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PREFACE

This report is the result of an agreement betwkerristitute for Applied Ecology (IAE)
and a federal agency. IAE is a non-profit orgaimrawhose mission is conservation of
native ecosystems through restoration, researctedmncation. Our aim is to provide a
service to public and private agencies and indiaigllby developing and communicating
information on ecosystems, species, and effectimeagement strategies and by
conducting research, monitoring, and experimelA& offers educational opportunities
through 3-4 month internships. Our current acegtare concentrated on rare and
endangered plants and invasive species.

Questions regarding this report or IAE should bedated to:

Andrea S. Thorpe

Institute for Applied Ecology
PO Box 2855

Corvallis, Oregon 97339-2855

phone: 541-753-3099 ext. 401
fax: 541-753-3098
email: andrea@appliedeco.org
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INTRODUCTION

Upland prairies in the Willamette Valley are amadhg most endangered
ecosystems in North America, and support many iitgeespecies (Noss et al. 1995,
Floberg et al. 2004). Wild Iris Ridge, a 123-acatunal area managed by the City of
Eugene consists primarily of degraded remnant appaairie. Although numerous
native plant species occur at the site, invasiasggs such as tall fesc@edonorus
phoeniy, velvet grassHolcus lanatuy bristly dogtail grassGynosurus echinatiisand
forbs including false dandeliolypochaeris radicatpand oxeye daisyt€ucanthemum
vulgare dominate the community.

Recent research has suggested that repeatedatimpolscof herbicides combined
with prescribed fire and seeding with native spgci&n be effective at significantly
increasing the cover and abundance of native plamii$e decreasing that of exotic
species (Stanley et al. 2008, 2010). However,iplalissues may inhibit the use of these
tools. One of the primary restrictions is that thest effective treatment combination
requires several years for full implementation, aral/ be too long and expensive for
some restoration projects. Additionally, thersasne concern regarding the use of
herbicides in restoration due to their potentialrfon-target effects. Finally, it may be
difficult to implement planned prescribed fires daearrow burn windows and concerns
about air quality and protecting neighboring proyper

The purpose of this project is to evaluate sigppration and management
techniques that address these concerns. Herejmmarize the results of site
preparation treatments implemented in fall 2010e 30 describe treatments that were
implemented June 2011. The effects of these tiemaswill be analyzed in 2012.

METHODS

Wild Iris Ridge, a 200-acre site composed of fparcels owned by the City of
Eugene, is located along the Eugene, Oregon Salighridgeline (Figure 1). This site
contains a patchwork of oak woodlands, oak savaupland prairie, and riparian forest
habitat. Habitat improvement activities at the ke included removing invasive
species, thinning encroaching trees from oak savand upland prairies, and seeding the
upland prairie with native plants.

Treatment Alternatives

IAE staff reviewed published and unpublished &tare and consulted with the
City of Eugene and other local experts to develbpekground on the current best
practices for upland prairie restoration in theléiette Valley and identify knowledge
gaps. The treatments recommended for this prajechased on several long-term
restoration projects in the Willamette Valley, unding restoration in the West Eugene
Wetlands (Pfeifer-Meister et al. 20017 Taylor,personal communicationin Wetland
Restoration Enhancement Program sites (M. Blak8layth,personal communication
and upland prairies in the Willamette Valley andj@urrough (Boyer 2008; Stanley et
al. 2008; Stanley et al. 2010, Thorpe 2010). lAdifsised this information to develop
two site preparation and four management treatalégrinatives. Plots were seeded after
initial preparation.
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Wild Iris
Ridge

Figure 1. Wild Iris Ridge is located on the soudistvedge of Eugene, Oregon.

Plot layout

In March 2010, we established four treatment naote at Wild Iris Ridge
(Figure 1). Two of the blocks were divided in hdilfe to space limitations. Blocks

consisted of 8 5m x 5m plots, withlm buffers sunding each plot. Buffers were mown
at least once each year in order to minimize saedfrom neighboring vegetation. We
utilized a split-block design in which half of easlock (four plots) was assigned to
either the shade cloth or herbicide site prepamateatment. The four plots within each
preparation treatment were then randomly assignecdfour management treatments.

