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	1.0 INTRODUCTION

The Marion County Parks Department is developing an upland prairie restoration plan for Bonesteele Park. Bonesteele Park consists of approximately 10 acres of mature forest and 20 acres of upland pasture. The Parks Department would like to see the 20 acres of upland pasture developed into an upland prairie, similar to what existed on site in its pre-European state.

Through the input of many individuals, both private and public, the plan for the prairie restoration has begun taking shape. The plan is a collaborative effort of many individuals. It should be viewed, however, as a dynamic plan in the restoration of the prairie, much as the evolution of the prairie itself. Additionally, as most sources and authorities would agree, upland prairie restoration is not yet a science, but a science mixed with chance and individual choice. For this reason, a prescription that clearly describes a sequence of actions and expected outcomes is impossible.

This plan began as a brief compilation of the most "popular" methods of restoration that could be used on-site. By taking the restoration methods found and combining them with the decisions made by the Bonesteele Work Group, this plan has evolved from a report on restoration in general, into a plan for the restoration of the Bonesteele Park Prairie. The Bonesteele Work Group is led by Bob Hansen, Marion County Public Works Director. It consists of individuals from public agencies, academia and private citizens who have expressed an interest in prairie restoration. The group in open to all. For an on-line version of the Bonesteele Park - Upland Prairie Restoration Plan Outline and other information pertinent to Bonesteele please refer to http://www.co.marion.or.us/mcpark/bonesteeleplan.htm. 

2.0 THE RESTORATION MISSION

The mission for the Bonesteele Prairie was initially developed through the Marion County Parks Board and Marion County Parks Department. The overall mission is to restore the site to its probable pre-European settlement habitat. The habitat is defined by a baseline ecological description of the site including not only the living organisms such as plants and animals, but also the non-living features including soils, geology, and topography. This goal conforms to the recommendations made by the Society for Ecological Restoration (SER) for ecological restorations project such as Bonesteele. The restoration should also be an aesthetic and educational experience for visitors, yet be as authentic as possible by utilizing less intrusive ways of experiencing the site. The guiding goal is the promotion of the long-term success of the restoration. 

There have been several other suggestions regarding the long term goals for the restoration. One suggested goal is to provide full life cycle habitat, where feasible, for specific Willamette Valley wildlife species and for the protection of local genetic diversity. Other possible goals include providing a relocation site for salvaged Marion County prairie species and while realizing all the goals, assuring that the restoration complements the surrounding landscape.

3.0 SUMMARY OF LIMITED LITERATURE SEARCH

Based on a review of the literature, it is apparent that upland prairie restoration is not well-represented in the Pacific Northwest. Much of the written material on prairie restoration pertains to restorations that have occurred in the East and Midwest and often does not apply to Oregon. Several key sources are included below.

The Tallgrass Restoration Handbook. 1997. Stephen Packard and Cornelia F. Mutel, Editors. Island Press, Washington, D.C. This was the most comprehensive source of restoration information reviewed. This compilation of some of the most notable works on tallgrass restoration in the Midwest was sponsored by the Society of Ecological Restoration, the leading professional organization for such efforts. 

Hortus West. Volume 9, Issue 1, 1998. Dale Shank Editor. The most comprehensive directory of sources for western North American native plant and seeds.

Natural Vegetation of Oregon and Washington. Jerry F. Franklin and C.T. Dyrness. 1973. Oregon State University Press. This book provides descriptions of regional ecology, including Willamette Valley grasslands. 

