 1.10 0.00
Rhus glabra 0.31 0.00 0.45
Crataegus mollis 0.29 0.00 0.42
Fraxinus pennsylvanica subintegerrim ~ 0.29 0.00 0.42
Malus pumila * 0.29 0.00 0.42
Prunus americana 0.29 0.00 0.42
Viburnum recognitum 0.29 1.00 0.00
M ean density / plot 57.24 60.31 55.55
Density / ha 22897.78 24125.00 22220.69
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Table 4. Tree importance values (IV) are calcda® the sum of relative density and basal
area. Trees were uncommon at the North ChicagteveMitigation site and occurred in only
4 out of 45 plots.

Species Basal Area/ ha Density / ha % IV
Populus deltoidies 7.52 50.02 40.83
Rhamnus cathartica * 1.00 75.02 19.11
Crataegus pruinosa/coccinea 0.52 50.02 12.13
Quercus macrocarpa 1.69 25.01 11.92
Acer negundo 0.81 37.51 10.81
Prunus serotina 0.66 12.50 5.20
12.20 250.08 100.00
mean tree density/200m? plot 5
mean tree spp./200m? plot 2.75
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Figure 5. Hierarchal cluster analysis using a Sssemlistance measure with a flexible Beta linka@2%). Results indicate two basic
groups of plots can be found at North Chicago Weltlislitigation site. In combination with field warkhese two communities were
determined to be prairie (red plots) and old figkdeen Plots). There were a total of 16 prair@pand 29 old field plots.
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Figure 6. Two dimensional NMS ordination of varedbhand plots categorized by community type thalaéxg@d 77% of the variation
in the original data. Final Kruskal stress wasl3@and final instability = 0.00001. The ordinatiwas rotated until Axis 1 explained
the most variation in variables. Variables incldig@thin the model and explaining the most variatom Axis 1 are % bare ground (r
= 0.83), % shrub canopy cover (r = 0.73), natieamess (r = -0.81), mean wetness coefficient (.54), and non-native richness (r =
-0.48). Shrub density was included within the midug excluded from the graphical ordination beeatigxplained little variance (r

<0.1) in the original data. Plot Pr 8 was remofrech the graphical depiction because it was idietias an outlier (> 2 standard
deviation from the mean).
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Chapter 3

Soil seed bank
Abstract
Questions - Does heat shock significantly alter the specesngnating from the seed bank? Is
the seed bank representative of the standing vieget the plot level? Is there any evidence
that refugia were responsible for the recolonizatbformer agricultural lands? If so, are there
differences in plant distributions based on th&pdrsal mechanisms?
L ocation — 65 ha tallgrass prairie and old field mosaithatNorth Chicago Wetland Mitigation
Site in Lake County, IL.
Methods — The vegetation and germinable seed bank werpledralong stratified transects to
determine composition. Similarity of species cosipon was compared between heat treated
and control soil seed bank samples germinatedis @n a greenhouse mist bench. Similarity
was determined using the Sgrensen similarity indearensen similarity also determined the
extent to which standing vegetation matched thd baek composition. To determine if prairie
remnants acted as refugia for the spread and @alboin of prairie species, prairie plants were
identified in the standing vegetation. They wdessified into dispersal categories (animal,
unassisted, water, wind) to evaluate patterns lointzation. Patterns of colonization were
determined by comparing species occurrence datadistance gradient to the nearest remnant.
Results — Heat shock had a variable effect on germinatibhspecies germinated only after heat
shock. Conversely, 8 species germinated exclysinghe unheated control. Seed banks
commonly had 1 to 2 species in common with thedstenvegetation. Of the 50 most common

species found in local remnants, only 6 were fourttie seed bank. Overall species richness,
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proportion of prairie species, and Floristic Qualitdex had no relationship with distance to
remnants.

Discussion — Heat shock has negative, positive and indiffeediects on the germination of
several native midwestern species. The extentiohamost North American grassland species
benefit from heat shock remains unknown. Thisidygests that it may be a significant factor
for only some species. Seed banks do not appgmotvide a refuge for prairie species because
few prairie specialists were present in the seadk b®ispersal types among species had no
relationship to distribution patterns at the stadg. One limitation of this study is the size of
the samples taken from the soil seed bank.

Conclusions — The study suggests that few species were fautitkiseed bank and there was
very little similarity between the species foundhe seed bank and the standing vegetation.
Possible causes of seed bank limitation are prgtatbibutable to the past history of rigorous
cultivation at the site and the recent historylolig encroachment. Results suggest that at least
some of the North Chicago Wetland Mitigation siewsld be supplemented with native
grassland seed because seed limitation may bérties factor determining local patterns of

species richness and composition.
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3.1 Introduction

This portion of the study represents a rapid @ssent of the state of the soil seed bank
to determine its potential role in the restoradihe vegetation at the North Chicago Wetland
Mitigation Site (NCWMS). It needs to be determiried extent to which the soil seed bank at
NCWMS provides a refugium for prairie species argkiler local prairie remnants provide
resources for recolonization. Refugia of plantcgggdiversity such as soil seed banks and
remnants can be vital to recovery of degraded mammunities. For example, soil seed banks
can provide a valuable resource for recolonizingthss following disturbance (Thompson and
Grime 1979) and local remnants may be sourcesolonizing species. Some community types
such as boreal forests have a rich seed bank inguxany species found in standing vegetation
(Grandstrom 1982). However, there has been ladsmse that soil seed banks provide this
resource in grasslands, particularly tallgrassrigréfbrams 1988).

Seed limitation has recently received a great deattention in the ecological literature
(Svenning and Wright 2005; Ehrlen et al. 2006; Ckret al. 2006; Stien et al 2008; Leng et al.
2009; Jacquemyn et al. 2010), and it could be #itaning factor to plant distribution patterns
at the site. The distributional patterns in bt $oil seed bank and the standing vegetation will
be scrutinized for patterns of seed limitation.e&bmitations may impose strict limits on habitat
recovery following disturbance, (Zobel et al. 20@@jsey and Polley 2003; Foster et al. 2007)
making seed banks and habitat remnants potenitiafigrtant components to restoration.

In addition to the removal of invasive shrubs anescribed fire, the management plan
for the site includes the application of nativesgtand seed to degraded areas. It needs to be

determined the extent to which this is necessatywarere augmentation may be most justified
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based on existing patterns and evidence for regov&y analyzing the seed bank and the
standing vegetation for distributional patterns aadience of limitation, the results of this
portion of the study could directly inform managernactivities at the site.

Site History

See Chapter 1.1 Site History
Seed Dispersal

Mechanisms of seed dispersal have been classifiedix dispersal categories (Thomsan
et al. 2010): wind, unassisted, water, ant, veatehingestion and vertebrate-attachment.
Dominant prairie vegetation seed dispersal typasbeacatagorized into the wind, unassisted,
water, vertebrate-ingestion and vertebrate-attachceegories. These categories were adapted
for this study by combining the two vertebrate gatees into the single animal assisted dispersal
category. Myrmecochory was not evaluated for thatgaxa used in this study, and was
excluded as a possible dispersal type becauseavwrkmyrmecochorous plants species are
known from NCWMS.

Study Questions

This study provides a rapid assessment of sedddaracteristics examining existing
patterns of species composition and diversity eddganks and standing vegetation for evidence
of species persistence in soil seed banks andizakton from prairie remnants into former
agricultural lands.

Question A - Is the seed bank representativeeo§thnding vegetation at the plots?

Prediction — Similar studies examining prairiedsbanks have found a poor correlation
between standing vegetation and seed banks.exjpiscted that similar results will be found in

this study.
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Question B - Does simulated fire (heat shock)ificantly alter the species germinating
from the seed bank?

Prediction — Heat will significantly affect bothe identity of species germinating and the
number of species germinating from the seed b#nk.possible that some species will be
unaffected by the heat treatment and will therefbr@ew no differences in germination between
treatments.

Question C - Is there any evidence that seed befogia were responsible for the
colonization of former agricultural lands?

Prediction — As suggested by the literature, tisbauld be little evidence that
characteristic grassland species are common isethé bank. The seed bank is expected to be
depauperate in general and lacking the most impiostzecies found in the standing vegetation
in the nearby prairie remnants.

Question D — What are the patterns of recoloronatelative to the remnants?

Prediction — Prairie plants present in the rensmaatonized the old agricultural fields
post agricultural use. Therefore species richiié®$, and proportion of species that are prairie
species per plot should be greatest near remnahis highest diversity should appear near
remnants and any landscape features that coulddmesacted as a windbreak or shelter in the
previously agricultural landscape.

Plants with water dispersed seeds will be the mesdticted category at the site because
it consists mostly of upland habitats. It is pbksthat water dispersed seeds will be locally
common to microhabitats, but it is unlikely tha¢yrwill be abundant throughout the non-
wetland habitats on site. Unassisted seeds sheullde most locally restricted seeds, second

only to water dispersing seeds. Animal disperdadtspecies are expected to occur throughout
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the site. Wind dispersed seeds, with their latgéase area relative to their weight, are expected

to be found throughout the site.

3.2 Methods

Sample Design

See Sample Design, Chapter 2.2.

Vegetation Sampling

See Vegetation Sampling Chapter 2.2
Soil sampling

Using a soil probe, five soil samples 2 cm in dééen and 15 cm in length were obtained
at each 5 X 5m plot, for a total soil volume of 884T. Samples were taken at the corners of
the plot and in the center, including one withieleground-layer sample quadrat. The low
number and volume of samples taken at each pletctehe intention to minimize disturbance
while providing a rapid assessment of the site twisccurrently undergoing restoration. Surface
debris such as twigs and leaves were removed fnersamples. Prairie reference plots were
excluded from the soils analysis. In 2009 soil gle® were collected from transects 1-6 and in
2010 soil samples were collected from transect®, dwever 2010 samples were excluded
from the analysis due to poor germination and @099 data were analyzed.

Collection of soil samples began in July 2009 anded by the end of that month.
Samples were collected at this time to avoid temsspecies in the seed bank that could
germinate soon after winter cold stratificatiorSoil samples were air-dried at room temperature
for two weeks. They were then cold stratified ¥ for one month and at°@ for an additional

month. Individual cores taken from the same pletenmixed to ensure a homogenized sample,
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and then divided evenly by weight into two treatiseheat treated and an unheated control.
Heat treated samples were warmed t&C8for a period of 10 minutes in a drying oven tomia
effects of grassland fires on surface soils, amdtisin the range tested by other studies (Herranz
et al. 1998; Hanley et al. 2001; Thomas et al. 2@@#n 2009). This temperature is also known
to break dormancy in hard seeded species (Keel@4)¥hd has an affect similar to fire on the
temperature of the near-surface soil (Herranz.t948; Hanley et al. 2001; Thomas et al.
2003). Samples were then spread on sterile medmpased of peat and vermiculite on a
greenhouse mist bench. Soil sample depth neveeeded 5Smm when placed over the sterile
media (30mm depth). Soil was kept moist but ndthyethe mist bench, which provided a 20
second mist every 5 minutes for a 2 hour interteattieig at 1 pm. Flats were rotated often to
lessen any bench effect. Flats remained underaidight conditions from the period beginning
in March, 2010. Control flats were placed randoomythe bench to assure that the soil was not
contaminated with seed, and no contamination weectézl in the control flats. Seedlings
remained in the flats until they were identifiedsfzecies. Unidentified flowering individuals
were removed and preserved for identification later time. After 5 months, it was assumed
the germinable seed bank was exhausted since nplaatg or taxa had emerged for several
weeks and the experiment was terminated.

Assignment to Dispersal Categories

The pattern of recolonization was assessed hypgng species together by dispersal
classes. The study concentrated on the 50 moghoomative species located within the prairie
reference plots, based on Importance Value (IV 2@0ative cover + relative abundance). Of
these, 37 species were selected that were pradeastonce in the transect plots. Table 5 lists

the life history and characteristics of the seedsfch species selected for the analysis. Plant
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species were categorized into one of four dispe&asalgories based on their fruit and or seed
morphology. Dispersal categories were unassistedgfavity), wind, water, and animal assisted
dispersal and were determined visually by the autsed on herbarium specimens.

Data Analysis

Question A — Results from seed bank treatmente w@mpared using the qualitative
Sgrensen similarity index (Sgrensen 1957) basqutesence-absence data for each species. The
method is based on the formula (2A)/(B+C) x 100 reh® is the number of species common
between treatments and B and C are the total nuailsgrecies in the treatments being
compared. Sgrensen’s index is a suitable sinyjilargasure because it retains sensitivity in
heterogeneous data and gives less weight to au{icCune and Grace 2002). Furthermore, a
Poisson distribution was used to determine whetiexe was a significant difference in the
mean number of species germinating between treasmecause of the discrete nature of the
data.

Question B — Sgrensen similarity index also waslus compare species occurring in the
seed bank to species occurring in the standingtagge. The analysis combined data from both
the control and the heat treatment for each plog¢poesent the total germinable seed bank.

Questions C and D —The distance from each platklwown remnant prairie was
measured with GIS, to 5 meter accuracy. Remnaatilins were determined from previous
vegetation surveys at the site (Figure 7). Thepékies with the highest importance values in
the prairie plots (Appendix 1) were selected fas Hnalysis. Patterns of selected prairie species
richness were compared to the distance of the sie@®nant to determine any relationships.
Additional relationships of distance to remnantsentested including proportion of species

richness of selected prairie species (specieseghaf select prairie species per plot / total
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species richness per plot) and Floristic Qualigeia (FQI). The relationship of seed bank and
standing vegetation similarity to distance werelesgd using linear regression. Binary Logistic
regression of presence-absence data for each 6Dtpeairie specialist species assessed the
probability that they occur near remnants. The BAfackage in the R statistical platform was
used for analysis and graphic production (R Develept Core Team 2009). A General Linear
Model was specified for each species and each diglgroup for separate analyses. Since data
could take on only two values (0 = absent, 1 =qmBsthe regression used a binomial

distribution with a “logit” link to determine thergbability.