Site preparation treatments

We compared two methods for removing existing tetgen, herbicide
application versus shade cloth.
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Herbicide application: This treatment involved Bpopy glyphosate (4%) early
April 2010. There was good control of existing g&gion, but has no effect on
the seed bank. Spot treatments with glyphosate@idasummer and October 2010
were used to target vegetation that emerged aitealitreatments. This is the
standard site preparation treatment used in thiakvdtte Valley when
conducting a restoration in which there is no neghaintain any existing plants.
Shade cloth: Thick black shade cloth was applgpldts in April 2010. Before
application, plots were mowed to reduce the heafjleixisting vegetation. Shade
cloth was removed in October 2010. This treatrmexd selected as it has been
suggested as an alternative to herbicide as itheagotential to kill all
aboveground vegetation, similar to herbicide agpicsn. Shade cloth can also
kill seeds in the seed bank by increasing soil tepres.

Seeding

Plots were seeded October 2010. The seed mtkégolots was composed of 32
native plant species found in upland prairies emgbuthern Willamette Valley (Table 1.
Seed mix used at Wild Iris Ridge.). All seed mnfrthe River’'s to Ridges (WEW) grow-
out program or the City of Eugene’s native plamseuy, 2010 harvest when available,
otherwise 2009 harvest.

We based species composition, including both gsaaed forbs, on seed
availability and future composition goals, suchreseasing nectar producing forbs. We
included forbs that have a variety of growth forgi@wth rates, and ‘functions’ (e.qg.,
geophytes, annuals, perennials, nitrogen-fixingihegs). We also included high species
richness to fill niche space and compete with ety of nonnatives present at the site.

To define seeding rate, we categorized the spatithe mix as either ‘matrix’ or
‘diversity’ species. We defined ‘matrix’ speciesthose that we had seen establish
elsewhere in upland restorations in the area,airddem to be reasonable competitors.
Agoseris grandifloraandLomatium utriculatundidn’t fully fit this model of matrix
species, in that they are relatively untested star@ation activities . We defined
‘diversity’ species as those that we know are sjpewing and/or very small when young
or those that haven’t established well in pasboresions (e.g.CamassiaBrodiaeg
Koeleria macranthaAsclepias specio$abut that are important nectar or matrix species
in other situations.

Our overall seeding rate was as close as we gailtb 15 Ibs pure live seed
(PLS) per acre of matrix species and 5 Ibs PLS/atcdéversity species. It was based on
two primary considerations: we wanted a rate higbugh for the natives to establish,
given that there had been only one year of sitdrgament, but our rate still needed to
be reasonable in terms of cost on a larger s@le.seeding rate was higher than is
typically used in prairie restorations that werenfer ryegrass fields or that have received
more than one year of site pre-treatment to renmavmatives. Use of higher seeding
rate was based on our review of past research @iMsld Iris Ridge that used high
seeding rates (over 100 Ibs/acre of seed), but stérbeavily invaded by nonnative
species.

Viability and purity results were available foost of the 32 species in the mix,
from which to calculate PLS values. Eight spewiese harvested in such small amounts
that viability and purity testing were not donef tlese, for the Liliaceae, we reviewed
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past years’ viability information and knowledgettktize seed is typically very clean to
arrive at an average PLS rate. For the five spdoiewhich we did not have a
comparable or past rate, we made no adjustmeLSr(e.g.Linanthus bicoloy
Asclepias specios®anthonia californica and the mix contains the seed weight (as if
100% PLS).

To arrive at the seed rates for individual specisused our experience with past
restorations in the Eugene area (upland restosaib@oyote Prairie, Hayfield,
Dragonfly Bend, Fir Butte). We considered pastess in establishing these species
from our accessions and knowledge of number ofsspedpound for the included
species. No attempt was made to include the saimdéer of seeds per species or the
same weight of seed per species to each plot.