Another source of current information on restoration efforts is the Internet which has a collection of articles from academia, private nurseries and restoration companies and not-for-profit groups such as the Society for Ecological Restoration. The Internet also has numerous articles and references to individual restoration projects. The following is a partial listing of some of the more interesting sites relating to prairie restoration.

www.ncrel.org.mands/FERMI/prairie/Prairie_Res/
"How to" guide on prairie restoration
www.wisc.edu/arboretum/rmn/121.html 
Restoration and Management notes published by the University of Wisconsin Arboretum
www.fnal.gov/pub/ecology/html 
Fermilab in Illinois restoration project notes
www.inhs.uiuc.edu/~kenr/prairierestoration.html 
Illinois Natural History Society provides brief descriptions of restoration of tallgrass prairies.
www.knox.edu/knoxweb/academic/biology/Green_Oaks/Green_Oaks_How_to.html
Practical restoration methods for tallgrass prairie used at the Knox College Biological Field Station in Illinois
www.netins.net/showcase/bluestem\restore.htm
"How to" guide on prairie restoration by Heyne Custom Seed Services, native seed supply company. 
nabalu.flas.ufl.edu/ser/Library.html
Society for Ecological Restoration Library Database
www.npwrc.usgs.gov/
U.S.G.S. - Northern Prairie Wildlife Research Center, North Dakota. Primarily for wetland research and restoration but contains a nice biological resource database by geographic region. 
www.fsfed.us/database/feis/welcome.htm
U.S. Forest Service database on the effects of fire on plant species.

4.0 NORTHWEST NOTABLE SOURCES 

The following individuals and/or agencies have been contacted regarding information on this project. These sources have been extremely informative and helpful. I claim responsibility for any misquoting of information or for using layman's terms that may not convey the correct meaning of the information each volunteered. As many of these individuals will be reading and asked for input into this plan, I want to thank each for their help and hope they choose to continue the partnerships forged. 

Ed Alverson - The Nature Conservancy, Willamette District
Wilbur Bluhm - Horticulture Consultant
Heidi Brunkal - U.S. Fish and Wildlife, Western Oregon Refuges, Ass't. Wildlife Biol.
Wynn Cudmore - Chemeketa Community College, Biology Department
Patrick Dunn - The Nature Conservancy - Washington
Steve Erikson and Marianee Edain - Frosty Hollow Ecological Restoration
Teresa Flessner - Natural Resource Conservation Service, Plant Materials Center
Rich Guadagno - U. S. Fish and Wildlife, Basket Slough Wildlife Refuge Manager
Tom Jenkins - Native Plant Society 
Steve Smith - E.E. Wilson Wildlife Recreation Area
Mark Wilson - Oregon State University - Botany Department 
John Titus - Oregon Natural Heritage Program

5.0 BONESTEELE SITE CONDITIONS

5.1 Location

Bonesteele Park is located approximately four miles east of I-5 and Highway 22 in T8S, R2W, Sec.16 of Marion County, Oregon. From Salem take Cordon Road or Kuebler Boulevard to Aumsville Highway. Take the Aumsville Highway east approximately two and one half miles to the park entrance located on the north side of the road (See Attached Map). The site is zoned special agricultural zone, as are all the surrounding properties.

5.2 Soils and Topography

According to the Marion County Soil Survey(1) the site soils are the Nekia silty clay loam (NeC) at 7 to 12% slopes and in the extreme northwest corner the Nekia silty clay loam 

(NeB) with 2 to 7% slopes. The Nekia series consists of moderately deep, well-drained soils formed in fine textured materials on uplands. The available water capacity is 4 - 7" 
with moderately slow permeability, slow runoff, slight erosion hazard, moderate fertility, and root penetration 20 to 40" deep. Workability is fair but becomes worse as the moisture content drops below field capacity. Below the root penetration zone is weathered basalt bedrock.

5.3 Geology and Hydrology

The site is part of the broad rounded Waldo Hills upland located in the foothills of the Cascade Range in the Molalla-Salem Slope. Slopes as determined from the U.S.G.S. topographic mapping generally range from 5 to 20%, which is somewhat steeper than the slopes indicated by the mapped soils. The site slopes from a high point on the north central property line at 630 ' above mean sea level (msl) to a low point of 530 feet msl on the southern property line. The overall slope has a southeastern exposure. Exact site topography will be available following student-conducted topographic surveys beginning in April 1999.