3.3 Resaults

Question A — Does heat shock significantly alter the spegersninating from the seed
bank?

In all, 27 species were identified from the 21 samples, with each sample divided into
a control flat and a heat treatment flat (Table B)e average number of new species with each
additional sample unit does not near an asympstdite with 21 plots (Figure 8). Conversely,
the average similarity between plots increases dtigally until there is little distance between
plots. 12 species were present only once in tidystvhile six were present at least twice. 11
species (40%) germinated only in heat treated sssnhile 8 (30%) species were found only in
the control. The other 8 (30%) species were faartzbth treatment and control samples. On
average, species that germinated in both the terdtand control flats were more abundant than
those that only germinated in one or the othetrineat.

Treatments most frequently had little to no simiijabetween them (Figure 9). Seed flats

with high similarity suggest that the heat treattiead little to no effect on the species that
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germinated. Flats with little to no similarity ggest that a heat treatment had some effect. 11
out of 42 flats had no similarity between treatmemd control. There was a slightly higher
mean species density in control flats comparectti-treated flats but the difference was not
significant. Overall, there was a 15% increasthenumber of species that germinated in the
control when compared to the heat treatment.

Question B - Is the seed bank representative of the standiggtation at the plots?

Only 16 species were found that were presentih the soil seed bank and the standing
vegetation of individual sample plots (Table 7L%3of those species are non-native, and 25%
are annualsOxalis stricta was the most frequently found species in botlsthading vegetation
and the seed bank.

Overall, 16% of species in the standing vegetatrere found in the seed bank, and 89%
of species found in the seed bank were also foalle standing vegetation. Two species not
found in the vegetation sampling but identifiednfirthe seed bank weardamine cf.
pensylvanica andLeucospora multifida. 9 of the 27 species found in the seed bank were
consistently found in the local prairie remnanthjlev6 species were ranked among the top fifty
species in terms of importance values in prainerrants. However, the most abundant species
in the remnant prairies are absent from the seeH, lmacludingSchizachyrium scoparium,
Parthenium integrifolium, Sorghastrum nutans, Andropogon gerardii, andS1phium
ter ebinthinaceum.

Most frequently there was little similarity betwethe seed bank and standing vegetation
(Figure 10). There was no correlation between i8&&m® similarity index and species richness
per plot; however, the two plots lowest in richnkad no similarity between seed banks and

vegetation. The relationship between similarity achness is decidedly non-linear (Figure 11).
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This indicates an initial increase in Sgrensenlanity with increasing richness, then a
subsequent decrease in similarity with increaspeg®s richness.

Question C and D — Is there any evidence that seed bank refugia vesponsible for the
colonization of former agricultural lands? Wha #ne patterns of recolonization relative to the
remnants?

There was no significant relationship between &(droportion of prairie species and
the distance to the nearest remnant. In additionrelationship was identified between richness
within a dispersal category and distance to remn@he relationship between Sgrensen
similarity of standing vegetation to seed bank distince to the nearest remnant is not
significant. No individual prairie species hadgngicantly higher probability of occurring
nearer a remnandViola pedatifida, a prairie species, had a decreasing probabilibcourrence

further from remnants, and the pattern was neaghjifscant (P = .074).

3.4 Discussion

The significance of heat treatment

Multiple studies have shown that plant species witysical dormancy that are native to
fire-adapted ecosystems respond with increasedigation rates following heat shock
treatments (Auld 1986; Portlock et al. 1986; BA®0D9). Other aspect of fire, such as the smoke
and the chemicals it contains, may aid in the sgled dormancy and subsequently improve
germination rates (Jefferson et al. 2007; Moreiral.2010). Additional work suggests that the
frequency and intensity of fire may represent aificant effect on the germination rates of
several shrub species from southern Australianu(&€eal. 2010). Very few studies have

examined the role of heat shock on the germinaifdemperate grassland plants. Since prairies

44



are fire adapted ecosystems, it seems plausii&¢ad treatments may have an effect on the
germinable seed bank. For example, Bossuyt anadiof2008) found that heat shock
increased the richness and density of seed barkstudy of calcareous temperate grasslands.
Species affiliated with old field and prairie commities responded positively, negatively, and
indifferently to the effect of heat shock. Thespecies that germinated only in the heat treated
flats may have been positively affected by the tregtment, perhaps through the release of
dormancy. The eight species found to germinatg iornthe control flats were interpreted to be
negatively effected by the heat treatment, undeasumption that seed was distributed
randomly and evenly for each species within thepastaken from the site. No effect of heat
treatment was identified for an additional eight¢@ps that germinated in both heat treated flats
and control flats. Heat treatment resulted integaén of four species compared to control flats.
However, most of these species were found only andedo not represent a significant
treatment effect.

Seed bank vegetation comparison

The result of low similarity between species gemting in the soil seed bank and
vegetation sampled in plots is consistent with ograssland studies (Thompson and Grime
1979; Johnson and Anderson 1988; Perez et al. M&8icoll and Augspurger 2010); however,
the finding in this study was due primarily to lardifferences in species richness in the soil seed
bank and the standing vegetation. Only two spemesrring in the seed bank did not also occur
in the standing vegetation. This is uncommon, astrgrassland ecosystems have a much higher
proportion of species novel to the seed bank (Alsra888; McNicoll and Augspurger 2010).

This suggests that the seed bank at this site, tin@enimited sample volume in this study, appear

to be very species poor even when standing vegetathness is very high. One possible
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explanation for this is the combination of pastigation and recent and intense woody
encroachment on the site. Previous work has shibatrseed banks swiftly switch in
composition following shrub and tree encroachmenémperate grasslands (D’Souza and
Barnes 2008). In addition, most of the northerh diethe study area was cultivated in row crop
agriculture for a minimum of 30 years (Chaptenihjch may have been long enough to deplete
whatever native seed bank existed in the soil po@hrub invasion. Therefore the seed bank
may be impeded by shrub encroachment and its oinybeffects on grassland soil seed bank
maintenance.

Seed bank refugia

These results suggest that the soil seed bankadidct as a refuge for prairie species
following disturbance. This comes as no surp@aseprairie community dominants such as C4
grasses are often absent or low in abundance inepsail seed banks (Abrams 1988; Laughlin
2003; McNicoll and Augspurger 2010), and they tehavily on vegetative means for
maintaining dominance (Benson and Hartnett 2006 ¢lough they produce substantial
amounts of seed. Oftentimes, germinable seed lianksto be dominated by transient or
ruderal species in grassland communities, as wasifon this study.

There are several possible explanations for thd Bmitation observed in this study.

The probability of Type | error is high, since t@mple size for the seed bank work was
relatively small compared to other seed limitatstudies (Svenning and Wright 2005; Ehrlen et
al. 2006; Orrock et al. 2006; Stien et al 2008;d.-ehal. 2009; Jacquemyn et al. 2010), and may
not be representative of the heterogeneity anchess present within the soil seed bank at each
plot. As shown in the results, a species-areaecindicates that sampling has not yet identified

all species present within the seed bank. Addidignno seed addition or transplants were
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planted to rule out establishment limitation aagible limiting factor. As mentioned in the
introduction, this seed bank study was designedrapid assessment to inform managers of the
current state of the seed bank. Results wouldlbeamsed to aid in designing a seed mix and a
seed planting plan, including how many species shioel included, which species should be
included, and the rate of seeding. Since relatilrtle prairie specialist species were present
within the seed bank, seed augmentation with argépeairie mix is deemed to be prudent and
appropriate in some areas.
Colonization

Little spatial evidence was found to suggest ramhpatches of prairie significantly
contributed to the recolonization of the formallyitorated areas within the site. However, many
factors could account for the unexplained variandéis insignificant relationship as many
covariates such as soil moisture, soil type, andlloompetitive interactions are not accounted
for. Several uncommon prairie specialist specagbsdnscattered distribution across the site,
including Gentiana alba, Viola peditifida, Zizia aptera, Anemone cylindrica, Oenothera perennis
(state threatened®Iium cernuum, Asclepias purpurascens, Liatris aspera, L. spicata, Oxypolis
rigidior, Phlox pilosa, Rosa carolina, Rudbeckia hirta, Ratibita pinnata, Lobelia spicata,
Solidago juncea, Comandra umbellata, Hypoxis hirsuta, Ssyrinchium spp.,Veronicastrum
virginicum, Zizia aurea, Asclepias tuberosa, Aster ericoides, Monarda fistulosa, andCarex
pellita. It is possible that some prairie species ediateng the fencerows or the perimeter of
the agricultural disturbance, and were able tormakopen habitat after the disturbance ended.
This remains speculation as the exact layout agdtative composition of the fencerows were

not historically determined. Nevertheless, prantents dispersing from remnant patches
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scattered throughout portions of the site to caemreviously cultivated areas still remains the

most likely explanation, as soil seed banks wenadicto be poor refugia for prairie species.
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3.6 Tablesand Figures

Table 5. The 50 common prairie species organigedelscending rank order of IV data
calculated from plots within prairie remnants. Takle includes characteristics for selecting a
dispersal category and the resulting dispersafjoayefor each species. Prairie remnants ranged
from mesic to wet mesic and was composed of a rahgpecies.

Species \Y Characteristics Dispersal Category
Schizachyrium scoparium 13.47 | hairs Animal
Parthenium integrifolium 9.13 achene Unassisted
Sorghastrum nutans 7.75 hairs Animal
Andropogon gerardii 7.71 hairs Animal
Silphium terebinthinaceum 7.23 winged seeds Wind
Cornus racemosa 6.14 drupe Animal
Solidago juncea 5.40 pappus Wind

Allium cernuum 4.24 spherical seed Unassisted
Carex buxbaumii 4.18 perigynia Water, Unassisted
Helianthusrigidus 4.17 flattened seed Animal
Carex granularis 3.64 perigynia Water, Unassisted
Helianthus grosseserratus 3.25 pappus Wind

Rubus pensilvanicus 3.21 aggregate fruit Animal
Aster azureus 2.62 pappus Wind
Monarda fistulosa 2.57 small cylindrical Unassisted
Erigeron annuas 2.50 pappus Wind
Anemone virginiana 2.47 pappus Wind
Calamagrostis canadensis 2.44 small grain Unassisted
Rudbeckia hirta 2.42 small cylindrical Unassisted
Carex pellita 2.42 perigynia Water, Unassisted
Aster ericoides 241 pappus Wind
Potentilla simplex 2.28 rounded Unassisted
Solidago canadensis 211 pappus Wind
Lithospermum canescens 2.06 small ovoid Unassisted
Solidago rigida 2.01 pappus Wind
Antennaria neglecta 1.91 pappus Wind
Spartina pectinata 1.91 achenes with low viability  Animal
Ratibida pinnata 1.81 small cylindrical Unassisted
Dichanthelium villosissimum 1.73 oval grain Unassisted
Viola pratincola 1.73 round seed Unassisted
Fragaria virginiana 1.71 aggregate fruit Animal
Lespedeza capitata 1.67 small ovoid/reniform Unassisted
Pycnanthemum virginianum 1.56 small cylindrical Unassisted
Liatris cf spicata 1.54 pappus Wind

Geum aleppicum 1.45 hooked spur Animal
Rosa carolina 1.44 aggregate fruit Animal
Zizia aptera 1.43 small rounded Unassisted
Solidago gigantea 1.39 pappus Wind
Euthamia graminifolia 1.33 pappus Wind
Prunella vulgaris v. elongata 1.31 small rounded/ovoid Unassisted
Viola pedatifida 1.31 Small spherical Unassisted
Krigia biflora 1.30 pappus Wind
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Table 5 (cont.)

Species \Y Characteristics Dispersal Category
Vitisriparia 1.29 | berry Animal

Vicia americana 1.25 | spherical Unassisted
Hypoxis hirsuta 1.20 | small spherical Unassisted
Juncus tenuis 1.02 | small spherical Unassisted

Aster lateriflorus 0.98 | pappus Wind

Comandra umbellata 0.96 | berry Animal

Cacalia tuberosa 0.91 | pappus Wind

Galium obtusum 0.88 | small rounded Unassisted

Table 6. The 27 species found in the germinaldd dank, organized by the positive, negative,
or indifferent effect of heat treatment and thezaegyal habitat. A positive effect is defined as
the species germinating only in heat treatment®Negative effect is defined as species only
germinating in the control flats. An indiffererftext is when a species germinates in both heat
treatment and control flats. An asterisk denoteeranative species (N = 8) and a + indicates
that this species was one of the highest rankiegisp in terms of importance values in the local

remnant prairies (N = 7).

| Positive Negative Indifferent |
Ruderal Ruderal Ruderal
Cardamine cf. pensylvanica Taraxacum officinale* Juncus tenuis
Cerastium vulgare* Leucanthemum vulgare* Oxalis stricta

Carex granularis +
Dichanthelium implicatum
Lonicera X bella*

Solidago canadensis +

Hypericum perforatum*
Erigeron annuus+

Poa pratensis*
Rhamnus cathartica*

Prairie/Savanna

Prairie/Savanna

Prairie/Savanna

Lobelia spicata
Euthamia graminifolia +
Fragaria virginiana +

Juncus dudlyei
Solidago nemoralis
Potentilla simplex

Allium cernuum +
Rudbeckia hirta +

Carex blanda

Wetland Wetland Wetland
Glyceria striata Lythrum salicaria*

Lythrum alatum Leucospora multifida

56



Table 7. The number of times an individual spewias present in both the soil seed bank and

the standing vegetation of individual sample pléis.asterisk denotes a non-native species.
Species | N
Oxalis stricta
Poa pratensis*
Juncus tenuis
Taraxacum officionale*
Allium cernum
Cerastium vulagare*
Erigeron annuas
Leucanthemum vulgare*
Potentilla simplex
Rhamnus cathartica*
Rudbeckia hirta
Carex granularis
Fragaria virginiana
Lobelia spicata
Lonicera X bella*
Solidago canadensis
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Figure 7. Adapted from Taft et al 2010. Remnaatrps are indicated by the green polygons on
the map below. Transects are indicated by a stdick line, and the plots by green dots. In
general, remnants were spatially concentratedarstiuthern half of the site and no transect
samples were located within the boundary of a rethn@he inset to the right of the main figure

shows the plots sampled in the targeted remnantgza
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Figure 8. Species area curve of the soil seed aatile NCWMS. The total volume of soil
sampled is 4926¢in The Sgrensen distance measure was used toateltut distance between
subplots. Dashed lines represent the 95% confederterval around the data.
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Figure 9. Histogram of the Sgrensen index of simy (SIS) comparing the species
germinating in the heat treatment and control fldtglex was calculated as 2A / (B + C) X 100
where A is the number of species in common anddB&aare the number of species in each
respective sample, expressed as a percent. 1dHdtno similarity while 10 plots had > 22%
similarity.
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Figure 10. Histogram of the Sgrensen index of sintyl (SIS) comparing the soil seed bank to
the standing vegetation for each plot. Index wasutated as 2A / (B + C) X 100 were A is the
number of species in common and B and C are théauof species in each respective sample.
Two plots had no similarity between the soil seadkband the standing vegetation.
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Figure 11. Graphical representation of the retesiop between similarity and richness. The
relationship is strictly non-linear in nature. T3€and 4" (R? of 0.34 and 0.4 respectively)
order polynomials provide the most significantf.05) with the highest account of the
variance (blue line and red lines respectively).

0.250 -
.
.
0.200 -
2 0.150 -
3 - .
z o R * o
5 0100 \_,
. /"\
.
.
0.050 - * e e o \
.
0.000 e T T T T T 1
0 10 20 30 40 50 60
Richness of the standing vegetation

60



Chapter 4

Inferred patternsof functional group attrition in shrub encroached tallgrassprairie

Abstract

Introduction: The purpose of this study was to determine whatbarandom ordered patterns
of plant functional group losses could be deteet#l increasing woody invasion in native
grassland habitats. Additionally the study soughtientify the relationship between diversity,
richness, evenness, and dominance within the viegeta shrub canopy cover. Functional
groups are species assemblages with shared chatiesehat include factors such as
morphology, ecophysiology, ecological roles, resewrse, or response to disturbance.
Questions: What is the relationship between functional gyupchness, diversity, dominance,
and evenness to shrub canopy cover? Are pattéfoaaional group cover and richness
associated with particular classes of shrub camwopgr? Are there ordered patterns of functional
group losses in shrub encroached tallgrass prairie?

L ocation: Tallgrass prairie and old field mosaic at the thaZhicago Wetland Mitigation Site in
Lake County, lllinois.

Methods: Ground layer and shrub canopy data were collieftten 45 sample plots including

37 located on stratified transects and eight latea@domly in high-quality reference prairie
habitat. Species data were converted to plantifuma groups based on species traits. The
relationships between functional group richness@ardent cover and shrub canopy cover were
examined with linear regression. The associatirt®ver and richness of particular functional
groups to shrub canopy cover classes were detedmaiite discriminant analysis. Differences of

functional group cover and richness among canopgrcolasses were tested with ANOVA
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followed by Tukey post-hoc tests. Nonmetric Mulaénsional Scaling (NMS) was used to
graphically illustrate patterns of functional groagsociation among canopy cover classes.
Results: Species diversity and richness are indirectlgitesl to percent shrub cover while species
dominance was directly related to shrub cover.c&drcover of the ground layer is inversely
correlated with shrub canopy cover. Cover andwesis of C4 grass, perennial legume, perennial
forb, perennial sedge, and annual forb functiomaligs follow ordered decline with increasing
shrub canopy cover and differences among canopgradasses were significant. NMS

provides a graphical summary indicating functiogr@aups most commonly dominant in prairie
communities are associated with low canopy covetsgtompared with closed canopy plots.
Conclusions: The results indicate that shrub canopy coverctdfgrassland diversity patterns

and highlights ordered patterns of loss in the cavel richness of plant functional groups that
can be used as a guideline to evaluate sites unidgrghrub encroachment. These results have

important management implications for restoratiod management of grassland ecosystems.
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4.1 Introduction

The main research questions | am exploring invdetermining whether ordered
patterns of change can be detected in prairie aparid particularly plant functional groups that
correspond to degree of encroachment by woody epe&uch results should help interpret site
conditions at prairies where shrub encroachmenbbesrred to provide a framework for
restoration and recovery potential. To explores¢hguestions, this study concentrates on the
patterns of shrub and small tree invasion into naitallgrass prairie) and semi-natural (old
field with prairie species) grasslands at a 65haaiwoof prairie, old field, and wetlands in
northeastern lllinois that has been invaded byweand adventive woody species.

Recent history has seen shrub abundance increasgcsintly in savanna and grassland
communities around the world (Bragg and Hurlbe@@Xnight et al. 1994; Archer et al. 1995;
Wilson and Kleb 1996; McPherson 1997; Hoch and d&i$y999; Brown and Archer 1999; Price
and Morgan 2008). Shrub encroachment effects immWeded reduced richness in the
herbaceous layer (Lett and Knapp 2005; Price andgd02008), reduced annual net primary
productivity of dominant C4 prairie flora (Heisler al. 2004), and reductions in biomass and
density of herbaceous vegetation (Brown and Ardl9&9). The postulated causes of shrub
encroachment include repressed fire (Gibson anteé#ull987), climate change (Archer et al.
2001), disturbance (Schlesinger et al. 1990) andigg (Van Auken 2000; Briggs et al. 2005).

Changes associated with woody encroachment irslgrasg habitats can be likened to a
pattern of community disassembly. Zavaleta ef28l09) define community disassembly as the
nonrandom process of progressive species lossextithel and predict that interacting traits and
ecological drivers cause the non-random declinel@sglof species. Individual species traits

make them vulnerable to the effects of the drideectly causing a reduction or loss of the
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vulnerable species. Many traits have been shovimctease vulnerability in certain species of
plants such as characteristics of geographic ré8gkai et al. 2002; Williams et al. 2005),
demography (Duncan and Young 2000; Turner et &6 9henotype (Duncan and Young
2000; Leach and Givnish 1996), life history (Walked Preston 2006; Sakai et al. 2002), and
taxonomy (Schwartz and Simberloff 2001). Causesubtferability are mostly but not
exclusively anthropogenic in nature and includeitaablestruction, biological invasion, and
climate change in addition to stochastic eventvé¢ida et al. 2009).

It is essential to understand how compositiondimdrsity of grassland habitats are
effected by woody encroachment, so that the inftionaan be used in restoration and
rehabilitation of these once extensive grasslaitdis. Plant functional groups, defined below,
will be used in this study to help connect plaait§rto variation in structure and diversity with
woody encroachment of natural and semi-naturalstpads.

Plant Functional Groups

Functional groups are species assemblages witedbharacteristics, and can include
factors such as morphology, ecophysiology, ecoldgimes, resource use, or response to
disturbance (Symstad 2002). Functional group reeare increasingly being used in ecological
studies to explore new aspects of plant communities example, functional group density
discriminated between prairies of differing qualityllinois (Sivicek and Taft 2011). In
addition, functional group removal studies havenaixad the role functional groups play in
determining abiotic ecosystem properties and tbevtjr response of remaining functional
groups (McLaren and Turkington 2010). Furthermetedies have examined the effects of

graminoid and woody invaders on native plant fuorai groups (Mason et al. 2009).

Site History

64



See Chapter 1.1, Site History.

Study Questions

The purpose of this study was to determine whatbarandom ordered patterns of
species and plant functional group losses coulddbected with increasing woody invasion in
native grassland habitats.

Question A — What is the relationship between shrub canopgicand: a) species
diversity patterns, b) functional group richnesd aphfunctional group cover?

Prediction — Studies examining shrub encroachnmetatlgrass prairie have noted
dramatic declines in herbaceous diversity (Browth Archer 1999; Lett and Knapp 2005; Price
and Morgan 2008) with increasing shrub canopy cov@redict ground layer richness and
cover will have a negative relationship with shoaimopy cover. Conversely, low shrub canopy
cover will correspond to increased richness anecawthin functional groups.

Question B - Are particular classes of shrub canopy coven@ased with patterns of
functional group cover and richness?

Prediction — Overall, plots with intermediate llsvef canopy cover may have greater
richness than open plots, as shade intolerantepeompete with shade tolerant ones. However,
as canopy cover increases, shade intolerant spettieventually be competitively displaced.

The characteristic C4 grasses that are amongotméndnt species in tallgrass prairie
communities in the Midwest are adapted to full-sanditions and decline in abundance with
increasing shade (Heisler et al. 2004). It is jpted that C4 grass cover would be a good
predictor and is expected to decline with incregsianopy cover. In addition to C4 grasses, |
predict that C3 grasses, perennial prairie forbd,@erennial legumes will be reliable indicators

for distinguishing canopy cover classes. Basefiaith observations, these three functional
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groups were absent or occurred in suppressed, diivéncondition when present beneath a
dense shrub canopy. Annual forbs, annual leguarekbiennial forbs are predicted to
contribute little to the separation of canopy coslasses because of their sporadic and primarily
ruderal lifestyle. Ferns, trees, and vines alegpaedicted to be neutral with regard to woody
encroachment because of their uncommon and spatesditbution across the site. Shrubs (< 1
m tall) occurred in almost every ground layer sagbt; consequently, the pattern of total
shrub cover is expected to be indifferent to thgrele of overstory shrub cover. To summarize,
perennial forbs, perennial legumes (nitrogen fixioidps), C4 grasses, and C3 grasses are
predicted to be the most reliable predictors obpgrcover classes.

Question C — Are there ordered patterns of functional graagsés in shrub encroached
tallgrass prairie?

Prediction — Because this site is a grasslanddtaibagment isolated from woodland or
forest habitats, there should be few shade-tolesja@ties to replace lost or declining prairie
species leading to the expected patterns of atirdf plant functional groups. Consequently,
functional groups except shade-tolerant shrubSemd are expected to decrease in cover
individualistically with increasing shrub canopyveo, with some groups unable to persist under
the greatest shrub canopy cover. It is expectadntiost functional groups also will decrease in
richness individualistically with increasing shredgnopy cover. ldentifying whether an ordered
pattern of attrition of functional group cover amchness occurs may help determine site

restoration potential.

4.2 Methods

Sample Design
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See Sample Design, Chapter 2.2.

Vegetation Sampling

See Vegetation Sampling Chapter 2.2

Assignment of Functional Groups

Species were assigned to the following plant fionetl groups based on growth form, life
history, ecophysiology, and taxonomy: annual farmual legume, biennial forb, fern, perennial
forb, perennial legume, perennial sedge, shrub, &ted vine. Similar groups were followed by
Kindsher and Wells (1995) and Sivicek and Taft @01However, in the current study, no
differentiation was made between native and noweaioups See Appendix A for a full
listing of species and their corresponding funciagroup.

Canopy Cover Classes

Data on canopy cover were collected using aaligamera oriented vertically at about
70 cm height using a hemispherical lens. Images @&eralyzed with HemiView analytical
software (Ver. 2.1 SR2). A lens tube was use@strict canopy image to an area roughly the
size of the shrub plot (25%n Percent canopy cover was determined by subtigitie
calculated value from each plot for total percasibke sky from 100. These canopy cover data
were used to construct classes of canopy covegdcn plot. The classes were constructed as
increments of 25% canopy cover: 1 (0-25%), 2 (2%h® (50-75%), 4 (75%-100%). Canopy
cover classification has been used for other p@pssch as studies of oak regeneration (Stan et
al. 2006) in forests or for community classificatiwhite and Madany 1978).
Data Analysis

Question A — The relationship between % shrub pgrover (100 - % percent visible

sky) and measures of species diversity (specibsegs, dominance, evenness, and Shannon-
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Weiner index) were examined with correlation analy$-unctional group richness and ground
layer cover were regressed against % shrub carmmyr to asses the relationship between the
variables. Differences in ground layer cover dre@number of functional groups among shrub
canopy cover classes were assessed with ANOVA.

Question B — Complete and automatic forward stgpgdiscriminant analysis were used
to determine the differences between classes ajpyacover, and to determine which functional
groups best discriminated between canopy covese&tasCover and richness per functional
group were used as dependent variables in sepmralgses. Canopy cover classes, described
above, were used as the grouping variable. Frtive statistics determined the relative
importance of functional groups separating canapiecclasses. The forward stepping analysis
used variables with default 0.15 probability toegrihe model. A between-groups F-matrix was
used to determine the similarity among canopy colagses based on the dependant variable
used. For each pair of groups, these F-statigg&tshe equality of group means and are
proportional to distance measures. A separate AN@%s used for each functional group to
determine the differences of its mean cover andhmieaness among shrub canopy cover
classes. Tukey post-hoc tests determined whicimswéhin each shrub category differed
significantly and the probability was corrected fioultiple comparisons with the Bonferroni
correction (0.05/n where n = the number of compas$. All discriminant analysis and
ANOVA were performed with SYSTAT ver 9 (SPSS 1998).

Question C — Proportions of functional groups bgub cover class were examined
graphically in Excel to characterize the basic cedeatterns. Nonmetric Multidimensional
Scaling (NMS) was used with a Sgrensen distancsuneato graphically represent the observed

community structure and to further assess theioalkship between canopy cover classes and
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functional group richness and cover. NMS was dseds independence from species response
models, optimal graphical representation of comiyunelationships, and its preservation of the
order of among-sample dissimilarities in the rarndkeo of distances (Kruskal 1964; Mather
1976; Clarke 1993; McCune & Grace 2002). Plots wexe highly dissimilar to others

(standard deviation from the mean calculated destari all plots > 2.3, < 3) were detected by
outlier analysis in PC-ORD (McCune & Mefford 1998)d were excluded. Using a random
starting configuration, NMS was run in autopilotaeo comparing 40 runs with real data from
one to six dimensions. A Monte Carlo test with &0domized runs was performed to assess
whether resulting axes significantly reduced maress than expected by chance. Correlations

between ordination axes and variables were evalugtd’earson’s correlation coefficient (r).

4.3 Results

Question A — What is the relationship between Blwanopy cover and: a) species
diversity patterns, b) functional group richnesd aphfunctional group cover?

Percent shrub canopy cover was negatively coe@haith species richness and
Shannon-Weiner Diversity index, positively correthivith Dominance (P < 0.05), and had no
correlation with Evenness. The correlation witle best fit was between species richness and
percent canopy cover (Figure 12).

Total ground layer cover decreases significanitiwcreasing shrub canopy cover
(Figure 13). Regression of individual functionabgp cover shows a significant decline in
annual forbs, perennial forbs, perennial legumesl-season grasses, warm-season grasses, and
perennial sedges (Table 8). Richness significatelylines with increasing canopy cover in the

C4 grasses, perennial legumes, perennial forbsC8mgrasses (Table 9). Conversely, vine
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richness significantly increases with increasingaggy cover. Ground layer cover of all
functional groups decreases significantly withia third and fourth canopy cover classes (Figure
14). Furthermore, there is a reduction in the nreanber of functional groups within the third
and fourth shrub canopy cover classes; howevediffexences are not significant (Figure 15).

Question B - Are particular classes of shrub canopy coven@ated with patterns of
functional group cover and richness?

Discriminant analysis indicates that canopy calasses one and four are the most
different from one another based on both functigmauip ground-layer cover (Table 10) and
functional group richness (Table 11). Additionaltanopy cover classes three and four are the
most similar to one another based on both funckigraup ground layer cover and functional
group richness.

Discriminant analysis using functional group grduayer cover data indicated that
perennial forbs, perennial legumes, perennial sedgeual forbs, annual legumes, biennial
forbs, and ferns were the variables that bestmdjatshed between shrub canopy cover classes
(Table 12). Additional analysis incorporating ftinoal group richness data suggests that C4
grasses, perennial forbs, and annual forbs werablas that best separated between cover
classes (Table 13). Warm-season grass richnesthe/@ariable that best separated the shrub
canopy cover classes relative to the other vasabléhe model.

ANOVA of the individual functional groups indicat¢hat ground-layer cover of
functional groups decreases with increasing shamogy cover classes in annual forbs,
perennial forbs, perennial legumes, C3 grassegr&askes, and sedges (Figure 16). Though not
statistically significant (P < .05), ground lay@ver of vines and ferns is greater in the higher

shrub canopy cover classes. Mean richness witith eanopy cover class is significantly
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different for select groups (Figure 17). Perenfodbs, perennial legumes, and C4 grasses show
an overall significant decrease in richness forttigla shrub canopy cover classes. Vines show
the opposite pattern and increase in richnessindtteasing shrub canopy cover class.

Question C — Are there ordered patterns of funetigroup losses in shrub encroached
tallgrass prairie?

Ordered patterns among functional groups and caooyer classes (Table 14, Figure
18) indicate that perennial forbs, C4 grassessadges are the most dominant functional groups
in low canopy cover classes. At higher canopy celasses, the ground vegetation layer is
dominated by shrub seedlings and saplings, in iatdid C3 grasses and vines.

The NMS ordination shows ground layer cover ofgtasses, perennial legumes,
perennial sedges, and annual legumes groups classbgiated with plots under 50% shrub
canopy cover (Figure 19). Perennial forbs and ahfaubs tend to associate with a decrease in
canopy cover but are plotted in intermediate sp@oause they occur in lower light situations as
well. Fern, biennial forb, shrub and tree covemduates the plots in denser shade. Vines were
more often present in the plots with highest canapyer. Outlying plots such as 9E and 5E
represent communities that were dissimilar from tnotisers samples. Plots 9E and 5E are
different from all other plots but similar to oneather. They had very high canopy cover with
low ground layer cover, native richness, and ndti@e. As a result of their dissimilarity, the
plots 5E and 8E were removed from the graphicahattbn following outlier analysis in
PCORD (McCune and Mefford 1999). The first axigresents 84% of the proportion of
variance, based on thebetween distance in the ordination space andrdisti the original
space. The second axis represents 7%, for acfo®dl% of variance represented by the

ordination axes
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The same general patterns observed in the catarordination using NMS can be seen
in the ordination based on the richness of funetignoups (Figure 20). The plots lowest in
richness are 8E, 9E, 5E, and 1A. As a result gipdsts were excluded from the ordination
following the procedure for outlier analysis in PRD (McCune and Mefford 1999). An
interesting result of this ordination is that Préups well with other prairie plots, even though it
falls in canopy cover class 3 (50-75% shade). PiB8tgroups with high canopy cover plots
because of its low richness, even though the plogpresentative of a high quality wet prairie
habitat and has relatively little canopy cover {#6) compared to plots with similar species
richness. The first axis represents 86% of th@gntion of variance, based on théliRtween
distance in the ordination space and distancegtotiginal space. The second axis represents
12% of the variance, for a cumulative total of 98¥ariable and functional group correlations

with ordination axes can be found in Table 15 (cpaed Table 16 (species richness).

4.4 Discussion

Functional groups

Functional group data were utilized in this sttmlyinderstand their relationship to
canopy cover and whether there were patterns diheeelated to increasing woody
encroachment that might suggest loss of ecosysiantibns with fire absence. Selective or
complete loss of species within these groups vaMenlasting effects on community structure
and function (Hooper and Vitousek 1997). The afsinctionally unique species will likely
affect ecosystem functioning because there is poigp that can fill its role in the community
(Walker 1995; Tilman et al. 1997).

Functional Group Patterns
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The discriminant analysis results indicate thangjes in perennial forb cover were
largely responsible for discriminating between ¢haopy cover classes, and that several other
functional groups such as perennial legumes, paksedges, annual forbs, annual legumes,
biennial forbs, and ferns contributed to a lessgree. Furthermore results of the discriminant
analysis suggest that percent cover of functionaligs in plots with 0-25% canopy cover is
most different from cover values in plots with 780% cover. This indicates that plants
underneath a dense shrub canopy will likely hageiscantly reduced cover compared to those
underneath sparse shrub cover. The result ofribarlregression reinforces these conclusions.
Linear regression shows a significant decline wmec@nd richness for many of the functional
groups with increasing shrub canopy cover, inclgdire dominant warm season native grasses
and perennial forbs of the prairie. Changes irctiomal group importance values among canopy
cover classes illuminate further patterns of assagabchanges. Shrubs replaced perennial forbs
as the dominant functional group in the grounddatentermediate levels of shrub canopy
cover (< 50% canopy cover). Additionally, C4 gessand perennial legumes decreased in rank
IV and were replaced by C3 grasses and vines abtemenediate levels of canopy cover (>
50%). C4 grasses and perennial legumes weredkeiteportant species in the ranked IV of
functional groups in high canopy cover (>50% canogyer). Other studies also found grass
and perennial forb (including legumes) functionalgps to decrease in richness with increasing
woody invasion (Mason et al. 2009).

Many individual species contributed to the obsdrvariance in the relationships
between functional group metrics and shrub canopgic The number of species within each
functional group was not equal. As a result, stumetional group patterns represented the

averaged response among many species. Othersyé&owere dominated by the response of a
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handful of species. In the case of the annual faurbstional groupMedicago lupulina* was the
only species present within the sampled area.hBurtore, only two fern/fern ally species,
Botrychium dissectum andEquisetum arvense, were recorded in the sample data. The
importance of individual species depended largalyhe habitat for the other functional groups.
For instance, the annual forBeantago rugelii, Ranunculus recurvatus andDianthus armeria*
were common in the old field community whiBentianella quinquefolia, Castillgja coccinea,
andDianthus armeria* were common in the prairie. The C3 grasdgostis alba*, Danthonia
spicata, andDichanthelium oligosanthes were important in the old field whil&grostis alba*,
Poa pratensis*, andPoa compressa* were important in the prairie plots. Dominant bédd
forbs includedRatibida pinnata, Allium cernuum, Lobelia spicata, Aster drummondii, and
Fragariavirginiana. Dominant forbs in the prairie community wé&aidago juncea, Slphium
terebinthinaceum, Parthenium integrifolium, Fragaria virginiana, andRatibida pinnata.
Important sedges within the old field community @€arex granularis, C. stricta, andC.
umbellata. Dominant sedges in the prairie community wéaeex pellita, C. granularis, andC.
buxbaumii. Important shrubs includéghamnus cathartica*, Cornus racemosa, andRubus
pensilvanicus in the prairie community an@orylus americana, Viburnum lentago, andRhamnus
cathartica* in the old field plots. Common trees wéeataegus sp. (seedlingsRrunus
americana, andFraxinus pennsylvanica subintegerrima in the prairie plots an@rataegus
mollis, Prunus americana, Amelanchier cf. arborea in the old field plots. Some species were
important regardless of the habitat. For exantplemost important species of the biennial forb
functional group wer#lelilotus alba*, Erigeron annuus, andDaucus carota* in both the old
field and prairie.Spartina pectinata, Andropogon gerardii, andSchizachyrium scoparium were

the most important C4 grasses in the old fieldgoletile Schizachyrium scoparium, Andropogon
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gerardii, andSorghastrum nutans were important in the prairie plots. AdditionalWtisriparia
was the most important vine in both community typ&ke only other vine that occurred in the
prairie wasParthenocissus quinquefolia. The latter vine species was more common in kthe 0
field plots compared to the prairie plots.

Stressor(s)

Stressor is the driving force behind disassembillgizva contingent community (Zaveleta
et al. 2009). When a stressor interacts with aenable species, the result is the non-random
decline and loss of species. The environment sading the study area may provide several
stressors common to many prairie communities. 1Bélarge-scale housing developments and
industrial centers have recently (in the past 3fs)daeen built surrounding the site. Changes in
runoff patterns to and from the site could alter wWater table, changing the resource availability
of the surrounding environment, but this remainested. Agricultural fields and a state road to
the north provide additional stressors, such asffisedimentation and edge effects (Koper et al.
2010). The most noticeable and documented chédwgesver, is the recent colonization of the
site by two invasive shrub species: the na@eenus racemosa, and non-nativ&hamnus
cathartica. Comparisons to previous studies at the sitec{féloet al. 1996) indicate a three fold
increase in shrub density per hectare over a 14pa#od (Taft et al. 2010). Aerial photos from
the 1980’s and land survey records from the 18@@ran 1976) show little to no shrub
presence. This indicates that shrubs, particuRrbathartica, are a possible stressor at the site.
Briggs et al. (2002) showed thamiperus virginiana expansions into Midwest grasslands
drastically reduced diversity and shifted dominafioen C4 grasses to C3 plants. Many Prairie
plants are inhibited by the shade from litter ((b&lidy and Wemer 1983), and their seedling

survivorship often correlate strongly with availatight (Jurik and Pleasants 1990). The
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primary cause of increased shrub density at ttedigely is fire absence. Fire suppression in
grasslands can lead to a closed canopy forestlitilass 35 years (Hoch and Briggs 1999)
Additionally, secondary compounds in the tissueR.@hthartica may play a role in its spread
across the site (see complete review in Knight.edG®07). Emodin, a secondary compound
produced in the roots, leaves, bark, and fruR.afathartica, may deter insects and other
herbivores from eating leaves, bark, and fruitigebplants from pathogens at high light levels,
have allelopathic effects on nearby plants, affedtmicroorganisms, and affect fruit
consumption by birds (Izhaki 2002).

Disassembly Patterns

A non-random decline and loss of species was wbden the tallgrass prairie
community. Ground layer cover consistently decedascross the site for several functional
groups, with increasing shrub canopy cover. Grdagdr shrub cover (shrubs < 1m in height)
had no relationship to the amount of canopy comed, was fairly consistent throughout the
study. Seedlings d®hamnus cathartica were observed in nearly every plot, in addition to
several other species of shrub. The consisterdly density of shrub seedlings and saplings in
the ground layer (< 1m) suggests that shrubs wiitioue to be a dominant member of the plant
community. Shrub canopy cover was greatest irsplath low stem density while stem density
tended to be greatest in plots with low percenppsrcover. These latter areas represent
recently invaded open prairie, as there were aftearfed prairie plants present in these
guadrats. There was an initial increase in spewhsaess with intermediate levels of canopy
cover. As the community switches from open prawishrubland, some species adapted to both

habitats will commingle until one community out qoetes the otherR. cathartica occasionally
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formed nearly monotypic stands with dwarfed praplents in the ground layer. The ground
layer was mostly bare in this old field communityth < 5 species per quadrat and < 1% cover.

Community and ecosystem level effects

Many functional groups were lost at the highegele of canopy cover. This loss of
functional diversity may have profound affects aosystem functioning and structure. The
drastic reduction in perennial nitrogen fixers, @dsses, and annual forbs could lead to a loss of
these unique functional roles in the local commun#nalysis of the seed bank indicated that
many of the unique prairie specialist species wetdound (Chapter 3). Other species of plants
and animals may depend on those groups in the émsaélonment and their absence could lead
to a cascading affect up the trophic levels.

The drastic reduction in ground layer cover mayehsignificant effects on the overall
productivity of the landscape, and its ability tgpport diverse flora and fauna. Lett et al (2004)
found that annual net primary productivity (ANPR)shrub dominated ecosystems was three
times higher than that found in adjacent grassladailitionally, shrubs were found to displace
native grasses (Heisler et al 2004) by reducing &&PP. However, traditional measures of
productivity determine very little about diverspgtterns, and if the interest is in biodiversity,
ANPP may be insensitive to changes that lead tmalia losses.

Restoration

Early in 2010, large scale restoration began ersite. Assuming that the increased
shrub density was responsible for the loss of ggeonanagers at the site removed a significant
proportion of all woody species occurring at the ¢raft and Kron 2011). Initial removal was
associated with slight declines in species richa@sscover, but the results were not significant.

Shrub removal may eventually lead to new probleMany new niches will now be open,
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allowing quickly colonizing ruderal and invasiveesges to dominate the site for the near future,
until a burning regime can be established. Preedriire was identified as an additional
management tool, but was not implemented immedgiatelsufficient fuel loads under dense
shrub cover may have been partially to blame. dxample, leaf litter fronRR. cathartica breaks
down quickly because of its high nitrogen contétgrieghan et al. 2002). In addition, other
litter types break down faster when combined WRtleathartica litter (Heneghan et al. 2002).

In order for this study to be informative for @sttion, we need to look at the patterns of
disassembly and attempt to reverse species loagerBareas left after shrub removal can be
reseeded proportional to the functional group I\¥thiea remnant plots, when corrected for
individual species’ germination rates and any pgapecies found to be present in the seed
bank. Seed bank analysis from the previous chaptehelp to guide the content of the seed
mixes, replacing dominant species that are nowrdlfsem both the vegetation and the soill
germinable seed bank. Eventually, establishedisgsdand maturing plants will provide the
fuel necessary for prescribed burns that have dengpial to deter future shrub invasion at the

site.
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4.6 Figures

Figure 12. Correlations between percent visibleaiy a) species richness, b) dominance, c)
Shannon-Weiner Diversity, and d) Evenness. Altaations are significant (P < .05) except for
evenness (P > .05). Ellipses are 95% confidenesvals on the centroid of sample means.

a)50|||||||||b)1-0|||||||||
=-0.51 09 r=0.44 o —
SU ] 0.8F .
2 ’ 0.7 o
© 40 © o
§ o % 0.6 1
T 30 ° £ 0.5 =
3 e
S 8 0.4
8 20+
7] 0.3+
1oL _ 0.2
° 01fF o 8o
0 | | | | | | | | | 0.0 | | |
0O 10 20 30 40 50 60 70 80 90 100 "0 10 20 30 40 50 60 70 80 90 100
Percent Canopy Cover Percent Canopy Cover
C)4|||| T 1 d)1-0|||||||||
0.9+
o)
© 3r o
S | o oo 0.8
() oL c | o© ©
; c 0.7 o
< g
o w
= 0.6
g 4L )
(/_) )
e 0.5 0% o ]
ob—— 1 1+ 1 o4l 11111
0 10 20 30 40 50 60 70 80 90 100 "0 10 20 30 40 50 60 70 80 90 100
Percent Canopy Cover Percent Canopy Cover

85



Figure 13. The relationship between percent grdayer cover and percent shrub canopy cover.
Large values of ground layer cover are due to telapping nature of the vegetation on a
guadrat level basis. Shrub cover derived from Néew digital canopy analyzer software and
calculated as 100-% visible sky.
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Figure 14. Results from an ANOVA of the total grddayer cover per plot within each shrub
canopy cover class. Large values of cover arealtige overlapping nature of the vegetation on
a quadrat level basis. Results are significant (F0001), and indicate a reduction in the mean
ground layer cover in the higher canopy cover easShrub canopy cover classes are 1 (0-25%
shrub canopy cover), 2 (25-50% shrub canopy co8g§0-75% shrub canopy cover), and 4
(75-100% shrub canopy cover).
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Figure 15. Results from an ANOVA of the numberuwidtional groups within each shrub
canopy cover class. Results are not significant (F089). After an initial increase in the
number of functional groups, there is a reductiothe mean number of functional groups per
increasing shrub canopy cover class. Shrub caocoysr classes are 1 (0-25% shrub canopy
cover), 2 (25-50% shrub canopy cover), 3 (50-75%lsleanopy cover), and 4 (75-100% shrub
canopy cover).
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Figure 16. Average cover of each functional groapganopy cover class. . Large values of
cover are due to the overlapping nature of the tatig;e on a quadrat level basis. Error bars
represent standard error. Letters indicate staliddifferences among shrub canopy cover
classes based on separate ANOVA tests for eactidnatgroup (corrected for multiple
comparisons, alphaR < 0.0042). Cover decreases with increasing sbamopy cover classes

in annual forbs, perennial forbs, perennial legun@&sgrasses, C4 grasses, and sedges. Legend
refers to percent canopy cover (100 - % visible sky
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Figure 17. Average richness of each functional gnoer canopy cover class. Error bars
represent standard error. Letters indicate staliddifferences among shrub canopy cover
classes based on separate ANOVA tests for eactidnatgroup (corrected for multiple
comparisons, alphaR < 0.0042). Perennial forbs, perennial legumed,@ grasses show an
overall significant decrease in richness with rsbhub canopy cover classes. Vines show the
opposite pattern and increase with increasing sbamopy cover. Legend refers to percent
canopy cover (100 - % visible sky).
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Figure 18. The IV for each functional group iswhaelative to the IV it contributes to each
canopy cover class. The x-axis is then sortedhbl¢ descending order. For example, C4
grasses contribute the most of their total IV witthe first class. In fact, they have the highest
relative 1V in the first canopy cover class of dagictional group. Conversely, C4 grasses
contribute least to the IV of thé'€anopy cover class, relative to the other classEmtributes

to. This method gives weight to rare species.cdl¢ulated as relative cover + relative
frequency. The Legend represents shrub canopy ctagses 1 (0-25% shrub canopy cover), 2
(25-50% shrub canopy cover), 3 (50-75% shrub camopgr), and 4 (75-100% shrub canopy
cover).
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Figure 19. NMS ordination of functional group codata with correlation to environmental variabl€nal Kruskal stress was 8.871
for the 2-dimensional solution. Final instabilsas <0.0001 based on 40 iterations. The solutias netated so that the first axis
explained a majority of the variance (83%). Twoissvmental variables (Non-Native Richness and Siyebsity) were not pictured
because they did not meet the correlation cuto#f @10, see Table 19). Red vectors portray thetadion of an environmental
variable with the richness data. The relative feraf the vector indicates how much variance idarpd in the correlation between
the vector and the plot data. The legend descillech canopy cover class the plots belong to Q%= 25% shrub canopy cover, 2

= 25% to 50% shrub canopy cover, 3 = 50% to 75%lsbanopy cover, and 4 = 75% to 100 % canopy co\rRgts 5E and 8E were
excluded from the graphical representation aswtresoutlier analysis.
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Figure 20. NMS ordination of functional group rigss with correlation to environmental variablegaFstress was 12.246 for the 2-
dimensional solution. Final instability was 0.01#8%ed on 400 iterations. The solution was rotstetthat the first axis explained a
majority of the variance (90%). Two environmentatigbles (Mean Wetness Coefficient and Shrub Dgnsre not pictured
because they did not meet the correlation cuto#f@r20, see Table 20). Red vectors portray thelagion of an environmental
variable with the richness data. The relative feraf the vector indicates how much variance idared in the correlation between
the vector and the plot data. The legend descilbech canopy cover class the plots belong to Q%= 25% shrub canopy cover, 2

= 25% to 50% shrub canopy cover, 3 = 50% to 75%lsbanopy cover, and 4 = 75% to 100 % canopy cowlgts 1A, 5E, 8E, and
9E were excluded as a result of outlier analysifopmed in PCORD.
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Table 8. Regression statistics for linear regressiandividual functional group cover vs
percent canopy cover. Significance was correatedultiple comparisons with the Bonferroni
correction P < 0.0042). All significant relationships had aagve relationship with the

independent variable.

Regression Statistics MultipleR Adjusted R Square  Standard Error F Significance F

Perennial Forb 0.82 0.66 26.9 88.30 <0.0001

C4 Grass 0.698 0.48 23.44 40.91 <0.0001
Perennial Legume 0.66 0.43 0.73 33.64 <0.0001

C3 Grass 0.58 0.32 8.69 22.02 <0.0001
Sedge 0.48 0.21 14.10 13.00 0.0008
Annual Forb 0.46 0.20 0.35 11.73 0.0014
Tree 0.28 0.05 1.57 3.55 0.0700
Annual Legume 0.24 0.04 0.15 2.71 0.1070
Vine 0.19 0.01 35 155 0.2200
Fern 0.12 -0.01 2.25 0.67 0.4200
Biennial Forb 0.07 -0.02 5.35 0.20 0.6570
Shrub 0.05 -0.02 21.22 0.10 0.7490

Table 9. Regression statistics for linear regressiandividual functional group richness vs
percent canopy cover. Significance was correaedultiple comparisons with the Bonferroni
correction P < 0.0042). All significant dependant variablesd laanegative relationship with the
independent variable, except for vine richness Wwhigd a positive relationship with the

independent variable.

Regression gtatistics MultipleR Adjusted R Square  Standard Error Significance F

C4 Grass 0.77 0.59 0.69 <0.0001
Perennial Legume 0.65 0.41 0.47 <0.0001
Perennial Forb 0.52 0.26 9.12 0.0002
Vine 0.50 0.24 0.56 0.0004
C3 Grass 0.34 0.09 1.68 0.0231
Annual Forb 0.24 0.03 0.71 0.1151
Biennial Forb 0.20 0.02 1.33 0.1840
Annual Legume 0.09 0 0.25 0.5506
Fern 0.13 0 0.41 0.3897
Sedge 0.04 0 1.01 0.8138
Shrub 0.04 0 171 0.8020
Tree 0.15 0 131 0.3260
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Table 10. Between groups F-matrix results fromrthsioant analysis using functional group
cover data. Values are proportional to distancasuees between group means. Large numbers
between groups indicate that two groups are dissirtg one another. Based on functional
group cover data, canopy cover classes three amdife the most similar to one another,
whereas canopy cover classes one and four aredbedifferent. See Table 5 for the variables
included in the forward stepping model. Wilks’ lada of 0.009, F = 23.938< 0.0001.

Complete discriminant analysis df = 12 29

Canopy
Cover
classes 1 2 3 4
1 0
2 6.156 0
3 14.337 8.326 0
4 16.462 9.165 0.561 0
Forward Stepping Discriminant Analysisdf= 7 35
Canopy
Cover
classes 1 2 3 4
1 0
2 10.362 0
3 25.955 20.31 0
4 30.893 22.801 0.88 0

Table 11. Between groups F-matrix results fromriisinant analysis using functional group
richness data. Values are proportional to distaneasures between group means. Large
numbers between groups indicate that two groupdiasémilar to one another. Based on
functional group richness data, canopy cover ctagsee and four are the most similar to one
another, whereas canopy cover classes one andr®tine most different. See Table 6 for the
variables included in the forward stepping modafilks’ lambda of 0.086, F = 18.40B,<
0.0001.

Complete discriminant analysis -- df = 12 30

Canopy
Cover
Classes 1 2 3 4
1 0
2 1.284 0
3 6.074 4.006 0
4 6.365 4.278 0.471 0
Forward Stepping Discriminant Analysis df = 3
39
Canopy
Cover
Classes 1 2 3 4
1 0
2 2451 0
3 22.218 11.856 0
4 25.872 14.143 0.221 0
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Table 12. Results from Discriminant Analysis examgnaffiliation of functional group cover
with each shrub canopy class using complete anebfor selection analysis. Variables are in
rank descending order of F-to-remove values. Thefemove value indicates relative
importance of variables included within the modebar example, perennial forb cover is clearly
more important to discriminating among shrub canopyer classes than other variables.
Conversely, vine cover is the least important \@eaontributing to the separation of the
classes. Forward stepping analysis indicates wiaciables were not important to the model,
and excludes them from the analysis. Variablelsided within the model have a F-to-remove >
2.22. It then recalculates the F-to-remove vabfesdl variables included in the model.

| Complete
Variable F-to-remove  Tolerance
Perennial Forb 15.19 0.46
Perennial Legume 4.77 0.16
Sedge 4.22 0.36
Annual Forb 2.79 0.52
Biennial Forb 2.62 0.59
Annual Legume 2.19 0.19
Fern 2.00 0.73
Shrub 1.37 0.84
C4 Grass 0.52 0.46
Tree 0.28 0.74
C3 Grass 0.22 0.38
Vine 0.13 0.93

Forward

Variable F-to-remove Tolerance Variable F-to-enter Tolerance
Perennial Forb 29.92 0.61 Shrub 0.82 0.91
Sedge 11.75 0.58 C4 Grass 0.44 0.48
Perennial Legume 9.24 0.25 C3 Grass 0.18 0.39
Annual Forb 5.17 0.54 Tree 0.18 0.78
Annual Legume 4.78 0.29 Vine 0.11 0.94
Biennial Forb 2.79 0.6
Fern 2.26 0.8
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Table 13. Results from Discriminant Analysis examgnaffiliation of functional group richness
with each shrub canopy class using complete anwdafor selection. Variables are in rank
descending order of F-to-remove values. The Fetoeve value indicates relative importance of
variables included within the model. For examfléd,grass richness contributes the most to the
separation of shrub canopy cover classes in bethackward and forward stepping models.
Conversely, C3 grass richness is the least impoveable that discriminates among shrub
canopy cover classes. Forward stepping analydisates which variables are most important to
the model, and excludes them from the analysigialkes included in the model have a F-to-
remove > 2.22. It then recalculates the F-to-reenalues of all variables included in the

model.

Complete

Variable F-to-remove Tolerance

C4 Grass 2.08 0.52

Perennial Forb 1.72 0.20

Perennial Legume 1.71 0.66

Biennial Forb 1.7 0.30

Annual Legume 1.66 0.67

Annual Forb 1.34 0.59

Sedge 1.25 0.50

Shrub 0.98 0.44

Tree 0.71 0.55

Vine 0.71 0.75

Fern 0.38 0.75

C3 Grass 0.25 0.43

Forward

Variable F-to-remove Tolerance Variable F-to-enter Tolerance

C4 Grass 16.57 0.87 Biennial Forb 1.77 0.76

Perennial Forb 2.47 0.99 Perennial Legume 1.48 6 0.7

Annual Legume 2.22 0.88 Vine 0.99 0.95
C3 Grass 0.95 0.91
Fern 0.58 0.96
Annual Forb 0.56 0.83
Tree 0.53 0.97
Sedge 0.43 0.96
Shrub 0.26 0.99
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Table 14. Importance Values for functional groupsaénopy cover classes presented as a
percent of the total importance value per shrulmpgirtover class. The most important
functional group i®olded and the least importantiiglicized. Notice the shift in importance
from perennial forbs to shrubs in the higher classfeshrub canopy cover. Shrub canopy cover
classes are 1 (0-25% shrub canopy cover), 2 (25€0Ub canopy cover), 3 (50-75% shrub
canopy cover), and 4 (75-100% shrub canopy coveupctional groups are organized by rank
descending order of % IV in thé $hrub canopy cover class

%IV %IV %IV %IV

1 2 3 4
Perennial Forb 27.87 3173 23.69 22.61
C4 Grass 19.18 1152 3.04 0.83
Sedge 11.65 6.57 8.63 7.66
Shrub 11.13 16.5127.72 34.28
C3 Grass 9.57 881 998 7.68
Tree 6.47 6.13 6.22 7.14
Perennial
Legume 6.36 4.60 128 1.06
Annual Forb 4.68 1.44 213 1.39
Biennial Forb 1.56 537 7.74 6.55
Vine 1.52 584 7.86 7.73
Annual Legume 0.00 147 042 035
Fern 0.00 000 131 272

100 100 100 100
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Table 15. Pearson (r) correlation with NMS ordimataxes for functional group cover data.
Correlations were calculated following the rotatairthe first axis so that it explains the
variables explain the most variance on axis 1. example, axis one is mostly a gradient of %
bare ground and native richness. Both functionaligs and Environmental variables were
sorted in rank descending order of the Pearsorledion (r). See Figure 19 for the graphical
representation of the ordination.

Axis: 1 2
Functional Groups r r
Perenial Forb 0.95 -0.09
C4 Grass 0.70 0.05
C3 Grass 0.63 -0.17
Perennial Legume 0.55 0.12
Sedge 0.51 -0.12
Annual Forb 0.41 -0.11
Tree 0.25 0.11
Vine -0.25 -0.08
Biennial Forb 0.20 0.16
Annual Legume 0.19 0.07
Shrub -0.06 0.92
Fern 0.02 0.15
Environmental Variables

% Bare Ground -0.88 0.01
% Shrub Canopy Cover -0.79 0.06
Native Richness 0.75 0.02
Mean Wetness Coefficient 0.40 -0.08
Non-Native Richness 0.29 0.05
Shrub Density -0.15 -0.08
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Table 16. Pearson (r) correlation with ordinati@esfor functional group richness data.
Correlations were calculated following the rotatarthe first axis so that it explains the most
variance on axis 1. For example, axis one is masgradient of Native Richness and % bare
ground. Both functional groups and Environmentalables were sorted in rank descending
order of the Pearson correlation (r). See FigOr&2the graphical representation of the

ordination.

Axis: 1 2
Functional Groups r r
Perennial Forb 0.97 0.14
C3 Grass 0.64 -0.02
Perennial Legume 0.54 -0.03
C4 Grass 0.48 0.31
Annual Forb 0.47 -0.32
Biennial Forb 0.35 -0.21
Vine -0.35 -0.04
Tree 0.23 0.57
Annual Legume 0.20 -0.07
Fern -0.14 0.23
Shrub 0.05 0.52
Sedge -0.05 0.22
Environmental Variables

Native Richness 0.86 0.30
% Bare Ground -0.80 0.04
Non-Native Richness 0.54 0.14
% Shrub Canopy Cover -0.46 -0.15
Mean Wetness Coefficient 0.39 -0.14
Shrub Density 0.13 -0.19

99



Chapter 5

Conclusion

5.1 Summary and Conclusions

The initial portion of the study highlights thefdrences in the upland
communities of the North Chicago Wetland Mitigati®ite and provides a framework for
a five year monitoring program following habitat magement. The upland areas of the
site include both prairie and old field communitikat are differentiated by species
composition identified from cluster analysis. Feand old field communities differed
significantly in native species density, native@ps richness, ground layer cover,
percent bare ground, Mean C, FQI, and percent stanbpy cover. 48 species were
significant indicators of the prairie community \ehsix species were significant
indicators of the old field community, indicatinggt the old field community is a nested
subset within the prairie communit{Rhamnus cathartica, Cornus racemosa, Lonicera X
bella, Viburnum lentago, andRhamnus frangula were the most important species in the
shrub plots (25 R) regardless of community type and together acealifar 87.82% and
82.22% of the importance value in prairie and adtifcommunities, respectively.

Analysis of the seed bank suggests that many afdhe site are seed limited, as
few species were found in the seed bank and thasevery little similarity between the
species found in the seed bank and the standirgjategn. Possible causes of seed bank
failure could be attributed to the past historgoltivation at the site and the recent
history of shrub encroachment. Results of thidysand analysis of aerial photography

suggest the most likely source of the species ooguon previously cultivated land is
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the largely uncultivated prairie remnants scatténedughout the site. However, little
evidence was found suggesting that remnants gpemstble for colonizing the disturbed
areas at the site. Nevertheless, in light of gseilts of the soil seed bank refugia
analysis, it remains the most plausible explanaticihe current vegetation patterns
across the site.

Shrub encroachment into grassland communitiesigraficant issue that most
prairie managers face today. A common cause obstincroachment is the lack of
disturbance in these fire-adapted ecosystems. tfwlanagement often results in
changes in diversity and dominance of charactenstirie species and increases in
shrub abundance and dominance. The purpose Gh#igortion of the study was to
determine whether nonrandom ordered patterns at plactional group losses could be
detected with increasing woody invasion in nativasgland habitats.

Percent cover of the ground layer and the totallver of functional groups were
inversely correlated with shrub canopy cover. &tednine whether all functional
groups responded consistently to changes in stambpy cover, functional group
responses to increasing canopy cover were anaggmatately. Cover and richness of
C4 grass, perennial legume, and perennial forbtimmal groups follow ordered decline
with increasing shrub canopy cover and differerasasng canopy cover classes were
significant. Cover of perennial sedge, C3 grass, annual forb functional groups were
most affiliated with particular canopy cover classgeclining with increasing shrub
canopy cover. In addition, vine richness was thig variable directly related to

increasing shrub canopy cover. Functional groupstmommonly dominant in prairie
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communities are associated with low canopy covetspiompared with closed canopy

plots.

5.2 Significance

Results suggest that at least some of the Norite@b Wetland Mitigation site
should be supplemented with native grassland seealise seed limitation may be a
limiting factor in local patterns of species rickeeand composition. Though most plots
along transects were probably cultivated at one {i@hapter 1), there were significant
differences among the plots after they were groupidprairie and old field plots based
on species composition and a comparison to locahaats at the site. Since prairie plots
were more similar to the reference prairie remmdotis (Chapter 2), they should be
excluded from supplemental seeding because theslr@ady similar to prairie remnants
in terms of species richness and composition. dlthdield plots and surrounding areas
under dense shrub canopy cover should be the targeed augmentation, with the goal
of increasing local species richness comparabilea@lots classified collectively as
prairie (Chapter 2).

A three fold increase in shrub density over thet @& years suggests that recent
shrub encroachment is a management concern faittheResults from this study
highlight ordered patterns of losses in the cowel richness of plant species and
functional groups that can be used as a guidaetim¥aluate sites undergoing shrub
encroachment. These results have important marexgemplications for restoration
and management of grassland ecosystems, and db®ukkd to guide restoration

activities at the North Chicago Wetland Mitigatisite.
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In the spring of 2010, management and restord@gan at the North Chicago
Wetland Mitigation site. The initial stages of nagement involved the removal of
shrubs and trees, seeding with native herbaceacsesp and mulching with straw to
reduce erosion. Invasive and adventive shrub a®s Bpecies were targeted for removal
while non-invasive native species were removedisgigr The entire site was seeded
with a general mix of native grassland speciesufeumanagement will include the

reintroduction of fire to the site.
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Appendix

A listing of the species identified in the 2009 gdiny of the 65ha of old field prairie mosaic atitNoChicago Excess Parcel in North
Chicago, IL. Common names, scientific name andraans for each species are listed if known. Ingare values (% IV) are listed
by both community types identified from cluster lyse (see Chapter 2). CC refers to the CoefficoérConservation, and is used to
calculate Mean C and FQI (Chapter 2). WC is thme&s coefficient, and was used to calculate treenmestness coefficient
(Chapter 2). Each species is also assigned tocidmal group based partially on physiognomy @bkapter 4). An asterisk denotes
a non-native species.

Old Field Prairie
% WET-  PHYSIOG-

ACRONYM  Species Freg Cover %IV Freg cover |V CC WC NESS NOMY COMMON NAME
ACENEG Acer negundo 0.35 0.04 0.1¢ 0.07 0.00 0.04 1 -2  FACW- Tree BOXELDER
ACESAI Acer saccharinum 0.18 0.02 0.1C 0.28 0.02 015 1 -3 FACW  Tree SILVER MAPLE
ACHMIL Achillea millefolium®* 0.47 0.08 0.28 1.60 0.70 115 o0 3 FACU P-Forb COMMON MILFOIL
AGRGRY Agrimonia gryposepala 0.18 0.11 0.14 0.21 0.08 0.15 3 2 FACU+  P-Forb TALL AGRIMONY
AGRTRT Agropyron trachycaulum 0.00 0.00 0.0C 0.07 0.038 0.05 8 0 FAC C3 Grass BEARDED WHEAT GRASS
AGRTRT Agrogtisalba * 1.06 0.42 0.74 1.60 198 1.79 8 0 FAC C3 Grass BEARDED WHEAT GRASS
AGRALP Agrogtis alba palustris 0.00 0.00 0.0C 0.21 149 085 8 -3 FACW C3 Grass CREEPING BENT GRASS
ALLPET Alliaria petiolata* 0.12 0.04 0.08 0.00 0.00 0.00 o 0 FAC B-Forb GARLIC MUSTARD
ALLCAC Allium canadense 2.00 6.33 4.17 0.07 0.00 0.04 2 3 FACU P-Forb WILD GARLIC
ALLCER Allium cernuum 0.00 0.00 0.0C 1.32 135 134 7 5 UPL P-Forb NODDING WILD ONION
AMBART Ambrosia artemisiifolia 0.12 0.01 0.06 0.07 0.00 004 o0 3 FACU A-Forb COMMON RAGWEED
AMESAN Amelanchier arborea 0.41 0.04 0.23 0.28 0.02 015 7 3 FACU Tree JUNEBERRY
ANDGER Andropogon gerardii 0.06 0.04 0.05 090 497 294 5 1 FAC- C4 Grass BIG BLUESTEM
ANECYL Anemone cylindrica 0.29 0.09 0.1¢ 0.00 0.00 0.00 8 5 UPL P-Forb CANDLE ANEMONE
ANEVIR Anemone virginiana 2.35 117 1.7¢ 1.95 041 118 4 5 UPL P-Forb TALL ANEMONE
ANTNEG Antennaria neglecta 0.47 0.08 0.28 1.39 188 164 4 5 UPL P-Forb CAT'S FOOT
APOAND Apocynum androsaemifolium 0.06 0.04 0.05 0.00 0.00 0.00 6 5 UPL P-Forb SPREADING DOGBANE
APOSIB Apocynum sibiricum 0.00 0.00 0.0C 0.07 0.00 0.04 2 -1 FAC+ P-Forb INDIAN HEMP
AQUCAN Aquilegia canadensis 0.00 0.00 0.0C 0.07 0.08 0.05 5 1 FAC- P-Forb COLUMBINE
ARITRI Arisaema triphyllum 0.06 0.18 0.12 0.00 0.00 0.00 4 -2  FACW-  P-Forb INDIAN TURNIP
ASCINC Asclepiasincarnata 0.00 0.00 0.0C 0.07 0.03 0.05 4 -5 OBL P-Forb SWAMP MILKWEED
ASCPUR Asclepias purpurascens 0.06 0.04 0.05 0.00 0.00 0.00 7 3 FACU P-Forb PURPLE MILKWEED
ASCTUB Asclepias tuberosa var interior 0.00 0.00 0.0C 0.21 0.04 012 5 5 UPL P-Forb BUTTERFLYWEED
ASTDRU Aster drummondii 3.29 2.34 2.82 1.39 093 1.16 3 3 FACU P-Forb DRUMMOND'S ASTER
ASTERI Aster ericoides 0.71 0.17 0.44 2.09 094 151 4 4 FACU- P-Forb HEATH ASTER
ASTLAT Aster lateriflorus 2.06 1.71 1.88 0.70 032 051 2 -2  FACW-  P-Forb SIDE-FLOWERING ASTER
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ACRONYM
ASTNOV
ASTPIL
ASTPRA
ASTSAG
ASTSIM
BARVUL
BIDFRO
BOTDID
BROKAL
CACPLA
CALCAN
CXBLAN
CXBUXB
CXCRIS
CXGRAH
CXHIRS
CXLANU

CXSTRC
CXTENE
CXUMBE
CASCOC

CERVUL
CICMAC
CIRLUT
CIRARV
CIRDIS
COMUMB
CORALT
COROBL
CORRAC

Old Field Prairie
%

Species Freq Cover %IV Freq cover IV

Aster novae-angliae 0.18 0.08 0.13 0.35 0.14 0.24
Aster pilosus 0.18 0.02 0.1C 0.49 0.08 0.28
Aster praealtus 0.41 0.20 0.3C 049 053 0.51
Aster sagittifolius 0.12 0.04 0.08 0.00 0.00 0.00
Aster simplex 1.06 0.23 0.6t 056 0.11 0.33
Barbarea vulgaris 0.06 0.01 0.03 0.00 0.00 0.00
Bidens frondosa 0.00 0.00 0.0C 0.07 0.00 0.04
Botrychium dissectum 0.06 0.01 0.03 0.00 0.00 0.00
Bromus kalmii 0.00 0.00 0.0C 0.28 0.09 0.18
Cacalia tuberosa 0.00 0.00 0.0C 0.28 0.22 0.25
Calamagrostis canadensis 0.06 0.01 0.03 0.00 0.00 0.00
Carex (section ovales) 0.06 0.04 0.05 0.00 0.00 0.00
Carex blanda 0.35 0.34 0.3t 0.28 0.09 0.18
Carex buxbaumii 0.00 0.00 0.0C 0.14 117 0.65
Carex cristatella 0.12 0.22 0.17 0.00 0.00 0.00
Carex granularis 2.00 0.73  1.37 1.46 094 1.20
Carex hirsutella 0.18 0.05 0.11 035 046 041
Carex pellita 0.35 0.16 0.2€ 0.76 3.04 1.90
Carex sp. (vegetative) 0.06 0.04 0.05 0.07 0.00 0.04
Carex sp. (vegetative) 0.00 0.00 0.0C 0.07 0.00 0.04
Carex dtricta 0.47 142 0.9t 0.00 0.00 0.00
Carex tenera 0.18 0.11 0.24 0.00 0.00 0.00
Carex umbellata 0.71 0.20 0.4t 0.00 0.00 0.00
Castillgja coccinea 0.00 0.00 0.0C 0.21 0.06 0.13
Cerastium vulgatum® 0.41 0.04 0.23 1.32 0.13 0.73
Cicuta maculata 0.06 0.01 0.03 0.00 0.00 0.00
Circaea lutetiana canadensis 0.06 0.01 0.03 0.00 0.00 0.00
Cirsium arvense* 1.12 133 1.22 0.00 0.00 0.00
Cirsiumdiscolor 0.06 0.01 0.03 0.00 0.00 0.00
Comandra umbellata 0.00 0.00 0.0C 0.49 0.26 0.37
Cornus alternifolia 0.00 0.00 0.0C 0.00 0.00 0.00
Cornus obliqua 0.06 0.04 0.05 0.00 0.00 0.00
Cornus racemosa 0.06 0.04 0.0t 2.85 543 4.14
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WET-
NESS

FACW
FACU-
OBL
UPL
OBL
FAC
FACW
FAC
FAC
FAC
OBL

FAC
OBL
FACW+
FACW+
FACU-
OBL

OBL
FAC+
UPL
FAC

FACU
OBL
FACU
FACU
UPL
FACU
UPL
OBL
FACW-

PHYSIOG-

NOMY COMMON NAME

P-Forb NEW ENGLAND ASTER

P-Forb HAIRY ASTER

P-Forb WILLOW ASTER

P-Forb ARROW-LEAVED ASTER

P-Forb PANICLED ASTER

B-Forb WINTER CRESS

A-Forb COMMON BEGGAR'S TICKS

Fern BRONZE FERN

C3 Grass PRAIRIE BROME

P-Forb PRAIRIE INDIAN PLANTAIN

C3 Grass BLUE JOINT GRASS

P-Sedge -

P-Sedge COMMON WOOD SEDGE

P-Sedge DARK-SCALED SEDGE

P-Sedge CRESTED OVAL SEDGE

P-Sedge PALE SEDGE

P-Sedge HAIRY GREEN SEDGE

P-Sedge WOOLY SEDGE

P-Sedge -

P-Sedge -

P-Sedge COMMON TUSSOCK SEDGE

P-Sedge NARROW-LEAVED OVAL SEDGE

P-Sedge EARLY OAK SEDGE

A-Forb INDIAN PAINTBRUSH
COMMON MOUSE-EAR

P-Forb CHICKWEED

B-Forb WATER HEMLOCK

P-Forb ENCHANTER'S NIGHTSHADE

P-Forb FIELD THISTLE

B-Forb PASTURE THISTLE

P-Forb BASTARD TOAD-FLAX

Tree ALTERNATE-LEAVED DOGWOOD

Shrub PALE DOGWOOD

Shrub GRAY DOGWOOD
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Old Field Prairie

% WET-  PHYSIOG-

ACRONYM  Species Freg Cover %IV Freq cover |V CC WC NESS NOMY COMMON NAME
CORAME Corylus americana 4.29 728 5.78 0.07 0.79 043 4 0 FAC Shrub AMERICAN FILBERT
CRACOA Crataegus coccinea (cf.) 0.00 0.00 0.0C 0.00 0.00 0.00 5 5 UPL Tree SCARLET HAWTHORN
CRACRU Crataegus crus-galli 0.24 0.06 0.15 0.07 0.00 0.04 2 0 FAC Tree COCK-SPUR HAWTHORN
CRAMOL Crataegus mollis 0.59 0.30 0.45 0.00 0.00 0.00 2 -2 FACW-  Tree DOWNY HAWTHORN
CRAPRU Crataegus pruinosa (cf.) 0.35 0.04 0.1¢ 0.42 0.07 025 3 5 UPL Tree FROSTED HAWTHORN

- Crataegus sp (seedlings) 0.06 0.01 0.03 0.76 0.26 051 - - - Tree -
DANSPI Danthonia spicata 1.12 0.12 0.62 0.07 0.03 0.05 3 5 UPL C3 Grass POVERTY OAT GRASS
DAUCAR Daucus carota* 0.18 0.26 0.22 1.81 232 207 0 4 FACU- B-Forb QUEEN ANNE'S LACE
DIAARM Dianthus armeria* 1.29 0.38 0.84 0.14 001 0.07 o 5 UPL A-Forb DEPTFORD PINK
PANIMP Dichantelium implicatum 0.00 0.00 0.0C 0.90 0.20 055 2 0 FAC C3 Grass OLD FIELD PANIC GRASS
PANOLS Dichanthelium oligosanthes 0.65 0.13 0.3¢ 0.00 0.00 0.00 3 3 FACU C3 Grass SCRIBNER'S PANIC GRASS
PANVIV Dichanthelium villosissimum 0.29 0.03 0.1€ 1.53 0.24 0.89 5 5 UPL C3 Grass WHITE-HAIRED PANIC GRASS

- Dicot seedling 1 1.35 0.44 0.9C 0.00 0.00 0.00 - - - - -

- Dicot seedling 2 0.00 0.00 0.0C 021 0.01 O0.11 - - - - -

- Dicot seedling 3 0.06 0.01 0.03 0.00 0.00 0.00 - - - - -

- Dicot seedling 4 0.06 0.01 0.03 0.00 0.00 0.00 - - - - -
DIPLAC Dipsacus laciniatus 0.06 0.04 0.05 0.00 0.00 0.00 o 5 UPL B-Forb CUT-LEAVED TEASEL
ELYVIR Elymus virginiana 0.06 0.01 0.03 0.00 0.00 0.00 4 -2 FACW- C3Grass VIRGINIA WILD RYE
EQUARV Equisetum arvense 0.82 0.69 0.7€ 0.42 030 036 o0 FAC Fern COMMON HORSETAIL
ERIANN Erigeron annuas 0.88 0.25 0.56 0.63 006 035 1 1 FAC- B-Forb ANNUAL FLEABANE
ERIPHI Erigeron philadelphicus 0.35 0.25 0.3C 0.00 0.00 0.00 3 -3 FACW  P-Forb MARSH FLEABANE
ERISTR Erigeron strigosus 0.41 0.14 0.27 1.11 039 075 2 1 FAC- P-Forb DAISY FLEABANE
EUPALT Eupatorium altissimum 0.06 0.01 0.03 0.14 0.03 0.09 2 FACU P-Forb TALL BONESET
EUPPER Eupatorium perfoliatum 0.00 0.00 0.0C 0.07 0.00 0.04 4 -4 FACW+ P-Forb COMMON BONESET
EUPRUG Eupatorium rugosum 0.12 0.07 0.1C 0.00 0.00 0.00 2 3 FACU P-Forb WHITE SNAKEROOT
EUPCOR Euphorbia coralata 0.00 0.00 0.0C 0.21 0.08 0.15 3 5 UPL P-Forb FLOWERING SPURGE
EUTGRA Euthamia graminifolia 0.35 0.13 0.24 0.70 0.23 0.46 3 -2  FACW-  P-Forb GRASS-LEAVED GOLDENROD
FRAVIR Fragaria virginiana 3.583 210 281 2.16 169 192 2 1 FAC- P-Forb WILD STRAWBERRY

Fraxinus pennsylvanica

FRAPES subintegra 0.24 0.09 0.1€ 035 0.09 022 2 -3 FACW  Tree GREEN ASH
GALOBT Galium obtusum 0.24 0.12 0.18 035 025 030 5 -4 FACW+ P-Forb WILD MADDER
GALTRO Galium triflorum 0.53 0.09 0.31 0.28 0.06 0.17 4 2 FACU+  P-Forb SWEET-SCENTED BEDSTRAW
GENALB Gentiana alba 0.35 0.16 0.26 0.63 0.16 0.39 9 3 FACU P-Forb PALE GENTIAN
GENAND Gentiana andrewsii 0.00 0.00 0.0C 0.28 0.06 0.17 7 -3 FACW P-Forb CLOSED GENTIAN
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ACRONYM
GENQUI
GEUALE
GEUCAN
GLYSTR
HACVIR
HELGRO
HELRIG
HELSTR
HIECAN
HYPPER
HYPPUN
HYPHIR
JUNDUD
JUNINT
JUNTEN
JUNVIR
KRIBIF
LACSER
LESCAP
LEUVUL
LIAASP
LIASPI
LIAPYC
LILMIC
LITCAN
LOBSPI
LONBEL
LYCAME
LYCUNI
LYTSAL
MALPUM
MEDLUP
MELALB

Old Field Prairie
%

Species Freq Cover %IV Freq cover IV

Gentianella quinquefolia 0.06 0.01 0.03 0.28 0.04 0.16
Geum aleppicum 1.06 0.23  0.65 0.63 0.06 0.35
Geum canadense 0.12 0.04 0.08 0.14 0.01 o0.07
Glyceria striata 0.18 0.11 0.14 0.21 0.06 0.13
Hackelia virginiana 0.06 0.01 0.03 0.00 0.00 0.00
Helianthus grosseserratus 0.41 0.31 0.3€ 0.70 1.10 0.90
Helianthus rigidus 0.06 0.01 0.03 1.25 1.01 1.13
Helianthus strumosus 0.06 0.01 0.03 0.07 0.00 0.04
Hieracium caespitosum®* 0.88 0.49 0.68 1.67 1.02 1.34
Hypericum perforatum* 0.12 0.04 0.08 0.00 0.00 0.00
Hypericum punctatum 1.12 0.15 0.63 0.56 0.04 0.30
Hypoxis hirsuta 0.12 0.22 0.17 0.28 0.22 0.25
Juncus dudleyi 0.06 0.04 0.0t 0.00 0.00 0.00
Juncusinterior 0.06 0.01 0.03 0.28 0.18 0.23
Juncus tenuis 0.59 0.12 0.36 0.76 0.28 0.52
Juniperisvirginiana 0.24 0.02 0.13 0.21 0.04 0.12
Krigia biflora 0.00 0.00 0.0C 056 040 0.48
Lactuca serriola* 0.12 0.01 0.0€ 0.07 0.00 0.04
Lactuca sp 0.06 0.04 0.0t 0.00 0.00 0.00
Lespedeza capitata 1.24 025 0.74 0.35 0.12 0.23
Leucanthemum vulgare* 0.00 0.00 0.0C 1.95 0.27 111
Liatrisaspera 0.06 0.04 0.0t 0.21 0.06 0.13
Liatris cf spicata 0.00 0.00 0.0C 0.76 050 0.63
Liatris pycnostachya 0.12 0.04 0.08 0.07 0.03 0.05
Lilium michiganense 0.00 0.00 0.0C 0.00 0.00 0.00
Lithospermum canescens 1.06 0.30 0.68 0.83 0.19 0.51
Lobelia spicata 2.47 3.68 3.08 125 0.15 0.70
Lonicera X bella* 0.12 0.04 0.08 056 045 0.50
Lycopus americanus 0.12 0.01 0.0€ 0.00 0.00 0.00
Lycopus uniflorus 0.06 0.04 0.05 0.00 0.00 0.00
Lythrum salicaria* 0.00 0.00 0.0C 0.07 0.00 0.04
Malus pumila* 0.00 0.00 0.0C 0.07 0.00 0.04
Medicago lupulina* 0.29 0.03 0.1€ 0.21 0.04 0.12
Melilotus alba* 1.24 0.47 0.8t 056 026 041

CC WC
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WET-
NESS

FAC
FAC+
FAC
OBL
FAC-
FACW-
UPL
UPL
UPL
UPL
FAC+
FAC
FAC
FAC+
FAC
FACU
FACU
FAC

FACU
UPL
UPL
FAC
FAC-
FAC+
UPL
FAC
FACU
OBL
OBL
OBL
UPL
FAC-
FACU

PHYSIOG-

NOMY
A-Forb
P-Forb
P-Forb
C3 Grass
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
Tree
P-Forb
B-Forb
B-Forb
P-Forb N2
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
Shrub
P-Forb
P-Forb
P-Forb
Tree
A-Forb N2
B-Forb

COMMON NAME

STIFF GENTIAN

YELLOW AVENS

WHITE AVENS

FOWL MANNA GRASS
STICKSEED

SAWTOOTH SUNFLOWER
PRAIRIE SUNFLOWER
PALE-LEAVED SUNFLOWER
CANADA HAWKWEED
COMMON ST. JOHN'S WORT
SPOTTED ST. JOHN'S WORT
YELLOW STAR GRASS
DUDLEY'S RUSH

INLAND RUSH

PATH RUSH

EASTERN RED CEDAR
FALSE DANDELOIN
PRICKLY LETTUCE

ROUND-HEADED BUSH CLOVER

OX-EYE DAISY

ROUGH BLAZING STAR
MARSH BLAZING STAR
PRAIRIE BLAZINE STAR
MICHIGAN LILY

HOARY PUCCOON

PALE SPIKED LOBELIA
SHOWY FLY HONEYSUCKLE

COMMON WATER HOREHOUND

NOTHERN BUGLE WEED
PURPLE LOOSESTRIFE
APPLE

BLACK MEDICK

WHITE SWEET CLOVER
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ACRONYM
MONFIS
OENBIB
OENPER
OSMCLI
OXASTR
OXYRIG
PARINT
PARQUI
PENDIG
PHAARU
PHLPRA
PHLGLA
PHLPIP
PHRLEP
PLARUG
POACOM
POAPRA
POLVER
POLCOM
POPTRE
POTARU
POTREC
POTSIM
PRUVUE
PRUAMA
PRUSER
PRUVIR
PYCVIR
QUEMAC
QUEPAL
RANABO
RANREC

Old Field Prairie
%

Species Freq Cover %IV Freq cover IV

Monarda fistulosa 0.06 0.01 0.03 236 058 1.47
Oenothera biennis 0.00 0.00 0.0C 0.00 0.00 0.00
Oenothera perennis 0.06 0.01 0.03 0.07 0.03 0.05
Osmorhiza claytonii 1.71 0.27  0.9¢ 0.00 0.00 0.00
Oxalis stricta 0.35 0.13 0.24 049 0.03 0.26
Oxypolis rigidor 0.00 0.00 0.0C 0.07 0.03 0.05
Parthenium integrifolium 0.71 123 0.97 0.97 3.09 2.03
Parthenocissus quinquefolia 0.18 0.08 0.13 0.14 0.03 0.09
Penstemon digitalis 0.06 0.04 0.0t 0.07 035 0.21
Phalaris arundinacea* 0.00 0.00 0.0C 0.00 0.00 0.00
Phleum pratense* 0.18 0.05 0.11 0.07 0.00 0.04
Phlox glaberrima 0.06 0.04 0.0t 0.00 0.00 0.00
Phlox pilosa 0.06 0.01 0.03 0.07 0.00 0.04
Phryma leptostachya 0.06 0.04 0.05 0.00 0.00 0.00
Plantago rugelii 1.94 213 204 0.07 0.00 0.04
Poa bulbosa (cf.)* 1.41 117 1.29 0.00 0.00 0.00
Poa compressa* 0.06 0.04 0.0t 1.67 044 1.05
Poa pratensis* 0.00 0.00 0.0C 1.46 207 1.76
Poaceae sp 1 0.24 0.06 0.1t 0.00 0.00 0.00
Polygala verticillata 0.18 0.08 0.13 0.07 0.00 0.04
Polygonatum commutatum 0.00 0.00 0.0C 0.07 0.03 0.05
Populus tremul oides 0.06 0.01 0.03 0.00 0.00 0.00
Potentilla arguta 2.29 214 222 0.14 0.01 0.07
Potentilla recta 0.00 0.00 0.0C 0.07 0.00 0.04
Potentilla simplex 2.12 0.44 1.28 153 109 131
Prunella vulgaris v. elongata 0.18 0.23 0.2C 1.67 0.30 0.98
Prunus americana 0.59 0.09 0.34 0.42 0.07 0.25
Prunus serotina 0.12 0.07 0.1C 0.28 0.04 0.16
Prunusvirginiana 0.29 0.18 0.24 0.14 0.03 0.09
Pycnanthemum virginianum 0.06 0.01 0.03 0.70 0.80 0.75
Quercus macrocarpa 0.12 0.01 0.0€ 0.00 0.00 0.00
Quercus palustris 0.12 0.01 0.0€ 0.00 0.00 0.00
Ranunculus abortivus 0.12 0.01 0.0€ 0.00 0.00 0.00
Ranunculus recurvatus 1.18 0.52 0.85 0.00 0.00 0.00

CcC wcC
4 3
1 3
8 0
3 4
0 3
7 -5
8 5
2 1
4 1
0 -4
0 3
6 -3
7 1
4 5
0 0
0 2
0 1
5 5
4 3
3 0

10 4
0 5
3 4
1 0
3 5
1 3
3 1
5 -4
5 1
4 -3
1 -2
5 -3

WET-
NESS

FACU
FACU
FAC
FACU-
FACU
OBL
UPL
FAC-
FAC-
FACW+
FACU
FACW
FAC-
UPL
FAC

FACU+
FAC-

UPL
FACU
FAC
FACU-
UPL
FACU-
FAC
UPL
FACU
FAC-
FACW+
FAC-
FACW
FACW-
FACW

PHYSIOG-

NOMY
P-Forb
B-Forb
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
W-Vine
P-Forb
C3 Grass
C3 Grass
P-Forb
P-Forb
P-Forb
A-Forb
C3 Grass
C3 Grass
C3 Grass
A-Forb
P-Forb
Tree
P-Forb
P-Forb
P-Forb
P-Forb
Tree
Tree
Shrub
P-Forb
Tree
Tree
A-Forb
A-Forb

COMMON NAME

WILD BERGAMOT
COMMON EVENING PRIMROSE
SMALL SUNDROPS
HAIRY SWEET CICELY
TALL WOOD SORREL
COWBANE
WILD QUININE
VIRGINIA CREEPER
FOXGLOVE BEARD TONGUE
REED CANARY GRASS
TIMOTHY
SMOOTH PHLOX
SAND PRAIRIE PHLOX
LOPSEED
RED-STALKED PLANTAIN
CANADIAN BLUE GRASS
KENTUCKY BLUE GRASS
WHORLED MILKWORT
GREAT SOLOMON SEAL
QUAKING ASPEN
PRAIRIE CINQUEFOIL
SULFUR CINQUEFOIL
COMMON CINQUEFOIL
SELF-HEAL
AMERICAN PLUM
WILD BLACK CHERRY
COMMON CHOKE CHERRY
COMMON MOUNTAIN MINT
BURR OAK
PIN OAK
LITTLE-LEAF BUTTERCUP
HOOKED BUTTERCUP
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ACRONYM
RATPIN
RHACAT
RHAFRA
ROSBLA
ROSCAR
ROSMUL
RUBFLA
RUBOCC
RUBPEN
RUDHIR
SANCAS
SCHSCO
SCIPEN
SCULEO
SENPAU
SILINT
SILTER
SISALB
SISCAM
SMIECI
SOLDUL
SOLCAN
SOLGIG
SOLJUN
SOLMIS
SOLNEM
SOLRIG
SORNUT
SPAPEC
SPHOBO
SPIALB
TAROFF

Old Field Prairie
%

Species Freq Cover %IV Freq cover IV

Ratibida pinnata 5.29 38.27 21.7¢ 2.36 146 1.91
Rhamnus cathartica* 1.59 136 1.47 3.06 10.58 6.82
Rhamnus frangula* 0.06 0.01 0.03 0.97 0.29 0.63
Rosa blanda 0.94 0.43  0.69 0.07 0.14 o0.10
Rosa carolina 0.65 0.22 0.43 139 113 1.26
Rosa multiflora 0.35 0.28 0.32 0.07 0.03 0.05
Rubus flagellaris 0.18 0.08 0.13 0.21 0.41 0.31
Rubus occidentalis 1.18 0.73  0.9€ 0.14 0.17 0.15
Rubus pensilvanicus 1.35 0.39 0.87 1.46 141 1.43
Rudbeckia hirta 1.29 0.41 0.8 209 046 1.28
Sanicula canadensis 0.06 0.01 0.03 0.28 0.02 0.15
Schizachyrium scoparium 0.06 0.04 0.05 1.18 599 3.59
Scirpus pendulus 0.24 0.02 0.13 0.14 0.61 0.38
Scutellaria leonardii 0.06 0.01 0.03 0.28 0.02 0.15
Senecio paperculus 0.12 0.01 0.0€ 0.28 0.02 0.15
Slphiumintegrifolium 0.12 0.07 0.1C 0.00 0.00 0.00
Silphium terebinthinaceum 0.00 0.00 0.0C 0.97 3.36 2.17
Ssyrinchium albidum 0.12 0.01 0.0€ 056 0.11 0.33
Ssyrinchium campestre 0.12 0.01 0.0€ 0.00 0.00 0.00
Ssyrinchium sp sterile 0.06 0.01 0.03 0.00 0.00 0.00
Smilax ecirrhata 0.18 0.05 0.11 0.07 0.00 0.04
Solanum dulcamara 0.12 0.01 0.0€ 0.00 0.00 0.00
Solidago canadensis 1.76 092 134 1.67 141 154
Solidago gigantea 0.35 0.50 0.43 021 106 0.63
Solidago juncea 1.47 216 1.82 285 8.00 5.43
Solidago missouriensis 0.53 0.45 0.4¢ 0.83 0.53 0.68
Solidago nemoralis 0.65 0.28  0.47 139 076 1.07
Solidago rigida 0.24 0.27 0.2 111 125 1.18
Sorghastrum nutans 0.00 0.00 0.0C 0.83 3.93 2.38
Spartina pectinata 0.18 0.20 0.1¢ 0.28 0.66 0.47
Sphenopholisintermedia 0.18 0.08 0.13 0.21 0.06 0.13
Spiraea alba 0.12 0.01 0.0€ 0.00 0.00 0.00
Taraxicum officinale* 2.00 0.33 1.7 1.11 0.17 0.64

CC WC
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WET-
NESS

UPL
FACU
FAC+
FACU
FACU-
FACU
FACU-
FACU
FAC-
FACU
FACU+
FACU-
OBL
FACU
FAC+
UPL
FAC-
FACU
UPL

UPL
FAC
FACU
FACW
UPL
UPL
UPL
FACU-
FACU+
FACW+
FAC
FACW+
FACU

PHYSIOG-

NOMY
P-Forb
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
P-Forb
B-Forb
C4 Grass
P-Sedge
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
W-Vine
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
P-Forb
C4 Grass
C4 Grass
C3 Grass
Shrub
P-Forb

COMMON NAME

YELLOW CONEFLOWER
COMMON BUCKTHORN
GLOSSY BUCKTHORN
EARLY WILD ROSE
PASTURE ROSE
JAPANESE ROSE
COMMON DEWBERRY
BLACK RASPBERRY
YANKEE BLACKBERRY
BLACK-EYED SUSAN
CANADIAN BLACK SNAKEROOT
LITTLE BLUESTEM
RED BULRUSH
SMALL SKULLCAP
BALSAM RAGWORT
ROSIN WEED
PRAIRIE DOCK
COMMON BLUE-EYED GRASS
PRAIRIE BLUE-EYED GRASS
UPRIGHT CARRION FLOWER
BITTERSWEET NIGHTSHADE
CANADA GOLDENROD
LATE GOLDENROD
EARLY GOLDENROD
MISSOURI GOLDENROD
OLD FIELD GOLDENROD
RIGID GOLDENROD
INDIAN GRASS
PRAIRIE CORD GRASS
PRAIRIE WEDGE GRASS
MEADOWSWEET
COMMON DANDELION
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ACRONYM
THADAD
TOXRAD
TRAOHI
TRIHYB
TRIPRA
TRIREP
TYPANG
ULMAME
VERVIM
VIBLEN

VIBOPU
VIBPRU
VIBREC
VICAME
VIOPEF
VIOPRA
VIOSOR
VITRIP
ZANAME

ZIZAPT
ZIZAUR

Old Field Prairie
%
Species Freq Cover %IV Freq cover IV CC WwC
Thalictrum dasycarpum 0.06 0.04 0.05 0.21 0.04 012 5 -2
Toxicodendron radicans 0.35 0.31 0.32 0.00 0.00 0.00 1 3
Tradescantia ohiensis 0.24 0.09 0.1€ 0.21 0.01 0.11 3 2
Trifolium hybridun+ 0.00 0.00 0.0C 0.07 0.03 005 o0 1
Trifolium pratense* 0.00 0.00 0.0C 0.07 0.00 004 o0 2
Trifolium repens* 0.18 0.02 0.1C 014 014 014 o 2
Typha angustifolia* 0.06 0.04 0.0t 0.00 0.00 0.00 o -5
Ulmus americana 0.06 0.01 0.03 028 015 022 5 -2
Veronicastrum virginicum 0.12 0.01 0.06 0.00 0.00 0.00 6 0
Viburnum lentago 1.65 171 168 0.56 0.38 047 4 -1
Viburnum opalus 0.41 0.14  0.27 0.07 0.00 0.04 o0 0
Viburnum prunifolium 0.18 0.26 0.22 0.00 0.00 0.00 4 3
Viburnum recognitum 0.18 0.05 0.11 0.21 0.04 012 & -2
Vicia americana 0.00 0.00 0.0C 049 015 032 &6 5
Viola peditifida 0.24 0.09 0.1€ 090 011 051 9 4
Viola pratincola 2.29 0.70 1.5C 1.60 0.34 097 1 0
Viola sororia 0.35 0.10 0.23 0.00 0.00 0.00 3 1
Vitisriparia 3.24 1.18 221 1.32 0.23 0.77 2 -2
Zanthoxylum americanum 0.00 0.00 0.0C 0.21 1.07 064 4 5
ZiZia aptera 0.71 0.23  0.47 0.76 056 0.66 9 3
Ziziaaurea 0.24 0.06 0.1F 028 109 0.68 6 -1
100 100 99 99

WET-
NESS

FACW-
FACU
FACU+
FAC-
FACU+
FACU+
OBL
FACW-
FAC
FAC+

FAC
FACU
FACW-
UPL
FACU-
FAC
FAC-
FACW-
UPL

FACU
FAC+

PHYSIOG-
NOMY

P-Forb
W-Vine
P-Forb
P-Forb N2
P-Forb N2
P-Forb N2
P-Forb
Tree
P-Forb
Shrub

Shrub
Shrub
Shrub
P-Forb
P-Forb
P-Forb
P-Forb
Vine
Shrub

P-Forb
P-Forb

COMMON NAME
PURPLE MEADOW RUE
POISON IVY
COMMON SPIDERWORT
ALSIKE CLOVER
RED CLOVER
WHITE CLOVER
NARROW-LEAVED CATTAIL
AMERICAN ELM
CULVER'S ROOT

NANNYBERRY
EUROPEAN HIGH-BUSH
CRANBERRY

BLACK HAW

SMOOTH ARROWWOOD
AMERICAN VETCH
PRAIRIE VIOLET
COMMON BLUE VIOLET
WOOLLY BLUE VIOLET
RIVERVBANK GRAPE

PRICKLY ASH
HEART-LEAVED MEADOW
PARSNIP

GOLDEN ALEXANDERS
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