Monitoring

Vegetation cover at all
plots was monitored May 24-
25, 2011. Within each
treatment plot, we defined a ¢ Treatment plot
4m x 4m potential sampling 1 2 .
area within a 0.5m buffer. |} - _ Potential
Plots were monitored by sampling area
randomly selecting a number :
from 1-5, which corresponded 3 4
to 5 potential sampling areas
(each quadrant or the plot
center) for placement of a fm
sampling plot (Figure 2). This
sampling method was selected
due to its relatively low
sampling time and amount of
trampling within the plot.
However, some species that
occurred as individuals or in small patches inglogés were potentially missed using this
sampling method. Species names and supplementaryiation follows the USDA
Plants Database (www.plants.usda.gov) and loceddlo

A\ A

Figure 2. Sampling design at Wild Iris Ridge. WA
sampling plot was randomly placed in areas 1-5.

Data analysis

Due to the timing of treatments, the first yearmlysis was limited to comparing
site preparation methods. Tests for treatmentefieill be conducted after monitoring
in spring 2012. We used a common ordination methuadti-response permutation
procedure (MRPP) to test for community responsdsrtdizer treatments using PC-
ORD 6 (McCune & Mefford 2011). MRPP is a nonparameiermutation test that
compares groups based on plot dissimilarity. Tfexesize, orA-statistic, reflects the
degree to which groups differ and is independersiaofiple size (McCune & Grace
2002). Analyses used 1000 Monte Carlo simulatiddgrensen distances were used to
calculate community dissimilarity. When MRPP irated a response in the community
to treatments, we used Indicator Species Analjaigréne & Legendre 1997) to describe
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differences in species composition among treatmemdsdetermine how strongly each
species was associated with a particular treat(@dgerved Indicator Value, “IV”). in
PC-ORD 5 (McCune & Mefford 2005).

We also summarized the native and exotic coverajbnfunctional groups
(forbs, grasses, shrubs) and cover of litter vee lgeound for each preparation treatment.

Figure 3. Block and plot layout at Wild Iris Ridge
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Table 1. Seed mix used at Wild Iris Ridge.
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Management treatments

One plot within each split-block was randomly gasd one of three management
treatments, or no treatment (control) (Figure 3hese treatments are:
Hand-weeding: Hand-weeding can effectively remexeatic weeds while
minimizing non-target effects. However, dependinghe abundance of exotic
weeds, hand-weeding may be a relatively costlyrireat.
Fusilade: Fusilade is a grass-specific herbicidany of the most problematic
weeds in upland prairies are exotic grasses, ssietolgus lanatusSchedonorus
phoenix Cynosurus echinatyandAgrostisspp. Although this treatment will
negatively affect some of the native grasses asiteethe native Roemer’s fescue
(Festuca idahoeng)ss resistant to Fusilade. Thus, it may be pdsgibcontrol
exotic grasses while having minimal impacts to sdespecies.
Milestone: Milestone is an herbicide that hashighest efficacy on forbs in the
Asteraceae and Fabaceae families. Many of the probtematic exotic forbs,
includingHypochaeris radicat§Asteraceae)Crepis setos@Asteraceae)Crepis
capillaris (Asteraceae)Cirsiumspp. (Asteraceaeleucanthemum vulgare
(Asteraceae), andicia spp. (Fabaceae) in upland prairies are in thendiés. In
contrast, many of our seeded species were in fesrifiat have more resistance to
this herbicide. Thus, the intent is to achievetrof highly competitive
invasives while having minimal effects on seedescsgs.

Broadcast application of Milestone and Fusiladedt simulated by setting
backpack sprayers to the finest mist setting. Nbles was applied at a rate of 6 oz/acre,
Fusilade Il at 12 oz/acre. Treatments took fromriute 45 seconds to 3 minutes per plot,
averaging 2 minutes per plot. Care was taken tercthe entire plot while applying a
similar volume of herbicide to each plot.