Geology of the site is interesting as a contact between the Sardine Formation and the Columbia River Group is noticeable in the wooded area of Bonesteele Park. Large andesite boulders are located at the eastern edge of the site at the wooded part of the park. These boulders are likely some of the volcanic mudflow breccia of the Sardine Formation. The Sardine Formation overlies the Columbia River Basalts. The contact point between these two rock formations is evidenced by a spring which emerges in the wooded area of Bonesteele Park. The spring is probably the result of overlying pumice tuffs of the Sardine formation adsorbing large amounts of precipitation. The adsorbed water percolates through the rock to emerge as springs at contacts with the underlying Columbia River Basalt Formation (2).

Groundwater on the prairie restoration portion of Bonesteele is at depths of at least 25 feet below the surface, thus all plants on site must be suited for dry summer conditions. In some of the lower positions of the landscape some seasonal wetness may occur that will support some vegetation suitable to seasonally wet areas.

5.4 Existing Vegetation

No complete on-site vegetation inventory of the site has been conducted. Wilbur Bluhm, horticultural consultant and other members of the Native Plant Society, however have walked the site. Their preliminary assessment of the site is that it consists primarily of cultivated grass species and invasive weed species. No species of interest were noted. Starting in March 1999, Kari Rollenhagen, a Willamette University student began plant survey work that will help to identify the existing plant species located on the southwest portion of Bonesteele. 

Historically the site has been used as pasture and orchard (See Section 5.6 - Historical Vegetation). It was planted with cultivated grass pasture species and now has remnants of the pasture species remaining along with invasive native and non-native grass, forb and shrub species. For planning purposes, until a site inventory is completed it is assumed that there are few to no native species that will be used in the restoration effort. 

5.5 Climate

Table 1 summarizes the 1961-1990 mean monthly and annual precipitation for both Salem (elevation 200 feet) and Stayton (elevation 430 feet), the two closest recording stations to Bonesteele Park. Table 1 also summarizes the 1961-1990 mean monthly and annual temperature for Salem. Similar information for Stayton is not available(3).

Table 1 - Climatic Summary 
Monthly Mean Temp oF Salem
Monthly Precipitation Inches
Monthly Mean Temp oF Salem
Monthly Precipitation Inches
Salem 
Stayton
Salem 
Stayton
January
39.5
5.91
7.12
August
66.6
.76
1.28
February
42.7
4.5
5.72
September
61.5
1.56 
2.22
March
45.8
4.17 
5.31
October
52.7
2.98 
3.97
April
49.1
2.42
3.65
November
44.9
6.28 
8.04
May
54.7
1.88
2.91
December
39.9
6.87 
8.23
June
61.3
1.34
2.16
Year
52.1
39.24
51.48
July
66.2
0.58
0.86
5.6 Historical Vegetation 
The primary goal of this restoration is to return the site to its probable pre-European vegetation. Several sources were consulted to obtain a picture of what the pre-European vegetation was like. Ed Alverson provided data from the Government Land Office township plat maps from 1852. These early maps and notes describe the Bonesteele area as generally a hilly area of prairie with scattered oak and fir openings (savannah). 

Franklin and Dyrness(4) provide a more detailed description of the probable historic vegetation of the Willamette Valley grasses, many of which are included on the species list included on Table 2 . Franklin and Dyrness emphasize that the nature of the original grassland communities is conjectural, since grazing and introduction of alien species have altered all stands to some degree. 

Historical aerial photographs, dating back as far as 1936, from the University of Oregon Knight Map Library were reviewed for indications of past landuses. The following summarizes the findings of the aerial photographs.

Aerial Photograph Review

1936 The northern to ½ of the property is orchard. The remaining property is either in forest or pasture. The forest occupys essentially the same area as it does today. There is a slight opening in the forest running diagonally NE to SW across the forested area. There are two small islands of trees in the pasture just west of the forested portion of the property.
6/28/48 The property appears extremely similar to the 1936 aerials.
8/23/55 The orchard on the northern of the property is missing many of its trees. 
5/27/63 Forest on site has been thinned, pasture area was plowed, the orchard is gone and the area plowed. Minor drainage area is more noticeable than previous aerials entering the forested portion from the NE. 
8-17-70 Entire site is pasture or forest.
5-15-76 Two small islands of trees just west of forest in pasture have been reduced in size substantially. Site is all pasture or forest.
5-31-79 Same as 1976
2-22-82 Access road has been built. There is a noticeable difference in pasture management between the northern ½ of the property and the SW ¼ (SE¼ is forested). 
5-17-86 Some activity on the eastern of the site, perhaps mowing, but is doesn't appear to be plowing.

Additional historical aerial photo interpretation of Bonesteele is being conducted during the Spring of 1999 by Willamette University student, Ken Roberts. 

From the above historical information it appears that the only portion of the current pasture area that could harbor any remnant prairie vegetation is the southwest corner of the property, which appears to never have been row cropped or planted to orchard since at least 1936. The plowing and planting to pasture of the southwest corner in 1963 could have left some remnant prairie species in place mixed with the planted pasture species. Mark Kuenzi an adjacent landowner estimates that it has been at least 20 years since the site was tilled. 

6.0 PLANTING PLAN AND METHOD 

The Bonesteele Work Group evaluated three basic planting plan methods. One method is to develop small portions of the site, one at a time, as funding and seed are available. Using this method on-site trials can be conducted to determine which methods work best on this site. The second method, requires putting the site into a holding pattern and then plant the entire site at one time when sufficient seed is available. This method would decrease problems with the edge effect of invasive species and allow some of the site work to be done at less cost to the county.

The third and chosen method lies in between methods 1 and 2. This method involves placing the northern one half of the site into an agricultural holding pattern (See Section 9.1.1) and use the southwest corner of the site adjacent to the parking facilities, for on-site trials and display of weed control, planting methods, germination, and plant propagation. Ed Hilliard, a landscape architect, is in the process of developing a landscape layout for the experimental and display area.

Once the topographic survey of the site is completed, a draft planting plan will be created which will indicate the approximate locations of the various patch species, along with general wetland and general upland mixes in the main restoration area. The planting plan will also provide initial information on seeding rates and spacing. 

7.0 SPECIES LIST AND SOURCES 

7.1 Festuca roemen (Romer's Fescue) 

The Bonesteele Work Group has decided that the dominate grass species on site (25-45%) should be Festuca roemen (Romer's fescue). This species has been recommended by many individuals throughout Oregon and Washington. These recommendations are based primarily on the work of Barbara Wilson, a graduate student at Oregon State University (OSU), who has shown that Idaho Fescue, which was thought to constitute much of the Willamette Valley Grasslands, is actually Romer's fescue (a variety of Idaho fescue). Due to the relatively new appearance of Romer's fescue as a species of importance, little is known about it and seed is difficult to locate.

A review of the species list provided in Hortus West shows no sources for Romer's fescue. Several companies were contacted about the possibility of obtaining the seed. One, Frosty Hollow Ecological Restoration, has about 1/2 pound of seed obtained near Fort Lewis, Washington. More local seed could be obtained with a years lead time. Native seed grasses sell for $90 per pound at Frosty Hollow. 

Pat Dunn with the Washington Nature Conservancy has worked extensively with Romer's fescue at Fort Lewis, Washington. He has both direct seeded and used plugs to restore Romer's fescue. Although both methods will work, he has had very good success using plugs. Winter greenhouse-grown plugs planted in the spring, achieved a 90 to 95% survival rate without irrigation and had fully mature, seeding plants by the second year. Direct seeding will delay this process by two to three years. He was not sure of the best direct seeding rate as they have done less of this method. According to Mark G. Wilson, restoration ecologist, Romer's fescue has about a 40 to 60% germination rate.

The Bonesteele Work Group discussed the various options regarding obtaining sufficient quantities of Romer's fescue or any other needed seed. Their priority is to obtain the seed from local sources if possible, within a 20 to 30 mile radius of the site, with as similar conditions (precipitation, elevation, soils) as possible. If sufficient initial seed sources cannot be located within this area the search distance could be widened. 

Due to the lack of available Romer's fescue, Wilbur Bluhm looked into the possibility of producing our own seed from a small amount of local seed available through the Nature Conservancy. Mark Krautman, owner of Heritage Seedlings, Inc. has donated the use of his greenhouses and facilities to grow enough Romer's fescue to plant the entire Bonesteele prairie. Mr. Krautman was supplied with about ¼ pound of mixed fescue seed in December 1998. He planted a small amount of the seed in February and has had germination rates of less than 50%. As the seed was a mixture of grass species, microscopic identification of the seedlings will occur in April or May 1999, under the direction of Wilbur Bluhm. It is anticipated that once properly identified, we will have approximately 100 Romer's fescue plants to begin production. These 100 plants will produce seed that will be grown in a combination of greenhouse and irrigated fields. It is anticipated that sufficient Romer's fescue seed will be available for planting the full 20 acre prairie in 2003. Mr. Krautman is also doing some research into the best propagation methods for Romers fescue.

7.2 Proposed Other Vegetation Species

Possible species lists for the restoration have been compiled by John Titus (Oregon Natural Heritage Program), Mark Wilson (Oregon State University-Botany Department), Ed Alverson (The Nature Conservancy), and Wilbur Bluhm (Horticulture Consultant). These lists were then reviewed and revised by Wilbur Bluhm, Mark Wilson and Ed Alverson, who developed the current species list included as Table 2. It is now the job of the Bonesteele Work Group to locate seed sources. Since none of these species will be as dominant as Romer's fescue, seed availability is less important. Many of these plants are however, quite rare, and will require long lead times to find local sources, gather our own seed, propagate in sufficient quantities to use, or to place orders with native plant nurseries for species that we were not able to locate. 

The Bonesteele Work Group is currently developing a seed acquisition process for the species listed in Table 2. A vital part of this process is to locate and verify local sources of the various species and to obtain permission to gather seeds at some point in the future. Any individuals or organizations that have possible seed sources for the species listed in Table 2 are urged to contact a Bonesteele Work Group member or the Marion County Parks Department.

Table 2 -Willamette Upland Prairie Species List
Festuca roemen-Danthonia california Community
Plant Name (scientific)
Plant Name (common)
Planting Notes
Hortus West 
PRAIRIE GRASSES
Agropyron caninum
bearded wheatgrass
patch
yes
Bromus carinatus var. carinatus
California brome grass
matrix, successional
yes - var. no5
Danthonia californica
California oatgrass
matrix
yes
Elymus elymoides
squirreltail
patch, best in open shade
yes
Festuca roemen
Romer's fescue
matrix
no
Koeleria cristata
Koeler's grass or Prairie Junegrass
patch
yes
UPLAND PRAIRIE RUSHES AND SEDGES
Carex tumulicola
foothill sage
matrix, patch
yes
Juncus tenuis
slender rush
matrix
yes
Luzula campestris
field woodrush
matrix, patch, difficult seed harvest
no
PRAIRIE FORBS
Achillea millefolium ssp. lanulosa var lanulosa
white yarrow 
patch
yes - var. no5
Aquilegia formosa
red columbine
patch
yes
Aster hallii
Hall's aster
matrix
yes
Balsamorhiza deltoidea
Deltoid Balsamroot
patch
no
Bridiaea congesta (Dichelostemma congesta)
northern brodiaea, ookow, northern saitus
patch
yes
Calochortus tolmiei
Tolmie's mariposa lily or cat's ear
patch
yes
Clarkia amoena var. caurina, OR
fairwell to spring
annual
yes - var. no5
C. quadravulnera
fairwell to spring
successional, annual
no
Collinsia grandiflora
blue eyed Mary
sucessional, annual
no
Delphinium oreganum -aka D. nuttallii
Nuttall's larkspur
patch
yes
Dodecatheon hendersonii
broad leafed shooting star
patch, savanna plant
yes
D. pulchellum var. pulchellum
few flowered shooting star
patch, moist to wet meadows
yes - var. no5
Eriophyllum lanatum var. lanatum
wooly sunflower or Oregon sunshine
patch
yes - var. no5
Fragaria virginiana var. platypetala
mountain or broadpetal strawberry
matrix, patch
yes
Geranium oreganum
Oregon geranium
patch
no
Gilia capitata
globe gilia or bluefield gilia
successional, annual or biennial
yes
Iris tenax
Oregon iris
patch, savanna plant, near oak
yes
Ligusticum apifolium
celery-leaf lovage
patch, savanna plant
no
Lotus micranthus
small-flowered deervetch
successional , annual
no
Lupinus albicaulis, OR
sickle-keeled lupine
probably one of best choices
yes
L. latifolius, OR
broadleaved lupine
may become weedy
yes
L. laxiflorus
spurred lupine
patch, probably one of best choices
yes
L. micranthus
field lupine
successiaonl, annual
no
L. rivularis, OR
riverbank or stream lupine
yes
Madia elegans, OR
showy madia or showy tarweed
annual
yes
M. gracilis , OR
slender or common tarweed
successional, annual
no
Microseris laciniata
cut-leaved microseris
matrix, patch
yes
Plectritus congesta
rosy plectritis
successional, annual
yes
Potentialla gracilis var. gracilis 
slender or Northwest cinquefoil
matrix
yes - var. no5
Prunella vulagris var. lanceolata
heal-all
matrix
yes
Ranunculus occidentalis var. occidentalis
western buttercup
matrix
yes - var. no5
Saxifraga integrifolia var. claytonaefolia
swamp saxifrage
patch, on shallow soils
yes - var. no5
Sidalcea campestris
meadow sidalcea (checker mallow)
patch, many exotypes
yes
S. virgata
Rose checker-mallow
patch
yes
Vicia americana var. truncata
American vetch
patch
yes - var. no5
Viola adunca
early blue violet
patch
yes
V. nuttallii var. praemorsa
prairie violet
patach
no
Wyethia angustifolia
narrow leaf mule's ears
patch, substitue for Balsamorhiza
yes
WETLAND GRASSES
Agrostis exarata ssp. exarata var. exarata
spike bentgrass
patch
yes
Deschampsia cespitosa var. cespitosa
tufted hairgrass
matrix
D. danthanoides
annual hairgrass
successional, annaul
yes
Hordeum brachyantherum
meadow barley
patch
yes
WETLAND FORBS
Allium amplectens
slimleaf onion 
patch, sporadic flowering, difficult to gather seed
yes
Brodiaea hyacinthina (Triteleia hyacinthina
hyacinth Brodiaea
patch
no
Camassia leichtlinii var. suksdorfii
Leichtlin's camas
patch, also for moist sites, dry prairies
yes
C. quamash var maxima
common camas
matrix, preferable of two species
yes 
Geum macrophyllum var. macrophyllum
Oregon avens
patch, at edge of woods
yes - var. no5
Ranunculus orthorhynchus var. orthorhynchus 
straightbeak buttercup
patch
no
Saxifraga oregana var.oregana
bog or Oregon Saxifrage
patch
yes - var. no5
Trifolium tridentatum
tomcat clover
no
T. variegatum
white-tip clover
successional
no
SHRUBS FOR PARIRIE-WOODLAND INTERFACE
Amelanchier alnifolia var. semiinfegrifolia
western serviceberry
patch
yes - var. no5
Crataegus douglasii var. suksdorfii
black or Oregon hawthorn
patach
yes
Viburnum ettipticum
oval-leaved viburnum
patch
yes

5Species is listed but var. is not
Matrix - to be planted in throughout the prairie; basic plants of the prairie
Patch - to be planted in patches or specific locations within the prairie
Successional - mostly annual species for seasonal performance
Species varieties are important for provenance and planting site integrity.
Willamette Valley and preferable Marion-Polk County, sources are important when securing seeds and plants. 

8.0 SEED MIXTURE DETERMINATION

Developing a seed mixture for a prairie restoration requires that many factors be taken into consideration including the following. 

· Site conditions (soil moisture and texture, slope, sun, shade) 

· Restoration goals 

· Grass to forb ratio 

· Seed quality, rates and size 

· Germination rates 

· Species, reliability 

· Species ecological behavior 

· Seeding technique efficiency 

· Planting season 

· Project budget 

The seed mix information in Section 8 was obtained from The Tallgrass Restoration Handbook.

8.1 Forb to Grass Ratio Mix

The desired forb to grass ratio of the restoration area should be taken into account when determining the seed mixture. A forb to grass ratio of 20-40% forbs with 60-80% grass (by weight) tends to result in a grass dominated prairie within a short time. A mixture of 50-60% forbs with 40-50% grass produces a more diverse prairie. A mixture of greater than 70% forbs creates a forb dominated prairie. One problem with a forb-dominated prairie is that it does not burn well if fire management of the prairie is planned.

8.2 Seed Mix

The following is a compilation of basic seed mix "rules of thumb". 

· A seeding rate of 10 pounds per acre with good pure seed is needed with up to 30 to 40 pounds per acre of rough cleaned wild collected seed being needed. 

· Generally, if you collect seed yourself, you need to collect more seed than if purchasing. This is due to the collection, cleaning and storage methods non-professionals may use, which often result in lower germination rates than professionally gleaned seeds. 

· A suggested number of species in a mix for good soils would include a diversity of 40 to 50 species, while the diversity on poorer heavy clay soils may be reduced to as few as 15 to 25 species. 

· The size of the seed is important. An ounce of large, heavier seed will contain fewer seeds and produce fewer plants than an ounce of smaller, light weight seed. Addionally, smaller seeds generally have lower germination rates due to planting depth problems. Thus, the amount of small-sized seeds may need to be increased to compensate. 

· Restorationists have had good success planting 40 to 60 seeds per square foot. On a very good site with good soils and site prep, as low as 30 seeds per square foot maybe needed, and with excellent soils and prep, 20 seeds per square foot. 

· Not all the species should be planted at the same time nor over the entire prairie due to their varying ecological requirements for germination and growth. 

9.0 SITE PREPARATION 

The development of the site prior to putting in the first native plant or seed is by all accounts the single most important part of the restoration process. More restoration failures are due to poor site preparation than any other single factor(5). Without proper site and seed bed development, planting of costly and scarce seed can be nearly useless. Site development methods are varied depending on the site conditions, the restorationist's time, funds, and personal preferences. 

As there are many methods of site preparation, one way to assure the best results is to conduct on site trials of the various methods and combination of methods to see what works best for the individual site.

9.1 Weed Control

There are several methods of weed control that are often used for restoration projects. Each method can be used individually or with other methods. The Bonesteele Work Group has decided to put the northern one-half of the site into a four year holding pattern to reduce the invasive and cultivated species of the on-site seed bank. Then, approximately one year before planting with prairie species, a final weed control program will begin. A brief summary of the "holding pattern" to be used is discussed in Section 9.1.1. Other possible methods of weed control are included in the following sections for possible use on the southeast portion of the Bonesteele Park where less intensive agricultural management will occur.

9.1.1 Bonesteele Holding Pattern

Marion County has entered into an agreement with Mark Kuenzi a local grass seed farmer and adjacent land owner. The agreement gives Mr. Kuenzi farming rights to the northern ½ of the property. He will plant a "hard fescue" grass seed crop, which does not produce a crop until the second year and is only economically productive for three years of harvest. The straw residue from this crop is baled and removed from the property. He felt that in a time frame of four years we could end up with clean, weed-free ground. Mr. Kuenzi's site management began on March 5, 1999 with the first application of RoundUp. A second application may be necessary prior to the final seed bed preparation and planting. Additional herbicide applications of Post will occur as needed. Harvest from the site will occur in July 2000, 2001 and 2002. After the final harvest in 2002 the site will be ready for restoration activities to continue.

The southwest area of the restoration area located adjacent to the parking facility will be not be included in the agricultural holding pattern. It will be used as an experimental and display area showing various methods of weed control, planting methods, and plant propagation.

9.1.2 Chemical Applications

The most effective time to start a herbicide program for weed and grass control is late summer or early fall when perennial weeds are more susceptible to herbicide applications. During this time of year the plants are storing nutrients in their roots, thus the herbicides will kill not only the new leaf growth but will be taken internally and kill the roots as well. It is suggested when possible to first burn the site, then allow eight inches of growth prior to the first herbicide application.
RoundUp appears to be the herbicide of choice by Willamette Valley restorationists due to a combination of its effectiveness and minimal environmental impact. Environmental impacts of herbicide application, though small, should be considered by the planning group. Another herbicide mixture suggested in The Tallgrass Restoration Handbook is a mixture of two percent glyphosate (Roundup) to kill the grasses plus a broad-leaf weed killer such as 2,4,-D and Dicamba. Several applications at three to four week intervals during the following growing season may be necessary. 

9.1.3 Repeat Tillage

One alternative to chemical control of perennial weeds is intensive tillage of the soil. Tillage every few weeks over the course of several years has proven to be effective in weed eradication. Although this method does not utilize chemical herbicides, it still has its detrimental environmental affects, primarily with erosion of the tilled land. Fall and winter erosion in Oregon can be minimized through fall planting of a cover crop of sterile wheat (ie: Regreen). Other disadvantages of this method are the high cost for repeated tillage and fuel consumption.

9.1.4 Solarization

Another "no spray" and possible "no till" method that has been used in the Willamette Valley is solarization with clear plastic. This process was described by Ed Alverson with the Nature Conservancy and Rick Guadagno, Manager of Basket Slough Wildlife Refuge. One major draw back with this method is the "postage stamp" size parcels that can be prepared. For plots and research sites it can be highly effective, but preparing a large site can become a formidable process.
All large plant debris should be removed from the site, burned or reduced in size (mowing) depending on the situation. The site could be tilled in the spring (June) depending on the planting method to follow. Wet the site down and let the vegetation sprout. The site is then covered with a heavy gauge (six mil) clear plastic. Ideal coverage time is 12 weeks. The plastic will heat the soil up sufficiently to kill any roots and the seed bed remaining in the soil. Packard and Mutel in The Tallgrass Restoration Handbook, suggested that following solarization, seed could be planted directly in the killed sod use a native seed drill. An alternative to this would be solarization followed by traditional cultivation. 

Advantages of the "no till" solarization method include low cost, short time for site preparation, less moisture loss by using the killed sod as mulch, less erosion potential by not laying the soil bare for long periods of time, higher probability of retaining soil mycorrhizae, fewer weeds by not bringing additional buried weed seed to the surface, and elimination of the bare-soil surface that many weeds need to germinate (Packard and Mutel, 1997). 

A possible source of plastic is from greenhouses that have "hoop" greenhouses covered with a heavy gauge clear plastic. Mr. Alverson found nurseries willing to donate the used plastic. Whatever the source of the plastic, it should be treated for sun exposure so it won't break down too quickly. 

9.1.5 Weed Control on Adjacent Land

Weed control will be needed on areas within Bonesteele, outside of the restoration area. These adjacent areas if allowed to go to seed will create a ready supply of non-native species that were just removed from the prepared beds. Two of the options to control this on-site weed source follow. The first is to mow the adjacent lands every two to three weeks during the spring and summer to keep the weeds from seeding. Another method is to spray and plow the adjacent sites and then plant with a sterile wheat. These are also good alternatives for long-term holding of land in preparation for eventual restoration. 

9.2 Seed Bed Preparation
Seed bed preparation for the northern portion of Bonesteele in the agricultural holding pattern will be far different than seed bed preparation on the southeastern, unworked, experimental area of Bonesteele. In addition to any weed eradication already performed on site, the final seed bed preparation can also include weed control methods. The ground should be cultivated or harrowed to till the ground no more than two inches deep. Deep plowing will just bring up additional weed seeds. Repeated shallow tillage will exhaust any surface seed bank that is remaining. Retill as soon as a new crop of weed seedlings emerge - before the weeds get to two inches in height. 

Ed Alverson also mentioned that when doing the tilling for final seeding of the site, night tilling can be very effective to reduce seed germination. Many seeds require sunlight for germination. