
 

 
AN ABSTRACT OF THE THESIS OF  

 
Katherine N. Norman for the degree of Master of Science in Botany and Plant 
Pathology presented on January 18, 2008.  
 
Title: The Effects of Site Preparation on Native Forb Establishment in a Wet Prairie, 
Willamette Valley, Oregon 
 
Abstract approved:          

Patricia S. Muir 
  

Wetlands and wet prairies are economically and environmentally valuable 

ecosystems, but many have been degraded or converted to other uses.  As human 

understanding of wetlands’ value has increased, restoration efforts have grown 

correspondingly.  Restoration attempts use a diversity of methods, which often include 

seeding with native plant species.  This thesis reports on early results from a 

restoration project that was conducted in the Willamette Valley of western Oregon on 

a study site that historically supported wet prairie but had been converted to 

agricultural use.  The site was withdrawn from agricultural use 11 – 12 years prior to 

the work reported here, contoured to reestablish wetland hydrological conditions, and 

planted with the native perennial, tufted hairgrass (Deschampsia cespitosa), in a 

preliminary attempt to recreate wet prairie conditions. The subsequent management 

goal, addressed in the work reported here, was to increase native species richness 

without increasing exotic plant cover by seeding the site with a mixture of 27 common 

wetland natives.  In each of three blocks at the site, four units were treated either by 

burning (N = 2 per block) or mowing (N = 2 per block), then seeded with a mixture of 

27 common native wetland species.  One each of the burned and mowed units from 

each block was treated with glyphosate herbicide.  Thus burning, burning + herbicide, 



 

mowing, mowing + herbicide, all with seeding of native species, and an unseeded 

control each occurred in one unit in each of three blocks at the site.  The specific 

objectives of this study were to determine: 1. If treatments varied in their effects on 

plant communities, 2. Whether treatments differed in the degree to which they 

enhanced establishment of seeded species or other native species, 3. If so, which 

treatment was most effective at increasing cover or richness of native or seeded 

species, and 4. Consequences of treatments in terms of exotic species cover or 

richness.   

Although the low number of replications (N = 3) limited statistical inference, it 

appeared post-treatment plant communities differed among treatment groups 

(including controls) (Blocked Multi-Response Permutation Procedure; A-value 0.249 

to 0.312; p-value < 0.005). While all four seeding treatments enhanced cover by native 

species compared to that in controls, burning without herbicide appeared to be 

particularly effective.  Burning and burning + herbicide enhanced cover of seeded 

species more than did mowing treatments; while all four seeding treatments appeared 

to increase richness of native species overall, relative to that in unseeded controls, 

differences were not statistically significant.  However, treatments also tended to 

increase cover and richness of exotic species relative to those in controls.  While the 

increases in exotic species richness post-treatment were generally smaller than the 

increases in native species richness, changes in cover tended to be similar between the 

two species groups.  Further monitoring of this site will be necessary to determine 

longer term consequences of these treatments for the plant communities. 
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Introduction 
Wet prairies are diverse ecosystems that support numerous plant and 

animal species (Christy & Alverson 1994).  Formerly regarded as wastelands, 

popular opinion about their value has shifted dramatically in the past century 

(Novitzki et al. 1996).  It is now recognized that wetlands and wet prairies provide 

habitat for unique plant and animal species.  They also remove excess nitrogen and 

pollutants from waterways and diminish the destructive forces of powerful storm 

systems (Costanza et al. 1997; Carter 1996).  In 1977, the value of wetlands was 

codified by the enactment of Executive Order 11990 (U.S. Federal Register 1977), 

which provided federal protection for wetlands.  Once drained to provide arable 

land for farming, attempts are now being made to restore emergent wetlands, fens, 

marshland, and wet prairies throughout the world (e.g. Comin et al. 2001; Van 

Diggelsen et al, 2006; Donath et al. 2007).  Unfortunately, few data exist to guide 

the process of restoration.  Additionally, costs of restoration can be very high, 

ranging from several thousand to tens of thousands of dollars per hectare (Zentner 

et al. 2003).  Moving from agroecosystems to natural wet prairie ecosystems 

requires major shifts in management as well as restoration of original hydrology 

and reintroduction of native species (e.g. Jackson 2002; Littlewood et al. 2006; 

Timbath 2006) 

Recent studies have attempted to determine the best methods for restoring 

at least approximations of natural wet prairies.  Various mowing, grazing, and 

burning patterns (e.g. Hutchings & Booth 1996; Dyer & Rice 1997; Maret & 

Wilson 2000; Ewing 2002; Littlewood et al. 2006) as well as various seeding 
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methods have been tested (e.g. Pywell et al. 1995; Hofman & Isselstein 2004; 

Donath et al. 2007).  Consistently, native plant seed limitation has been found to 

be one of the greatest obstacles to restoration of these ecosystems (e.g. Jackson 

1999; Turnbull et al. 2000; Donath et al. 2003; Seabloom et al. 2003; Middleton et 

al. 2006).   

Another obstacle to restoration is presence of aggressive non-native species 

that can limit establishment of native plants by modifying disturbance regimes 

(D’Antonio & Vitousek 1992) and by competing with natives for light and other 

resources, further inhibiting progress towards restoration of diverse wet prairie 

communities dominated by native species ( e.g. Green & Galatowitsch 2002; 

Foster & Wendel 2005; Garde et al. 2004).  Controlling exotic species while 

increasing diversity and biomass of native grasses and forbs is one of the goals of 

wetland restoration (McDonald 2001; Averett et al. 2004; Fitzpatrick 2004; 

Paynter & Flanagan 2004; Foster & Wetzel 2005; Polley et al. 2006) 

The Willamette Valley of western Oregon historically supported wetlands, 

wet and upland prairies, and oak savannah (Franklin & Dyrness 1973; Boag 1992; 

TNC 1999).  Native Americans managed the area for forage and hunting by 

periodic burning, which maintained the open condition associated with these 

ecosystems (Boag 1992).  Due to conversion of prairies and wetlands to 

agricultural and other land uses, less than one percent of the area of original 

Willamette Valley wet prairies remains (Christy & Alverson 1994).   

Through private and publically funded programs, attempts are being made 

to restore pre-European wetland conditions on agricultural lands in many parts of 
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the United States, including the Willamette Valley.  Drain tiles have been removed 

in an attempt to restore hydrology and native plant species have been seeded.  In 

addition, attention has focused on wetland restoration to mitigate for wetland 

habitat loss caused by development.  These restoration attempts are often not 

effective, however, at creating diverse or sustainable ecosystems.  Restored or 

created wetlands are typically less diverse and, potentially, less stable than 

remnant, natural wetlands (Zedler 1996; Kentula & Magee 1999; McDonald 2001; 

Littlewood et al. 2006; Polley et al. 2006).  Lack of native seed, costs associated 

with seeding, invasion by exotic weeds, and insufficient maintenance often hinder 

effectiveness of restoration attempts. 

Until recently, few native plant species were commercially available for 

restoration projects.  Therefore, restoration ecologists relied upon a handful of 

commercially available natives (mostly grasses) in their attempts to restore 

wetlands (Willams et al. 2007).  This practice has resulted in hundreds of hectares 

of monotypic native grass-dominated wetlands in Oregon, California, and other 

places (pers. comm., Steve Smith USFWS Biologist).  In the Willamette Valley, 

most of these sites are dominated by Deschampsia cespitosa (L.) Beauv. (tufted 

hairgrass).  It is difficult to establish a diverse native matrix at sites dominated by 

this aggressive native grass, which can comprise more than 75 percent of the 

vegetative cover at a site.   

Ecosystems that support diverse species of grasses and forbs can provide 

better habitat for wildlife, higher quality forage, and can be more resilient against 

climatic, hydrologic, and management changes compared to ecosystems with 
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lower species diversity (e.g. Seabloom 2007).  For these reasons, and possible 

aesthetic or ethical motivations, enhancement of biodiversity is often a goal for 

restorationists.  To increase biodiversity in tufted hairgrass dominated sites, project 

managers have attempted to encourage establishment of other native grasses and 

forbs through direct seeding or addition of topsoil, hay, or vegetative propagules 

(e.g. Pywell et al. 1995; Donath et al. 2007).  Establishing less aggressive native 

species can be difficult due to microsite or seed limitations (Comin et al. 2001) and 

competitive interactions that limit available resources.   Safe sites for seed 

germination can be promoted by providing gaps in vegetation, but seed must be 

available.  Recent studies support the hypothesis that, in addition to site 

manipulations, many sites also require seed augmentation to establish a diverse 

native species community (e.g., Pywell et al. 1995; Stampfli & Zeiter 1999; 

Turnbull et al. 2000; Seabloom et al. 2003; Middleton et al. 2006; Soons 2006; 

Van Diggelsen et al. 2006).    

 To encourage establishment of seeded species, various treatments can be 

employed to decrease competition from established vegetation.  This study 

explores the efficacy of three management techniques often used for pre-seeding 

site preparation in wet prairie ecosystems in the Willamette Valley of western 

Oregon: burning, mowing, and herbicide application.  Treatments were applied in 

wet prairie dominated by Deschampsia cespitosa that had been planted when the 

area was withdrawn from agricultural use.  I evaluate the benefits of each 

treatment based upon the change in community composition pre- to post-treatment 

based upon the proportion of seeded species that established after each treatment.  
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The specific objectives of this study were to determine: 1. If treatments varied in 

their effects on plant communities, 2. Whether treatments differed in the degree to 

which they enhanced establishment of seeded species or other native species, 3. If 

so, which treatment was most effective at increasing cover or richness of native or 

seeded species, and 4. Consequences of treatments in terms of exotic species cover 

or richness. 

Methods 

Study Site 
The Willamette Valley is located in western Oregon between the Coast 

Range to the west and Cascade Range to the east.  The climate is Mediterranean 

with mild, wet winters, and warm dry summers.  Average rainfall is 94 to 150 cm 

with mean temperatures ranging from 1° C (January) to 28° C (August) (Oregon 

Climate Service data 1971-2000) and elevation from approximately sea level at the 

north end to 120 m above sea level at the southern extent .  The Willamette Valley 

covers less than 5 percent of the state, but is home to almost 70 percent of the 

state’s population; over 95 percent of the valley is privately owned (ODFW 2006).  

Private land stewardship is, therefore, important to preserving and restoring 

endangered landscapes in the Willamette Valley.   

The Natural Resources Conservation Service (NRCS) in cooperation with 

the U.S. Fish and Wildlife Service (USFWS) provides financial and technical 

support to private land owners who want to convert arable land on wetland-

designated soils to wetland or wet prairie (NRCS 2007a).  The NRCS works to 

enhance soil and water quality; wetland restoration is one of the agency’s 
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priorities.  Several NRCS programs are available to landowners; one of the largest 

is the Wetland Reserve Program (WRP), which has enrolled 9,951 projects totaling 

768,897 ha of restored or enhanced wetlands throughout the United States (NRCS 

2007a).   

Mud Slough is a WRP project located in Polk County, Oregon (NAD 1983, 

Zone 10, Northing 484000 m, Easting 4978000 m). Mud Slough is located entirely 

on Bashaw clay, a sticky, wetland soil (NRCS 2006) and encompasses 

approximately 130 ha of wetland and wet prairie.  The majority of the site is 

inundated from January to March and parts remain submerged throughout the 

summer.  Vegetation at Mud Slough ranges from wet prairie to emergent marsh 

and includes grasslands and hardwood stands dominated by Fraxinus latifolia 

Benth. and Salix spp.  Prior to European settlement, most of this site supported 

seasonally wet prairie with few, scattered trees (TNC 1999). 

Mud Slough was enrolled in the WRP in 1995.  Prior to that time, it was 

farmed for 30 years to produce seed of a perennial grass, Festuca arundinacea 

Schreb. (tall fescue).  During that period, it was periodically tilled, replanted, and 

sprayed with various herbicides.  Following final harvest of grass seed in the fall 

of 1995, the site was sprayed with a broad spectrum herbicide and reshaped with 

heavy equipment so that it would retain water.  Dikes and berms were added to 

bound areas in which emergent wetlands were planned.  Wet prairie areas were 

contoured to provide broad, shallow expanses of seasonal flooding that would 

drain to the adjacent Mud Slough creek during heavy rain.  Emergent areas were 

seeded to the exotic, water fowl forage, Alopecurus pratensis L. Prairies were 
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seeded to the native perennial bunchgrass, Deschampsia cespitosa, using a drill or 

broadcast seeder. 

For ten years following this initial restoration effort, noxious weeds at the 

site were managed by the landowner through spot applications of herbicide.  

Beyond spot spraying, the site was left undisturbed.  After ten years, the areas 

seeded to Deschampsia cespitosa were dominated by this species nearly to the 

exclusion of other native and exotic species; these areas were also heavily choked 

with D. cespitosa litter.   

Study Design 

Blocks 
In spring of 2006, the landowner, USFWS staff, and botanists from the 

Native Seed Network, Institute for Applied Ecology (NSN) of Corvallis, Oregon 

toured Mud Slough to delineate boundaries of the wet prairie portions of the site 

using a handheld Trimble Geo-XT data logger.  Areas dominated by Deschampsia 

cespitosa and known to be flooded only seasonally (pers. comm. Mark Knaupp, 

landowner) were considered wet prairie for the purposes of this study. 

Three separate blocks of wet prairie occurred around the borders of the 

WRP project (Fig. 1).   The northern block (Block 1) was drier and weedier than 

the southern two blocks.  Block 2 was the wettest, with inundation beginning 

earlier in the year and subsiding later, as observed during the springs of 2006 and 

2007.  The third block was similar in hydrology to Block 1, but had more variable 

densities of D. cespitosa than Blocks 1 and 2 because it was seeded using a 
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broadcaster mounted on the back of an all terrain vehicle (ATV), rather than the 

no-till drill used in the other blocks. 

 
Figure 1. Study Site, Mud Slough showing location of site, location of blocks 
within site, and location of treatment units within each block. 
 
 

Treatment Types 
A central principal in the study design was to focus only on treatments that 

could be implemented at the scale of a WRP restoration (5 to 300 ha); potential for 

practical application was essential.  In order to investigate realistically large-scale 

management techniques, we determined that treatment areas must be ≥ 0.4 ha to 

allow for use of equipment, account for within site variability, and minimize edge 

effects.   
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Due to the shape and size of the wet prairie parcels, a maximum of five 

treatment units could be located within each block (Fig. 1).  We selected four 

treatments for the study: prescribed burn, prescribed burn followed by an herbicide 

application to decrease the dominance of D. cespitosa, mowing, and mowing 

followed by herbicide application.  All four treatments included seeding with 

native species.  Henceforth, however, we will refer to burning + seeding as 

“burning,”  burning + seeding + herbicide as “burning + herbicide,” mowing + 

seeding as “mowing,” and mowing + seeding + herbicide as “mowing + 

herbicide.” All four treatments were seeded at a rate of approximately 4 kg/ha with 

a native forb and grass seed mix (Appendix 1), which included 27 natives in 15 

families.  The seeded species included 20 forbs and 7 graminoids; 19 perennials 

and 8 annuals.  Each block also included a non-manipulated control.  The controls 

were not seeded due to cost considerations. 

Each treatment unit measured 30 m by 135 m and units were a minimum of 

4.5 m from the nearest treatment unit, road, or railroad to allow for disk lines.  

Treatment unit boundaries were established using ArcGIS software; units were 

located on the ground using a Trimble Geo-XT handheld global positioning system 

(GPS) unit.  Metal fence posts were pounded into the ground at each corner of 

each unit and flagged prior to treatment implementation.  Breaks between and 

around units were mowed during the first week in September of 2006.  Following 

mowing, the breaks were disked to a depth of 15 to 20 cm to allow for fire lines. 
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Treatment Implementation 
The mow and mow + herbicide treatment units were mowed during the 

first week of September, 2006 (Fig. 2) using a Bush Hog® rotary mower set to a 

height of 15 to 20 cm.  Deep litter resulted from mowing, which might have 

inhibited seed germination.  Removal of biomass through haying was not possible, 

however, due to rough terrain.  Therefore, to decrease the litter depth, all mow 

treatments were passed over again to further chop the cut biomass, using the same 

mower set to the same height.  

 

Figure 2.  Timeline for monitoring and treatment implementation 
 

Prescribed burns were successfully carried out by a contracting firm on 

October 10, 2006.  Additional burning on adjacent parcels that were not part of 

this study was carried out several weeks later, during which a small portion of one 

treatment unit was inadvertently burned.  No measured plots were affected by that 

burn and no other burning occurred in this study. 

Seeding of all treatments was completed on October 14, 2006 by USFWS 

personnel, who used a Truax no-till drill attached to a New Holland TS-110 

tractor.  The same seed mixture was used on all treated sites (Appendix 1).  Seed 

species were selected by NSN botanists after they reviewed composition of 
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remnant wet prairie communities within the Willamette Valley.  The list of 

common species found in these ecosystems was then compared to available local 

seed sources.  The amount of each species’ seed that was included in this mix was 

based on germination rates and cost of seed; in some instances high cost prohibited 

a species’ inclusion in this study.  The final mix included species which were 

likely to establish well at Mud Slough based upon its hydrology and soil type.     

Treatments that included herbicide application were originally scheduled to 

be sprayed with a grass specific herbicide (Poast©) 3 wk after the prescribed burn.  

Due to the late completion of the prescribed burn, however, herbicide application 

did not occur until April 5, 2007 (Fig. 2), when standing water was still present 

over parts of the site.  AquaMaster© (glyphosate) was used instead of Poast© due 

to label restrictions of grass specific herbicides in wetland and aquatic 

environments during periods of inundation.  Glyphosate is a broad spectrum 

herbicide and, therefore, was anticipated to kill both the target grass (Deschampsia 

cespitosa) and non-target forb and grass species.  AquaMaster© was applied at a 

rate of 8.2 l ha-1. 

To minimize damage to seedlings of seeded species, some of which had 

emerged by the date of herbicide application, AquaMaster© was applied using a 

pull-behind weed wiper attached to an ATV.   The weed wiper was adjusted to the 

average height of the remnant D. cespitosa tufts for each treatment unit, which was 

approximately 15 cm.  Many seedlings had emerged by the date of herbicide 

application, but most were below the height of the weed wiper.   One exception 

was Plagiobothrys figuratus (Piper) I.M. Johnston ex M.E. Peck.  This plant was 
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prolific in several of the treatment units and had attained heights ≥ 15 cm by April, 

2007.  By the first round of post-treatment sampling, however, living P. figuratus 

plants were present at the locations where the species had been affected by 

herbicide.  The extent of herbicide effect on this or other species, however, was not 

quantified. 

Community Sampling 
Plots (1 m2) were randomly located within each treatment unit prior to 

implementation of treatments, using Hawth’s Tools extension for ArcGIS.  Plots 

were located on the ground using a Trimble Geo-XT handheld GPS unit with the 

random plots loaded into an ArcPad document.  Species area curves for 

preliminary data suggested that forty plots per treatment unit captured 

approximately 80 percent of the species present within each block.  Therefore 40 

plots per treatment unit (total of 600 plots) were sampled during the second 

pretreatment round in 2006 and twice post-treatment in 2007.  To account for both 

early and late season species, plots were sampled in spring (May to early June) 

each year (henceforth “Round 1”) and again in summer (July to early August) each 

year (henceforth “Round 2”).   

Cover for plant species, litter, and bare ground within each plot was 

recorded using cover classes (1 = 0%; 2= >0 to 1%; 3 = > 1 to 5%; 4 = >5 to 25%; 

5 = >25 to 50%; 6 = >50 to 75%; 7 = >75 to 95%; 8 = >95 to 99%; 9 = >99%).  

Consistency was enhanced by calibrating with reference cards and relying on only 

one observer for all cover class determinations throughout the study.  Species were 

identified using Hitchcock and Cronquist (1973) with additional assistance from 
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the Oregon State University (OSU) Herbarium; nomenclature follows Hitchcock 

and Cronquist (1973). 

Data Analysis 
Because this study focused on treatments that could be applied to full-scale 

restorations, only three replications of each treatment were possible.  Therefore, 

unless otherwise noted, N = 3 for all analyses.  This small sample size limits 

statistical power; while p-values are presented for some results, they are likely 

conservative and should be interpreted with caution.   

All data were back transformed from cover classes to the arithmetic 

midpoints of the percentage ranges prior to data analysis.  Data were aggregated 

from plot level to treatment unit by averaging across all plots sampled per 

treatment unit.  Changes over time were calculated by subtracting 2006 data from 

corresponding 2007 data (e.g. Round 1 2006 was subtracted from Round 1 2007); 

positive values indicate an increase over time, while negative values indicate the 

opposite.  All analyses were performed using PC-ORD (McCune & Mefford 

1999), which was designed for analysis of community data. 

Species were categorized into trait groups based upon place of origin 

(native or exotic), growth form (forb, graminoid, or woody), and persistence 

(perennial or annual).  Vines, subshrubs, and forbs were grouped together as forbs.  

Biennials were treated as annuals.  Traits were determined using the NRCS 

National Plants Database (NRCS 2007b), Whitson (2006), and Hitchcock and 

Cronquist (1973).  Taxa with uncertain origin were excluded from trait group 

characterization.  A complete list of species and designations is included in 
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Appendix 2.  Diversity metrics were calculated for each treatment, including alpha 

diversity (species richness) and Whittaker’s beta diversity, which was used to 

describe the species turnover among plots within treatment and control units.   

To determine if pretreatment plant communities differed among blocks 

(that is, if blocks established during initial surveys were influential), pre-treatment 

data from spring and summer of 2006 and averaged across 2006 sampling rounds 

were analyzed using Permutation Multiple Analysis of Variance tests 

(PerMANOVA).  These tests are analogous to ANOVA, but do not assume 

normality, nor do they rely upon linear relationships between variables (McCune 

& Grace 2002).  PerMANOVAs were based upon Sørenson distance measures, 

and 4994 unique permutations to determine p-values and percent of variance 

explained by the pre-determined grouping variable (block). In assessing block 

effects, blocks were treated as treatments with five replications for each block (N = 

5).  A sample size of five resulted in a sufficient number of permutations to make 

the use of PerMANOVA valid for determining block effects.  Subsequent analyses 

of treatment effects differed depending on whether or not PerMANOVA indicated 

that significant variation was associated with blocks. 

In cases where PerMANOVA suggested that blocks explained a significant 

amount of variation within the data, I used a blocked version of Multi-response 

Permutation Procedure (MRPP, Mielke 1984, Zimmerman 1985; blocked version, 

MRBP, Mielke 1984) to test whether communities differed among treatment 

groups (including controls). MRPP and MRBP test for similarities within groups 

and differences between groups and report A-values.  A-values represent chance-
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corrected within group agreement; A-value of 1 indicates perfect agreement of 

items within a group, and perfect dissimilarity between groups (ie all green 

marbles in one group, all yellow marbles in another); when A is equal to 0, the 

heterogeneity within groups is equal to that expected by chance (green and yellow 

marbles are more or less equally distributed); A-values of less than 0 are 

associated with more heterogeneity within groups than would be expected due to 

chance. 

Where PerMANOVA suggested that blocks were not associated with 

significant variance in community data, I used MRPP to test for significance of 

community difference among treatments (including controls).  MRPP was used to 

compare difference matrices (ie. Round 1 2007 – Round 1 2006; Round 2 2007 – 

Round 2 2006; Mean 2007 – Mean 2006) among treatments, and was based on 

Euclidean distances because matrices contained some negative numbers.   

Determining that treatments differ in their effects on plant community 

composition does not characterize the nature of these differences.  To attempt to 

characterize the specific effects of each treatment, I used non-metric 

multidimensional scaling (NMS) ordination of species cover data averaged across 

sampling rounds for 2007 and aggregated to the treatment unit level.  Sørenson 

distance was used with a random starting configuration based on time of day.  

One-hundred twenty-two iterations (runs) of real data resulted in the final three-

dimensional solution.  Non-metric multidimensional scaling does not presuppose 

linear relationships among variables, but seeks to minimize “stress” by arranging 

treatment units in species space such that similar units are closer together and 
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dissimilar units are farther apart (Kruskal 1964, McCune and Grace 2002).  

“Stress” is measured as the difference between an ideal configuration (using one 

dimension for each variable or species) and the proposed configuration (a lower 

dimensional, computer-generated solution).  Low stress indicates that the proposed 

configuration with fewer dimensions adequately approximates the full model.  

Reduction in dimensionality typically occurs because many of the species co-vary, 

allowing for one axis to represent multiple species groups (ie. wetland grasses, 

annual exotics, etc.).   

I used Indicator Species Analysis (ISA, Dufrêne and Legendre 1997) to 

determine whether any seeded or naturally occurring species occurred 

predominantly in one treatment group.  Cover data averaged across post-treatment 

(2007) sampling rounds were used to complete ISA.  A Monte Carlo test of 

significance with 4994 unique permutations was used to determine which species 

were indicators for each treatment group.  A perfect indicator species would be 

present consistently (with 100 percent frequency and high abundance) in one 

group and would not be found in any other groups.  Indicator values (IV) range 

from zero to 100 percent.  A perfect indicator has an IV of 100 percent; a species 

occurring equally in all groups has an IV of 0 percent. 

In addition to facilitating establishment of seeded species, enhancement of 

overall native cover and diversity was a goal of this study.  I reviewed changes in 

number and percent cover of native and exotic species to determine whether 

treatments differed in effectiveness at increasing native plant cover or species 

richness and whether any pre-seeding treatments appeared to enhance invasion by 
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exotic plants.  I used a difference matrix (2007 mean – 2006 mean) to plot changes 

in native and exotic cover and species richness between pre- and post-treatment 

years.  Differences in pre- and post-treatment species richness and cover among 

treatments were assessed visually.  Tests of significance for differences in richness 

or cover changes among treatments (including controls) were conducted using 

Analysis of Variance (ANOVA; Randomized Complete Block design). 

To assess responses of individual seeded species across treatments, pre- to 

post-treatment differences (2007 mean – 2006 mean) were averaged across the 

four treatment groups.  The means were plotted to assess visually the 

establishment success of each seeded species in establishing.  The success of 

individual species was not assessed by treatment, given the large number of seeded 

species (N = 27), yet small number of treatment replications (N = 3 per treatment); 

indicator species analysis would, however, have been likely to detect strong 

associations of species with treatments.    The effect of treatments on 

establishment of seeded species collectively was also assessed by plotting the 

difference between post- and pre-treatment cover of all seeded species (sum of 

cover for all seeded species by plot, averaged within treatment units; tests of 

significance were not completed, owing to small sample size and large within 

treatment variability).  

Results 
Community composition as described by cover of various trait groups 

changed from initially native, perennial graminoid dominated (mostly 

Deschampsia cespitosa) in 2006, to more varied trait group composition post-
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treatment, in 2007 (Fig. 3).  The post-treatment plant community appeared to 

increase particularly in both native annual forb and exotic annual forb species 

cover, with a large decrease in cover of native perennial grasses likely reflecting 

the decrease in D. cespitosa cover.   
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Figure 3.  Percent cover by trait groups and year.  Data are averaged across 
sampling Round 1 and Round 2 each year and across all treatments and 
controls (N = 30) 
 

Pre-treatment (spring and summer of 2006) species richness varied little 

between units designated to receive alternative treatments, as would be expected 

since treatments were not implemented until after these samplings were completed 

(Table 1).  A total of 89 species were observed across spring and summer pre-

treatment sampling in 2006; post-treatment, in 2007, 119 species were observed.  

A mean of 24 species per treatment unit were found across sampling rounds and 

treatment units in 2006, with a corresponding mean of 37 species in 2007.  
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Differences in species richness between treatments and controls were apparent in 

2007 with control units appearing to support lower species richness than treated 

units (Table 1).   

Table 1.  Total and mean number of species per treatment broken down by 
sampling round or year.  Totals are corresponding values across all 
treatments and controls.  Round 1 and 2 – spring and summer sampling 
respectively.  N = 3 units per treatment, sampling period.  
 

 Pre-treatment (2006)  Post-treatment (2007) 

 Round 1 Round 2 Across 
rounds  Round 1 Round 2 Across 

rounds 
 Total Mean/ 

unit Total Mean/
unit Total Mean/ 

unit  Total Mean/ 
unit Total Mean/ 

unit Total Mean/ 
unit 

Control 45 24 42 22 54 23  46 27 36 21 49 24 
Burn 47 25 40 23 62 24  71 47 65 41 85 44 

Burn + 
Herbicide 46 25 40 25 59 25  69 43 69 42 88 43 

Mow 48 23 46 25 62 24  67 36 70 37 83 27 
Mow + 

Herbicide 45 24 44 26 58 25  80 48 73 46 95 47 

TOTAL 72 24 72 24 89 33  104 40 100 37 121 50 
 
 Beta diversity tended to decrease from pre- to post-treatment sampling 

rounds for all treatment units; controls remained approximately equal across all 

sampling rounds.  Beta diversity in burning and burning + herbicide treatment 

units appeared to decrease more than in either mow treatment.   

Table 2.  Whittaker's beta diversity for each treatment and control group.  
Round 1 and 2 – spring and summer sampling respectively.  N = 90 plots per 
treatment or control group and 450 total for Round 1, 2006.  N = 120 plots per 
treatment or control group and 600 total for all other Rounds. 
 

  Pre-treatment (2006)   Post-treatment (2007) 

 
Round 

1 
Round 

2 
Across 
rounds  

Round 
1 

Round 
2 

Across 
rounds 

Control 7.9 7.0 7.0  8.2 6.5 6.6 
Burn 7.8 9.3 8.1  5.1 5.9 4.6 

Burn + Herbicide 9.8 7.0 9.3  4.8 5.4 4.3 
Mow 11.1 10.3 10.2  8.2 8.9 6.9 

Mow + Herbicide 7.9  8.1   7.6  7.6  7.0  6.0 
TOTAL   14.2 14.7   13.1   10.4 13.5 13.4  
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Block Effects 
Plant community data (percent cover by species) collected pre-treatment in 

spring 2006, summer 2006, and means across 2006 samplings failed to support the 

hypothesis that plant communities did not differ among blocks (Table 3; 

PerMANOVA; all p-values ≤0.001; 61 to 64 percent of variation accounted for).  

The importance of blocking decreased post-treatment, as variation attributed to 

other causes increased, but blocking continued to explain 24 to 25 percent of the 

variability in the community data (PerMANOVA; p-values 0.006 to 0.009).  In 

comparisons based upon differences between 2007 and 2006 data (ie. post-

treatment minus pre-treatment for each sampling round and for means across 

sampling rounds), however, blocks did not account for significant variation (p-

values 0.156 to 0.549; maximum percent variance explained = 15.655). 

Table 3.  PerMANOVA tests for block effects for each sampling round and 
averaged across rounds for each year. N = 5 for all tests. 
 
  2006  2007 
  Round 1 Round 2 Mean  Round 1 Round 2 Mean 

Percent Variance 
Explained 62.8 60.995 63.885  23.639 25.424 25.031 

F 9.441 8.819 9.845  2.548 2.705 2.669 
p-value 0.001 <0.001 0.001  0.008 0.009 0.006 

 

Treatment Effects on Plant Communities 
Community differences among treatment and control groups were detected 

by MRBP for both post-treatment sampling rounds and for means across rounds 

(Table 4).  Post-treatment community data for Round 1, Round 2, and means 

across Rounds all showed stronger treatment groupings than did pre-treatment data 

(all pre-treatment A-values ≥ 0.249, p-values ≤ 0.005). 
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Table 4.  MRBP tests for treatment effects on community composition for all 
sampling rounds and averaged across sampling rounds within years 
 
 2006  2007 
 Round 1 Round 2 Mean   Round 1 Round 2 Mean 
A-value 0.173 0.0814 0.105  0.312 0.249 0.283 
p-value 0.047 0.131 0.069   0.003 0.004 0.003 

 
Treatment effects would be anticipated only for post-treatment data, but 

MRBP analysis of pre-treatment data for Round 1 suggested that groups differed 

slightly even in advance of treatment (Table 4).  This pre-treatment difference 

among groups was, however smaller than the differences observed in post-

treatment data. 

Block effects were not statistically significant for difference matrices.  

Therefore, MRPP with treatment as the grouping variable (Euclidean distances) 

was used to determine if treatments had significant influences on plant community 

changes pre- to post-treatment.   Significant treatment effects were detected for 

differences in Round 1, Round 2, and the means across sampling rounds; 

heterogeneity within groups was less than expected by chance (Table 5).  

Table 5.  MRPP tests for differences among treatment groups in pre- versus 
post-treatment changes in plant communities (calculated as post-treatment 
minus pre-treatment for each sampling round and for means across sampling 
rounds).  Round 1 = spring, Round 2 = summer. 
 

 Round 1 Round 2 Mean 
A-value 0.196 0.215 0.237 
p-value 0.038 0.016 0.013 
 

Few species emerged as treatment type indicators when data were averaged 

across post-treatment sampling rounds (Table 6).  Deschampsia cespitosa was 

associated with control units.  The burn + herbicide treatment was characterized by 
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the native annual forbs Gnaphalium palustre, Veronica peregrina, and 

Plagiobothrys scouleri.  

Table 6. Indicator species for treatment types based upon post-treatment data 
averaged across sampling rounds.  Only those species with p-values ≤ 0.05 
from ISA are presented. 

 

Similarly, trait groups did not generally indicate particular treatments 

(Table 7).  However, native perennial grasses were strongly associated with 

control plots, likely due to the continued dominance of Deschampsia cespitosa. 

Exotic perennial forbs were indicators for the mow + herbicide treatment. 

Table 7. Indicator trait groups for treatment types based upon post-treatment 
data averaged across sampling rounds.  Only those trait groups with p-values 
≤ 0.05 are presented.  
 

Treatment Trait Group Indicator Value p-value 

Control Native, perennial 
grasses 34% 0.044 

Mow + Herbicide Exotic, perennial forbs 36% 0.047 
 

The NMS ordination of post-treatment community data averaged across 

sampling rounds resulted in a stress level of 5.318, which is acceptably low 

according to Kruskal’s rule of thumb (McCune & Grace 2002).  A three-

dimensional solution was recommended, which represented 93 percent of the 

variability in the community data (Table 8).  Sixteen percent of the variance was 

accounted for by Axis 1, 20 percent by Axis 2, and 57 percent by Axis 3 (Table 8).   

Treatment Species Indicator Value p-value 
 

Control 
 

Deschampsia cespitosa 35% 0.042 

Gnaphalium palustre 44% 0.014 
Veronica peregrina 47% 0.046 Burn + Herbicide 

Plagiobothrys scouleri 68% 0.034 
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Table 8.  Proportion of variation (R-squared values) in post-treatment plant 
community data (mean 2007) accounted for by NMS ordination. 
 

Axis Incremental R-squared Cumulative R-squared 
1 0.164 0.164 
2 0.199 0.363 
3 0.567 0.929 

 

Axis 1 of the NMS ordination represented a gradient from exotic, annual 

forbs to native, annual forbs (Fig. 4, Table 9).  The exotic annuals Anthemis cotula  

 
Figure 4.  NMS ordination of community data averaged across the two post-
treatment sampling rounds.  Plotted points represent treatment units.  Joint 
plot lines indicate strength and direction of variables’ relationships with 
ordination scores: ExAnFrb = exotic, annual forb, ExPerGr = exotic, 
perennial grass, NatAnFrb = native, annual forb, NatPerGr = native, 
perennial grass.  All joint plot rays represent R-squared values of 0.5 or 
greater. 
 
and Vulpia myuros were negatively correlated with this axis, while Epilobium 

densiflorum, a native, annual forb, was positively correlated with Axis 1 (Table 9, 

Appendix 3).  Axis 2 varied from predominantly native forbs at the low end to 

exotic graminoids higher on the axis.  Roripippa curvisiliquea, Chenopodium 

album, and Typha latifolia were some of the forb species found towards the lower 
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end of Axis 2.  The high end of Axis 2 was characterized by strong associations 

with the exotic graminoids Holcus lanatus, Festuca arundinaceae, and Briza 

minor.   Axis 3 represents a gradient of decreasing disturbance to Deschampsia 

cespitosa.  Deschampsia cespitosa was positively associated with the third axis 

with a tau of 0.924, a correlation that is almost three times greater than the next 

most positively associated species.  This axis, which had the most explanatory 

power of the three axes, was clearly most strongly influenced by abundance of D. 

cespitosa (Table 9).  

 
Table 9.  Correlation (Kendall’s Tau) of species with ordination axes.  Only 
species with the five strongest positive and negative Tau values for each axis 
are presented (five positive and five negative per axis). 
 

Species Tau, 
Axis1 Species Tau, 

Axis2 Species Tau, 
Axis3

Anthemis cotula -0.547 Rorippa 
curvisiliqua -0.676 Achillea 

millefolium -0.703 

Poa pratensis -0.507 Chenopodium 
album -0.578 Epilobium 

densiflorum -0.657 

Vulpia myuros -0.507 Typha latifolia -0.507 Lotus spp. -0.638 
Navarretia 

squarrosa -0.484 Solanum 
dulcamara -0.471 Juncus 

bufonius -0.638 

Poa trivialis -0.47 Alisma plantago-
aquatica -0.47 Sanguisorba 

occidentalis -0.637 

Festuca 
arundinaceae 0.529 Holcus lanatus 0.677 Deschampsia 

cespitosa 0.924 

Epilobium 
densiflorum 0.448 Festuca 

arundinaceae 0.67 Ludwigia sp. 0.313 

Alopecurus 
geniculatus 0.418 Parentucellia 

viscosa 0.631 Fraxinus 
latifolia 0.297 

Polygonum 
persicaria 0.403 Juncus tenuis 0.552 Galium aparine 0.261 

Amaranthus spp. 0.365 Briza minor 0.505 Centaurium 
erythraea 0.247 

 
Control units tended to separate from treatment + seeding units towards the 

high end of Axis 3 (Fig. 4).  This probably resulted from the tendency of control 

units to be dominated by Deschampsia cespitosa.   Mowed units were located near 
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control units in the ordination space, indicating a similarity in species composition 

between mowed and control units, while mowing + herbicide units were located 

more centrally within the ordination.  Burning and burning + herbicide units were 

located towards the lower (less D. cespitosa dominated) end of Axis 3.  Units that 

were burned but did not receive herbicide were clustered more strongly towards 

the upper end of Axis 2 than were units that were burned + herbicide, suggesting 

an association of burn treatment with exotic graminoids.  Burn + herbicide units 

were clustered towards the high, exotic perennial end of Axis 1, while burn only 

units spanned this axis. 

Treatment Effects on Establishment of Seeded Species 
Twenty of the 27 seeded species were detected in 2007 sampling rounds 

(Appendix 1).  Some of the species that emerged performed better than others in 

terms of percent cover, and some treatments differentially favored total cover of 

seeded species.  Of the seeded species, Epilobium densiflorum established most 

abundantly as measured by percent cover, followed by Plagiobothrys figuratus and 

Prunella vulgaris (Fig. 5). Burning and burning followed by herbicide application 

appeared to be most effective at fostering enhanced cover of the seeded species 

(Fig. 6).  All four treatments increased seeded species richness compared to the 

unseeded control (Fig. 7).  Differences in seeded species cover and richness among 

treatments (including controls) were statistically significant (maximum p = 0.041; 

Table 10).  
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Figure 5: Establishment of seeded species.  Bars indicate change in mean 
cover (%) of seeded species across treatments (excluding controls) from 2006 
to 2007.  No species with less than 0.01 percent increase cover from 2006 to 
2007 are displayed.  Species codes: ACMI2 = Achillea millefolium, AGEX = 
Agrostis exarata, CAUN3 = Carex unilateralis, EPDE4 = Epilobium 
densiflorum, ERLA6 = Eriophyllum lanatum, GRIN = Grindelia integrifolia, 
HOBR2 = Hordeum brachyantherum, JUTE = Juncus tenuis, PLCO4 = 
Plectritis congesta, PLFI = Plagiobothrys figuratus, POGR9 = Potentilla 
gracillis, PRVU = Prunella vulgaris, RAOR3 = Ranunculus orthorhynchus, 
SAOC2 = Sanguisorba occidentalis 
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Figure 6.  Changes in percent cover of seeded species from 2006 to 2007 
summed across all seeded species.  Plotted points = treatment units. 
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Table 10.  ANOVA (Randomized Complete Block design) tests for differences 
in richness and cover changes among all treatment and control groups.  
Changes calculated as post- (2007) minus pre-treatment (2006) plant 
community data.  Statistically significant results (p < 0.05) are denoted with 
an asterisk (*) 
 

Parameter Degrees of 
freedom F p-value 

Seeded species richness    
 block 2 0.602 0.571 
 treatment 4 4.161 0.041* 
Seeded species cover    
 block 2 2.592 0.136 
 treatment 4 4.762 0.029* 
Native species richness    
 block 2 0.668 0.539 
 treatment 4 3.131 0.794 
Exotic species richness    
 block  2 0.224 0.804 
 treatment 4 6.067 0.015* 
Native species cover    
 block 2 3.484 0.082 
 treatment 4 35.642 < 0.001* 
Exotic species cover    
 block 2 2.627 0.132 
 treatment 4 0.933 0.491 
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Figure 7.  Changes in seeded species richness from 2006 to 2007 summed 
across all seeded species.  Plotted points = treatment units. 

Treatment Effects on Native and Exotic Species Richness 
and Cover 

Treatments generally appeared to cause increases in both native and exotic 

species richness, although differences among treatment types (including controls) 

were not statistically significant for native species, while they were for exotic 

species (Table 10).  Changes in richness for the two trait groups varied by 

treatment and within treatment variability was extensive, particularly for changes 

in native species richness (Fig. 8).  Changes in native and exotic species richness 

were minimal for controls.   
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Figure 8.  Difference in species richness (native and exotic) between pre-
treatment and post-treatment samples (mean 2007 species richness – mean 
2006 species richness), broken down by treatment.  Plotted points = treatment 
units.  All burn + herbicide treatments increased by five exotic species; they 
are presented for clarity using a jiggering method.  Two of the mow 
treatments decreased by one exotic species and are similarly represented. 

 

Cover by native species decreased for all treatments when Deschampsia 

cespitosa was included in analysis, however, after this species was deleted from 

the data set it appeared that native species cover actually increased, at least 

slightly, after all treatments (Fig. 9, Table 10).  Within treatment variability in 

cover responses was generally smaller than was variability for richness responses 

(Figs. 7 and 8).  The burn treatment appeared to favor increases in native species 

cover more than it enhanced exotic cover.  Native species cover appeared to 

increase more after the burn treatment than after other treatments or than in 

controls.  Effects of the other treatments on native species cover were essentially 

BURN CONTROL 
BURN + 
HERB

MOW + 
HERB MOW 
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indistinguishable from one another, with the possible exception of burn + 

herbicide, which may have increased native species cover slightly more than did 

treatments involving mowing.  While exotic species cover also appeared to 

increase after treatments, differences among treatments (including controls) were 

not statistically significant (Table 10).  Mowing + herbicide tended to enhance 

exotic species cover more than other treatments, paralleling finding for species 

richness (Fig. 8), but differences between this and other treatments were only 

weakly suggestive.  Neither native nor exotic species cover appeared to change in 

controls.   
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Figure 9.  Pre- to post-treatment change in percent cover (mean 2007 cover – 
mean 2006 cover) of native and exotic species, excluding Deschampsia 
cespitosa, broken down by treatment.  Plotted points = treatment units.  Units 
with the same treatment and change in cover are represented by slight 
jiggering for the purposes of clarity.  
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Discussion 
Restoration of wetlands from arable land continues to be a large focus for 

governmental and private restoration ecologists (e.g. Jackson 1999; Jackson 2002; 

Timbath 2006; NRCS 2007a).  To maximize the success of wetland restoration 

efforts, it is imperative to understand the best methods for increasing diversity and 

cover of native species without sacrificing space to exotic species.  Seeding with a 

native species mix can greatly increase the diversity of native plants at a site.  

However, adding seed to otherwise undisturbed land may be insufficient to ensure 

establishment of many species (Kleijn 2003).  A combination of seed addition and 

microsite creation is likely the best option for management (e.g. Jutila & Grace 

2002; Kleijn 2003; Hofmann & Isselstein 2004; Hölzel 2005). 

My results suggest that seeding in conjunction with pre-seeding 

management did tend to increase native species cover and richness in the first year 

post-treatment; although treatment effects on native species richness were not 

statistically significant, probably because of extensive within-treatment variability.  

Seeding was successful in enhancing both richness and cover of seeded species in 

the first year after treatment.  Monitoring over a longer time period will be 

necessary to determine whether treated and seeded areas continue to show 

enhanced native species richness and cover.   

The extent to which treatments favored establishment of seeded species, 

enhanced cover or richness of native species, and affected exotic species cover or 

richness varied by treatment.  This variability corresponds, at least in part, to the 

different ways in which burning, mowing, and herbicide application are known to 

affect plant communities. 
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Burning removes biomass, thus increasing bare ground and potential safe 

sites for seedling establishment.  The uneven nature of burns can lead to a diversity 

of microhabitats that favor different species.  The increased gamma diversity 

observed for all burn and burn + herbicide treatment units post-treatment may have 

resulted from such microsite creation.  The decreases in beta diversity observed 

following burn treatments indicate that substrates were more homogenous 

throughout, with less variability between individual plots, after treatments than 

before.  Variation within plots was not measured, so it is difficult to determine if 

microsites were responsible for the additional species richness observed. All 

seeded treatments appeared to increase homogeneity, as reflected by beta diversity, 

relative to that found in controls; beta diversity in burn treatments decreased the 

most.   

Duration and intensity of burn can also influence the relative establishment 

of native or exotic species.  Burning can favor seedling recruitment of native 

grasses over that of forbs or exotic grasses (Gillespie & Allen 2004).  However, 

burning can also facilitate establishment of exotic forbs (Lesica & Martin 2003).   

Burning degraded sites can increase native species establishment, but burning of 

more pristine areas can increase invasion by exotic species (Maret & Wilson 2000, 

2005).  In my study, burning treatments appeared to be more effective than 

mowing treatments at enhancing cover of the seeded species, and burning without 

follow-up herbicide was particularly effective at enhancing cover of native species 

in general.  Burning was not, however, more effective at enhancing native species 

richness than the other seeding treatments compared to that in controls.   
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The relative benefit of burning compared to other seeded treatments in 

terms of enhancing native cover and seeded species cover and richness may result 

largely from the associated removal of aboveground biomass (Blair 1997).  

Seedling establishment in chalk grasslands was positively correlated with 

increased levels of biomass removal (Hutchings & Booth 1996).  In coastal prairie 

grasslands, seedling emergence increased across a gradient from sod that was 

uncut to sod with complete plant removal (Jutila & Grace 2002), and seedling 

establishment was most successful in treatments with lowest plant cover 

(Stevenson & Smale 2005).   

Mowing or clipping treatments can encourage maintenance of established 

native communities by decreasing the cover of exotic grasses (e.g. Dyer & Rice 

1997, Hayes & Holl 2003, Hofmann & Isselstein 2004).  However, exotic forbs 

can also be favored by clipping (Hayes and Holl 2003).  Fewer studies have 

assessed the effectiveness of mowing prior to seeding than its effect on established 

plant communities.  In some cases, cutting (mowing without removing biomass) is 

less effective at encouraging seedling establishment than is haying (mowing 

followed by biomass removal), burning, or plant removal (Jutila & Grace 2002).   

In my study, mowing increased seeded species richness and cover relative 

to controls, but it was not as effective at increasing seeded species cover as were 

burn or burn + herbicide treatments.  The litter that remained from the mow 

treatments may have impeded soil-seed contact and, hence, seedling germination. 

Mowing without removal of biomass (as opposed to “haying”) differs from 

burning in several ways that could be important for seedling establishment.  Less 
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bare ground is usually exposed by mowing than by burning, hence more light and 

space are generally available after burn treatments than after mowing.  While 

presence of vegetation can be an advantage for establishment of late succesional 

species, pre-existing vegetation is generally considered to be limiting for seedling 

establishment (Kleijn 2003).  In my study, the additional remnant biomass left 

after mowing as opposed to burning treatments appears to have been detrimental to 

seedling establishment as measured by percent cover.    

Mowing also differs from burning in that mowing does not alter rapidly the 

chemical composition of biomass.  For example, burning can volatilize nitrogen 

from organic matter, making it unavailable for use by plants and other organisms 

(Brye 2002).  Nitrogen is often of concern, as it tends to limit plant productivity in 

grasslands.  Effects of fire on nitrogen availability depend on burn temperature and 

duration; some fires increase available nitrogen by increasing mineralization (e.g. 

Blair 1997), while others decrease nitrogen availability (e.g. Brye 2002, Johnson & 

Matchett 2001).  In some cases, the impact of changes in nitrogen availability on a 

plant community decreases over subsequent growing seasons (e.g. Averett et al. 

2004).  For a study focused on seedling establishment, however, a short term, rapid 

increase or decrease in nitrogen availability may have an important influence on 

changes in plant community composition, at least in the first few years.  An 

increase in available nitrogen might be expected to enhance cover, but may 

decrease species richness (Green & Galatowitsch 2002).  Conversely, decreased 

nitrogen availability might limit cover, but could favor establishment of more 

species. 
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Mowing, unlike burning, does not provide a mechanism for increasing 

available nitrogen over the short term.  It may affect nitrogen pools in the opposite 

way from some fires by increasing the carbon to nitrogen ratio in the soil.  

Analogous to addition of sucrose or sawdust, cut biomass resulting from mowing 

can effectively reduce available nitrogen for plants by supplying microbes with 

additional carbon sources, thus, increasing their nitrogen demand and increasing 

rates of nitrogen immobilization. 

Lowered soil available nitrogen can foster establishment of native species 

(e.g. Ewing 2002; Petersen et al. 2004; Stevenson & Smale 2005; Critchley et al. 

2007).  Conversely, areas with high levels of available soil nitrogen may be more 

subject to invasion by exotic species (e.g. Green & Galatowitsch 2002; Seabloom 

et al. 2003; Sheley et al. 2006) and show relatively low plant diversity (Green & 

Galatowitsch 2002).  Carbon addition to soils can, in some cases, benefit native 

species while hindering exotic plants by artificially lowering nitrogen availability 

(Averett et al. 2004; Prober et al 2005).  My results do not suggest that native plant 

species were benefitted strongly by carbon addition associated with mowing.  

Mowing treatments tended to result in less cover of seeded species than was found 

after burning, neither native species richness nor cover were enhanced by mowing 

compared to burning, and mowing treatments did not suppress exotic species. 

Use of herbicide prior to seeding can decrease competition from 

established vegetation (Sheley et al. 2002).  However, its effectiveness at 

controlling exotic species is variable and often depends on its being integrated 

with other techniques (Paynter & Flanagan 2004; Wilson & Clark 1997).  In my 
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study, herbicide application may have benefitted seeded or other native species, 

but it also tended to increase exotic species richness over that found in controls.  

Furthermore, herbicide may have resulted in death or reduced vigor in some of the 

seeded or non-target native plants, particularly because it was applied after some 

seedlings had emerged.   Such adverse effects were not, however, obvious based 

on first-year cover of the seeded species in areas treated with herbicide compared 

to those where treatments did not include herbicide application.  Herbicide may 

have reduced competition from Deschampsia cespitosa, but it does not appear to 

have hindered exotic species establishment and may have damaged desirable plant 

species. 

Conclusions and Management Implications 
Restoration ecologists should consider the unique conditions of a site 

before creating a management plan.  If a community is highly degraded, 

aggressive management techniques involving several years of herbicide 

application integrated with other practices (e.g. tilling) may be necessary.  Sites 

with relatively high diversity of native species may require less aggressive 

management to maintain or restore the community.  Disturbance is integral to wet 

prairie function and composition, however any management involves risk.  For 

example, at the site studied in this project, prescribed burning was apparently most 

effective at enhancing cover of seeded and naturally-occurring native species.  

This management technique, however, also may have increased cover and richness 

of exotic species compared to the unmanipulated control.   
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While burning + seeding and burning + seeding + herbicide seemed to be 

most effective at increasing cover of seeded species and burning + seeding 

appeared to be particularly effective at enhancing cover of native species in 

general, it isn’t certain that these findings would apply to other wet prairie 

restoration efforts in the Willamette Valley or elsewhere.  Because this study was 

conducted on only one site, inferences are limited to that site.  Further research is 

needed to determine whether one treatment is most effective at increasing native 

and seeded species in other wet prairie systems, while simultaneously, diminishing 

pressure of exotic species, and, if so, which treatment that is.  In the meantime, 

despite limited statistical inference, results from this study should assist land 

managers as they pursue similar restoration efforts in the region.   

Establishment of seedlings does not guarantee successful persistence of a 

plant community.  Although seedling establishment is critical for the development 

of a prairie community, site dynamics can change dramatically between the initial 

post-treatment year and several years later.  For example, only 20 of the 27 seeded 

species were observed in the first season following seeding.  Some seed of species 

that were not detected in the first year may remain viable in the seed bank, leading 

to establishment of these species in following years.  Additionally, some species 

that were detected in the first year may spread or fail to persist.   

To determine which, if any, treatment will be most effective at enhancing 

diversity and cover of native species and reducing the influence of exotic species 

on the site I studied over the longer term, monitoring should continue over the next 

decade.  Some effects of management may not be visible in the plant community 
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for five to ten years (Zedler & Callaway 1999).  Therefore, I recommend that 

monitoring of the WRP site reported on here be completed five years post 

treatment and again after ten years.  As additional management becomes necessary 

to maintain the native species richness and dominance on this site, monitoring 

reports can guide the techniques being implemented.  Ideally, responses on this 

site will inform future management in wet prairie ecosystems throughout the 

Willamette Valley.   

Wet prairie ecosystems provide diverse habitats, but restored wetlands may 

not achieve the species diversity of remnant native prairies without active and 

carefully selected management to encourage establishment and, ultimately, 

persistence of a diverse native species matrix. 
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Appendices 

Appendix 1.  List of plant species seeded in treatment units, 
fall 2006. 

Family  Scientific Name Grams 
Seeded/Hectare Detected in 2007 

Asteraceae Achillea millefolium 68.88 X 
Poaceae Agrostis exarata 174.52 X 
Liliaceae Camassia leichtlinii 264.46 - 

Cyperaceae Carex densa 29.65 X 
Cyperaceae Carex unilateralis 28.42 X 
Onagraceae Clarkia amoena and C. purpurea 23.66 X 

Poaceae Danthonia californica 143.63 - 
Onagraceae Epilobium densiflorum 460.17 X 
Asteraceae Eriophyllum lanatum 292.57 X 
Poaceae Glyceria occidentalis 19.09 X 

Asteraceae Grindelia integrifolia 16.06 X 
Poaceae Hordeum brachyantherum 325.75 X 

Juncaceae Juncus tenuis 9.27 X 
Apiaceae Lomatium nudicaule 123.54 - 
Fabaceae Lotus unifoliolatus var. unifoliolatus 140.73 - 
Fabaceae Lupinus bicolor 83.40 X 
Fabaceae Lupinus polyphyllus 170.25 - 
Fabaceae Lupinus rivularis 195.46 X 

Boraginaceae Plagiobothrys figuratus 59.31 X 
Valerianaceae Plectritis congesta 74.50 X 

Rosaceae Potentilla gracilis 275.77 X 
Lamiaceae Prunella vulgaris ssp. lanceolata 366.27 X 

Ranunculaceae Ranunculus orthorhynchus 344.28 X 
Rosaceae Sanguisorba occidentalis 90.69 X 

Saxifragaceae Saxifraga oregana 3.71 - 
Malvaceae Sidalcea campestris 195.46 X 
Asteraceae Wyethia angustifolia 26.44 - 
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Appendix 2.  List of plants sampled at Mud Slough, 2006 and 2007 
Sources of data include NRCS National Plants Database (NRCS 2007b), Whitson (2006), and Hitchcock and Cronquist (1973) 

Family Taxon Growth Form Nativity Annual or Perennial Trait Group  
(defined for this study) 

Asteraceae Achillea millefolium FORB/HERB NATIVE PERENNIAL Native, Perennial Forb 
Poaceae Agrostis exarata GRAMINOID NATIVE PERENNIAL Native, Perennial Graminoid 
Poaceae Agrostis stolonifera GRAMINOID NATIVE PERENNIAL Native, Perennial Graminoid 

Alismataceae Alisma plantago-aquatica FORB/HERB EXOTIC PERENNIAL Exotic, Perennial Forb 

Poaceae Alopecurus geniculatus GRAMINOID EXOTIC PERENNIAL Exotic, Perennial Graminoid 
Poaceae Alopercurus pratensis GRAMINOID EXOTIC PERENNIAL Exotic, Perennial Graminoid 

Amaranthaceae Amaranthus spp. FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 
Primulaceae Anagallis arvensis FORB/HERB EXOTIC ANNUAL, BIENNIAL Exotic, Annual Forb 
Asteraceae Anthemis cotula FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 

Liliaceae Asparagus officinalis FORB/HERB EXOTIC PERENNIAL Exotic, Perennial Forb 
Poaceae Beckmannia syzigachne GRAMINOID NATIVE ANNUAL Native, Annual Graminoid 

Asteraceae Bidens spp. FORB/HERB UNKNOWN UNKNOWN   
Asteraceae Bidens frondosa FORB/HERB NATIVE ANNUAL Native, Annual Forb 

Poaceae Briza minor GRAMINOID EXOTIC ANNUAL Exotic, Annual Graminoid 
Poaceae Bromus racemosus GRAMINOID EXOTIC ANNUAL Exotic, Annual Graminoid 

Brassicaceae Cardamine oligosperma FORB/HERB NATIVE ANNUAL, BIENNIAL, 
PERENNIAL Native, Annual Forb 

Cyperaceae Carex densa GRAMINOID NATIVE PERENNIAL Native, Perennial Graminoid 
Cyperaceae Carex unilateralis GRAMINOID NATIVE PERENNIAL Native, Perennial Graminoid 

Gentianaceae Centaurium erythraea FORB/HERB EXOTIC ANNUAL, BIENNIAL Exotic, Annual Forb 
Caryophyllaceae Cerastium glomeratum FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 
Caryophyllaceae Cerastium viscosum FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 

Chenopodiaceae Chenopodium album FORB/HERB NATIVE AND 
EXOTIC ANNUAL Exotic, Annual Forb 

Asteraceae Chrysanthemum 
leucanthemum FORB/HERB EXOTIC PERENNIAL Exotic, Perennial Forb 
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Asteraceae Cirsium arvense FORB/HERB EXOTIC PERENNIAL Exotic, Perennial Forb 
Asteraceae Cirsium vulgare FORB/HERB EXOTIC BIENNIAL Exotic, Annual Forb 
Onagraceae Clarkia amoena FORB/HERB NATIVE ANNUAL Native, Annual Forb 
Onagraceae Clarkia purpurea FORB/HERB NATIVE ANNUAL Native, Annual Forb 

Portulacaceae Claytonia sp. FORB/HERB UNKNOWN UNKNOWN   

Convolvulaceae Convolvulus arvensis VINE 
FORB/HERB EXOTIC PERENNIAL Exotic, Perennial Forb 

Rosaceae Crataegus douglasii TREE SHRUB NATIVE PERENNIAL Native, Perennial Woody 
Asteraceae Crepis capillaris FORB/HERB EXOTIC ANNUAL, BIENNIAL Exotic, Annual Forb 
Apiaceae Daucus carota FORB/HERB EXOTIC BIENNIAL Exotic, Annual Forb 
Poaceae Deschampsia cespitosa GRAMINOID NATIVE PERENNIAL Native, Perennial Graminoid 
Poaceae Digitaria sanguinalis GRAMINOID NATIVE ANNUAL Native, Annual Graminoid 

Campanulaceae Downingia elegans FORB/HERB NATIVE ANNUAL Native, Annual Forb 

Cyperaceae Eleocharis acicularis GRAMINOID NATIVE ANNUAL, 
PERENNIAL Native, Annual Graminoid 

Cyperaceae Eleocharis palustris GRAMINOID NATIVE PERENNIAL Native, Perennial Graminoid 
Onagraceae Epilobium spp. FORB/HERB NATIVE UNKNOWN   
Onagraceae Epilobium ciliatum FORB/HERB NATIVE PERENNIAL Native, Perennial Forb 
Onagraceae Epilobium densiflorum FORB/HERB NATIVE ANNUAL Native, Annual Forb 
Onagraceae Epilobium paniculatum FORB/HERB NATIVE ANNUAL Native, Annual Forb 
Onagraceae Epilobium pygmaeum FORB/HERB NATIVE ANNUAL Native, Annual Forb 

Asteraceae Eriophyllum lanatum SUBSHRUB 
FORB/HERB NATIVE ANNUAL, 

PERENNIAL Native, Annual Forb 

Apiaceae Eryngium petiolatum FORB/HERB NATIVE PERENNIAL Native, Perennial Forb 
Poaceae Festuca arundinaceae GRAMINOID EXOTIC PERENNIAL Exotic, Perennial Graminoid 
Oleaceae Fraxinus latifolia TREE NATIVE PERENNIAL Native, Perennial Woody 
Rubiaceae Galium spp. FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 

Rubiaceae Galium aparine VINE 
FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 

Rubiaceae Galium parisiense FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 
Geraniaceae Geranium dissectum FORB/HERB EXOTIC ANNUAL, BIENNIAL Exotic, Annual Forb 

Poaceae Glyceria occidentalis GRAMINOID NATIVE PERENNIAL Native, Perennial Graminoid 
Asteraceae Gnaphalium palustre FORB/HERB NATIVE ANNUAL Native, Annual Forb 
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Asteraceae Grindelia integrifolia SUBSHRUB 
FORB/HERB NATIVE PERENNIAL Native, Perennial Forb 

Apiaceae Heracleum lanatum FORB/HERB NATIVE PERENNIAL Native, Perennial Forb 
Poaceae Holcus lanatus GRAMINOID EXOTIC PERENNIAL Exotic, Perennial Graminoid 

Poaceae Hordeum brachyantherum GRAMINOID NATIVE PERENNIAL Native, Perennial Graminoid 

Clusiaceae Hypericum perforatum FORB/HERB EXOTIC PERENNIAL Exotic, Perennial Forb 
Asteraceae Hypochaeris radicata FORB/HERB EXOTIC PERENNIAL Exotic, Perennial Forb 
Juncaceae Juncus bufonius GRAMINOID NATIVE ANNUAL Native, Annual Graminoid 
Juncaceae Juncus effusus GRAMINOID NATIVE PERENNIAL Native, Perennial Graminoid 
Juncaceae Juncus tenuis GRAMINOID NATIVE PERENNIAL Native, Perennial Graminoid 

Scrophulariaceae Kickxia elatine FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 
Asteraceae Lactuca spp. FORB/HERB UNKNOWN UNKNOWN   
Asteraceae Lactuca serriola FORB/HERB EXOTIC ANNUAL, BIENNIAL Exotic, Annual Forb 

Fabaceae Lathyrus angulatus VINE 
FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 

Poaceae Lolium sp. GRAMINOID EXOTIC UNKNOWN   
Fabaceae Lotus spp. FORB/HERB NATIVE UNKNOWN   
Fabaceae Lotus pinnatus FORB/HERB NATIVE PERENNIAL Native, Perennial Forb 
Fabaceae Lotus purshianus FORB/HERB NATIVE ANNUAL Native, Annual Forb 

Onagraceae Ludwigia sp. FORB/HERB UNKNOWN UNKNOWN   
Fabaceae Lupinus spp. FORB/HERB NATIVE UNKNOWN   
Fabaceae Lupinus bicolor FORB/HERB NATIVE ANNUAL Native, Annual Forb 

Fabaceae Lupinus rivularis SUBSHRUB 
FORB/HERB NATIVE PERENNIAL Native, Perennial Forb 

Lythraceae Lythrum hyssopifolia FORB/HERB EXOTIC ANNUAL, BIENNIAL Exotic, Annual Forb 
Asteraceae Madia glomerata FORB/HERB NATIVE ANNUAL Native, Annual Forb 
Asteraceae Madia Molina FORB/HERB NATIVE ANNUAL Native, Annual Forb 
Asteraceae Matricaria matricarioides FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 
Lamiaceae Mentha pulegium FORB/HERB EXOTIC PERENNIAL Exotic, Perennial Forb 

Boraginaceae Myosotis discolor FORB/HERB EXOTIC ANNUAL, 
PERENNIAL Exotic, Annual Forb 
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Boraginaceae Myosotis laxa FORB/HERB NATIVE ANNUAL, BIENIIAL, 
PERENNIAL Native, Annual Forb 

Ranunculaceae Myosurus minimus FORB/HERB NATIVE ANNUAL Native, Annual Forb 
Polemoniaceae Navarretia intertexta FORB/HERB NATIVE ANNUAL Native, Annual Forb 
Polemoniaceae Navarretia squarrosa FORB/HERB NATIVE ANNUAL Native, Annual Forb 

Scrophulariaceae Orthocarpus hispidus FORB/HERB NATIVE ANNUAL Native, Annual Forb 
Poaceae Panicum capillare GRAMINOID NATIVE ANNUAL Native, Annual Graminoid 

Scrophulariaceae Parentucellia viscosa FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 
Scrophulariaceae Pedicularis sp. FORB/HERB UNKNOWN UNKNOWN   

Poaceae Phalaris arundinacea GRAMINOID EXOTIC ANNUAL Exotic, Annual Graminoid 
Boraginaceae Plagiobothrys  FORB/HERB NATIVE ANNUAL Native, Annual Forb 
Boraginaceae Plagiobothrys figuratus FORB/HERB NATIVE ANNUAL Native, Annual Forb 
Boraginaceae Plagiobothrys scouleri FORB/HERB NATIVE ANNUAL Native, Annual Forb 
Valerianaceae Plectritis congesta FORB/HERB NATIVE ANNUAL Native, Annual Forb 

Poaceae Poa spp. GRAMINOID EXOTIC PERENNIAL Exotic, Perennial Graminoid 
Poaceae Poa pratensis GRAMINOID EXOTIC PERENNIAL Exotic, Perennial Graminoid 
Poaceae Poa trivialis GRAMINOID EXOTIC PERENNIAL Exotic, Perennial Graminoid 

Polygonaceae Polygonum spp. FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 
Polygonaceae Polygonum lapathifolium FORB/HERB NATIVE ANNUAL Native, Annual Forb 

Polygonaceae Polygonum persicaria FORB/HERB EXOTIC ANNUAL, 
PERENNIAL Exotic, Annual Forb 

Rosaceae Potentilla gracillis SUBSHRUB 
FORB/HERB NATIVE PERENNIAL Native, Perennial Forb 

Lamiaceae Prunella vulgaris FORB/HERB NATIVE PERENNIAL Native, Perennial Forb 
Ranunculaceae Ranunculus orthorhynchus FORB/HERB NATIVE PERENNIAL Native, Perennial Forb 
Brassicaceae Rorippa curvisiliqua FORB/HERB NATIVE ANNUAL, BIENNIAL Native, Annual Forb 

Rosaceae Rosa sp. SUBSHRUB UNKNOWN PERENNIAL   
Rosaceae Rubus discolor SUBSHRUB EXOTIC PERENNIAL Exotic, Perennial Woody 

Polygonaceae Rumex crispus FORB/HERB EXOTIC PERENNIAL Exotic, Perennial Forb 
Polygonaceae Rumex salicifolius FORB/HERB EXOTIC PERENNIAL Exotic, Perennial Forb 

Rosaceae Sanguisorba occidentalis FORB/HERB NATIVE ANNUAL, 
PERENNIAL Native, Annual Forb 

Asteraceae Senecio spp. FORB/HERB       
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Asteraceae Senecio jacobaea FORB/HERB EXOTIC PERENNIAL Exotic, Perennial Forb 
Asteraceae Senecio vulgaris FORB/HERB EXOTIC ANNUAL, BIENNIAL Exotic, Annual Forb 
Malvaceae Sidalcea campestris FORB/HERB NATIVE PERENNIAL Native, Perennial Forb 

Solanaceae Solanum dulcamara 
SUBSHRUB 
FORB/HERB 

VINE 
EXOTIC PERENNIAL Exotic, Perennial Forb 

Asteraceae Sonchus asper FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 
Rosaceae Spiraea douglasii SHRUB NATIVE PERENNIAL Native, Perennial Woody 

Asteraceae Tanacetum vulgare FORB/HERB EXOTIC PERENNIAL Exotic, Perennial Forb 

Asteraceae Taraxacum officinale FORB/HERB NATIVE OR 
EXOTIC PERENNIAL Exotic, Perennial Forb 

Fabaceae Trifolium spp. FORB/HERB       
Fabaceae Trifolium dubium FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 
Fabaceae Trifolium repens FORB/HERB EXOTIC PERENNIAL Exotic, Perennial Forb 
Typhaceae Typha latifolia FORB/HERB NATIVE PERENNIAL Native, Perennial Forb 
Poaceae Ventenata dubia GRAMINOID EXOTIC ANNUAL Exotic, Annual Graminoid 

Scrophulariaceae Veronica americana FORB/HERB NATIVE PERENNIAL Native, Perennial Forb 
Scrophulariaceae Veronica peregrina FORB/HERB NATIVE ANNUAL Native, Annual Forb 
Scrophulariaceae Veronica scutellata FORB/HERB NATIVE PERENNIAL Native, Perennial Forb 

Fabaceae Vicia spp. VINE 
FORB/HERB EXOTIC UNKNOWN   

Fabaceae Vicia cracca VINE 
FORB/HERB EXOTIC PERENNIAL Exotic, Perennial Forb 

Fabaceae Vicia hirsuta VINE 
FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 

Fabaceae Vicia sativa VINE 
FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 

Fabaceae Vicia tetrasperma VINE 
FORB/HERB EXOTIC ANNUAL Exotic, Annual Forb 

Fabaceae Vicia villosa VINE 
FORB/HERB EXOTIC ANNUAL, BIENNIAL, 

PERENNIAL Exotic, Annual Forb 

Poaceae Vulpia myuros GRAMINOID EXOTIC ANNUAL Exotic, Annual Graminoid 
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Appendix 3.  Correlation (tau) for all species with each of the 
three axes from NMS ordination of treatment units in species 
space, 2007, post-treatment data averaged across sampling 
rounds 
 

Species Tau, Axis1 Tau, Axis2 Tau, Axis3 
Achillea millefolium 0.085 0.298 -0.703 

Agrostis exarata 0.287 0.459 -0.536 
Agrostis stolonifera -0.093 0.01 0.072 

Alisma plantago-aquatica 0.169 -0.47 0.056 
Alopecurus geniculatus 0.418 -0.126 -0.476 
Alopercurus pratensis 0.172 0.459 -0.115 

Amaranthus spp. 0.365 -0.365 -0.261 
Anagallis arvensis -0.114 -0.013 0.089 
Anthemis cotula -0.547 0.047 -0.234 

Asparagus officinalis 0.365 -0.365 -0.261 
Beckmannia syzigachne -0.238 -0.383 0.072 

Bidens spp. 0.209 -0.209 0.052 
Bidens frondosa 0.145 -0.434 -0.122 

Briza minor 0.27 0.505 -0.482 
Bromus racemosus -0.176 0.025 -0.025 

Carex densa -0.052 -0.052 0.209 
Carex unilateralis 0.221 -0.248 0.138 

Centaurium erythraea -0.223 0.153 0.247 
Cerastium glomeratum -0.059 0.317 -0.317 

Cerastium viscosum 0 0 -0.365 
Chenopodium album 0.297 -0.578 0.047 

Cirsium arvense 0.224 0.183 -0.366 
Cirsium vulgare -0.333 -0.105 -0.219 
Clarkia amoena -0.095 0.063 -0.222 
Clarkia purpurea 0.064 0.298 -0.554 

Convolvulus arvensis 0.365 -0.365 -0.261 
Crataegus douglasii 0.331 0.359 -0.331 

Crepis capillaris 0.276 0.304 -0.331 
Daucus carota -0.185 0.411 0 

Deschampsia cespitosa -0.333 -0.181 0.924 
Digitaria sanguinalis -0.156 -0.261 -0.209 
Downingia elegans 0.169 -0.47 0.056 
Eleocharis palustris 0.365 -0.365 -0.261 

Epilobium spp.  -0.331 0.083 0 
Epilobium ciliatum -0.115 0.211 -0.057 

Epilobium densiflorum 0.448 0.143 -0.657 
Epilobium paniculatum -0.44 0.077 -0.23 
Epilobium pygmaeum 0.209 -0.209 0.052 
Eriophyllum lanatum 0.226 0.245 -0.598 
Eryngium petiolatum 0 0 -0.365 
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Festuca arundinaceae 0.529 0.67 -0.27 
Fraxinus latifolia -0.016 0.203 0.297 
Galium aparine -0.261 -0.104 0.261 

Galium parisiense -0.33 -0.09 0.17 
Geranium dissectum 0.191 0.394 -0.267 
Glyceria occidentalis -0.094 -0.169 -0.432 
Gnaphalium palustre 0.048 -0.333 -0.448 
Grindelia integrifolia 0.052 -0.176 -0.528 
Heracleum lanatum -0.365 0.209 -0.156 

Holcus lanatus -0.049 0.677 -0.167 
Hordeum brachyantherum 0.097 -0.116 -0.406 

Hypericum perforatum -0.365 0.209 -0.156 
Hypochaeris radicata -0.169 0.131 -0.056 

Juncus bufonius 0.232 0 -0.638 
Juncus effusus -0.365 0.209 -0.156 
Juncus tenuis 0.099 0.552 -0.079 
Kickxia elatine 0 0 -0.365 

Lactuca sp.  0.09 0.403 -0.179 
Lactuca serriola -0.314 0.143 -0.086 

Lathyrus angulatus 0.104 0.156 0 
Lolium sp.  -0.321 0.209 -0.237 
Lotus spp. 0.048 0.238 -0.638 

Lotus purshianus 0.267 0.309 -0.267 
Ludwigia sp.  -0.104 -0.313 0.313 
Lupinus spp. 0.101 0.378 -0.454 

Lupinus bicolor 0.019 0.056 0.169 
Lupinus rivularis 0.221 0.248 -0.331 

Lythrum hyssopifolia -0.181 -0.322 -0.221 
Madia glomerata -0.135 0.464 0.135 

Madia sp. -0.094 -0.019 -0.056 
Matricaria matricarioides -0.156 -0.261 -0.209 

Mentha pulegium -0.213 -0.234 -0.021 
Myosotis discolor -0.362 0.256 -0.064 

Myosotis laxa -0.442 -0.11 0.11 
Myosurus minimus 0.319 0.094 -0.019 

Navarretia intertexta -0.403 -0.176 -0.176 
Navarretia squarrosa -0.484 -0.141 0.016 
Orthocarpus hispidus 0.319 0.282 -0.131 

Panicum capillare 0.192 -0.383 -0.383 
Parentucellia viscosa 0.01 0.631 -0.27 

Plagiobothrys spp.  0.317 -0.364 -0.388 
Plagiobothrys figuratus 0.077 -0.383 -0.44 
Plagiobothrys scouleri 0.251 -0.039 -0.56 

Plectritis congesta 0 0.234 -0.618 
Poa pratensis -0.507 0.207 -0.169 
Poa trivialis -0.47 0.169 -0.131 
Polygonum  0.166 -0.138 -0.166 

Polygonum persicaria 0.403 -0.252 0.025 
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Potentilla gracillis 0.118 0.204 -0.439 
Prunella vulgaris 0.265 0.284 -0.598 

Ranunculus orthorhynchus 0.068 -0.126 -0.418 
Rorippa curvisiliqua -0.039 -0.676 0.019 

Rubus discolor 0.169 0.244 0.169 
Rumex crispus 0.041 -0.329 0.226 

Sanguisorba occidentalis 0.159 0.199 -0.637 
Senecio spp.  0.104 0.156 0 

Senecio jacobaea 0.104 0.156 0 
Senecio vulgaris 0.365 -0.365 -0.261 

Sidalcea campestris 0 -0.028 -0.331 
Solanum dulcamara 0.01 -0.471 0.094 

Sonchus asper -0.295 -0.295 -0.029 
Tanacetum vulgare -0.207 -0.394 0.056 

Taraxacum officinale -0.02 0.39 -0.176 
Trifolium spp.  0.141 0.078 -0.547 

Trifolium dubium 0.11 0.304 -0.386 
Trifolium repens -0.169 0.131 -0.056 
Typha latifolia 0.207 -0.507 0.019 

Ventenata dubia -0.362 0.277 -0.234 
Veronica americana -0.234 -0.234 0.234 
Veronica peregrina 0.364 -0.306 -0.287 
Veronica scutellata 0 -0.101 0.151 

Vicia cracca 0.05 0.378 -0.302 
Vicia sativa 0.076 0.151 -0.151 

Vicia tetrasperma -0.345 0.402 -0.287 
Vulpia myuros -0.507 0.207 -0.169 

 