Two technicians worked side by side in each mladcomplish the handweeding.
Given the density of both grass and forb targetdse@e envisioned a contract crew
working in this way in a larger site (as opposedrte person per plot). Each plot was
weeded for a total of 8 minutes (2 people x 4 raath per plot). Although a significant
number of weeds remained, devoting a longer peridione in each plot would have
scaled up to be a much larger effort than woulg@taetical. Time in the plot was split
between grasses and forbs. In blocks where grassesheavy (blocks 2 and 3), 2/3-3/4
of the time was spent on grass and vice versaldokd, which was heavy with forbs.
Shadecloth plots had an edge that did not get edwduring site preparation. This area
was not handweeded, and time spent in these pbgeduced to 6.5 mins total to keep
the effort the same as in the plots prepped withibele. Species targeted during
handweeding werkolcus lanatusCynosurus echinaty3aeniatheruntaput-
medusa@nly found in Block 4 shadecloth) for grasses, Hygochaeris radicata
Leontodon taraxicoide£repis capillaris Leucanthemum vulgarandCirsium vulgare
(only occasionally found in plots) for forbSchedonorus phoenixas too small to
positively identify andBriza minorwas so widespread that it would have taken athef
time allotted.

Plot buffers were mowed after the treatments.igh lcover ofLeucanthemum
vulgarewas noted in the buffers during mowing.
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RESULTS AND DISCUSSION

There was a high level of variability in cover pegies and functional groups in
our sampling plots (Figure 4). Qualitatively, hieitbe preparation had less of an impact
on invasive forbs, but a higher impact on invagix@minoids compared to shadecloth.
We also found that cover of native shrulbar@xacum diversilobumpoison-oak) was
zero in herbicide preparation plots; where-asgpescies was still present in shadecloth
plots. MRPP analyses found a significant effédit® preparation on community
composition (A=0.0612, P=0.015; Figure 5). Thrpecses had higher cover in plots
treated with shade cloth compared to herbicidduding Brodiaeaspp.,Crepis spp.and
Eriophyllum lanatum During sampling, the preparation effectBnodiaeawas visually
evident; as this species is a geophyte, it isyikieé shadecloth only simulated deep
burial, where as the herbicide treatment would HaNed any existing plants. The
species that were more associated with the heebprigparation werBanthonia
californica, Festuca idahoensi&eranium dissectuphbeucanthemum vulgar#yosotis
discolor, Prunella vulgaris Sidalcea virgata, Trifolium dubiupandVicia spp. The
response of these species was likely related tditfexence in preparation effects on
ground cover. There was over 70% bare ground ppbaimately 20% cover of litter in
herbicide treated plots (Figure 6). In contrastré was approximately equal cover of
bare ground (50%) and litter (45%) in plots predasgth shadecloth. We have
previously observed low establishmentofcalifornicaandF. idahoensisn sites with
higher cover of litter.Geranium dissectunh.. vulgare M. discolor, P. vulgaris T.
dubium andVicia spp. have many characteristics of ruderal spegidsare frequent
invaders of disturbed areas.

FUTURE ACTIVITIES

All plots will be monitored in May 2012 using tsame protocol as in 2011.
Results of all treatments will be available in Bieal Report, available January 31, 2013.
First year analyses suggest that while shadectadrharbicide preparation reduced cover
of invasive forbs/herbs and graminoids to simiéuels, the differences in abundance in
specific species suggests that these treatmenthavaydifferent long-term impacts.

The information from this project will greatly aair understanding of treatment
alternatives for upland prairie restoration.
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Figure 4. Percentage cover of introduced (grees) lzead native (blue bars) plant cover,
by functional group, in sampling quadrats survelyky 2010. A few forbs could not be
positively identified and were labeled ‘unknownlgbks bars). No introduced shrubs
were found in sampling quadrats. Bars represeansi¢ 1 SE.

Figure 5. Ordination of community sampling plot§Mld Iris using NMS. Similarity in
composition between plots with the same site pedjmar tenchniques is indicated by
overlap in the polygons.
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Figure 6. Cover of bare ground and litter in plat$Vild Iris Ridge. Bars are means +1
SE.
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APPENDIX A. SPECIES IDENTIFIED IN SAMPLING PLOTS AT WILD IRIS RIDGE, MAY
2010. U.S.NATIVITY AND GROWTH HABIT FOLLOW USDA PLANTS DATABASE AND

LOCAL FLORAS .

Species US Nativity Growth Habit
Achillea millefolium Native Forb/herb
Achnatherum lemmonii Native Graminoid
Agoseris grandiflora Native Forb/herb
Agrostisspp. Introduced Graminoid
Aira caryophyllea Introduced Graminoid
Allium amplectens Native Forb/herb
Arrhenatherum elatius Introduced Graminoid
Asclepias speciosa Native Forb/herb
Briza minor Introduced Graminoid
Brodiaeaspp. Native Forb/herb
Bromusspp. Introduced Graminoid
Bromus arvensis Introduced Graminoid
Bromus diandrus Introduced Graminoid
Camassia leichtlinii ssp. suksdorfii Native Forb/herb
Camassia quamash Native Forb/herb
Cerastiumspp. Introduced Forb/herb
Cirsiumspp. Introduced Forb/herb
Cirsium arvense Introduced Forb/herb
Clarkia purpurea ssp. quadrivulnera  Native Forb/herb
Collomia grandiflora Native Forb/herb
Crepisspp. Introduced Forb/herb
Cynosurus echinatus Introduced Graminoid
Danthonia californica Native Graminoid
Daucus carota Introduced Forb/herb
Epilobiumspp. Native Forb/herb
Eriophyllum lanatum Native Forb/herb
Festuca roemeri Native Graminoid
Galiumspp. Introduced Forb/herb
Geranium dissectum Introduced Forb/herb
Geranium molle Introduced Forb/herb
Gilia capitata ssp. capitata Native Forb/herb
Gnaphalium purpureum Native Forb/herb
Grindelia integrifolia Native Forb/herb
Holcus lanatus Introduced Graminoid
Hypochaeris radicata Introduced Forb/herb
Leptosiphon bicolor Native Forb/herb
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Species US Nativity Growth Habit
Leucanthemum vulgare Introduced Forb/herb
Linum bienne Introduced Forb/herb
Lolium perenne ssp. multifiorum Introduced Graminoid
Lomatium nudicaule Native Forb/herb
Lomatium utriculatum Native Forb/herb
lotus unifoliolatus Native Forb/herb
Lupinus polycarpus Native Forb/herb
Luzula comosa Native Graminoid
Madia spp. Native Forb/herb
Microseris laciniata Native Forb/herb
Myosotis discolor Introduced Forb/herb
Orthocarpusspp. Forb/herb
Panicum capillare Native Graminoid
Parentucellia viscosa Introduced Forb/herb
Perideridia oregana Native Forb/herb
Plectritis congesta Native Forb/herb
Potentilla gracilis var. gracilis Native Forb/herb
Prunella vulgaris ssp. lanceolata Native Forb/herb
Ranunculus occidentalis Native Forb/herb
Schedonorus phoenix Introduced Graminoid
Sidalcea malviflora ssp. virgata Native Forb/herb
Sonchus asper Introduced Forb/herb
Stellaria media Introduced Forb/herb
Taraxacum officinale Native and IntroduceForb/herb
Torilis arvensis Introduced Forb/herb
Toxicodendron diversilobum Native Shrub
Trifolium dubium Introduced Forb/herb
Trifolium microcephalum Native Forb/herb
Veronica scutellata Native Forb/herb
Vicia spp. Introduced Forb/herb
Vulpia bromoides Introduced Graminoid
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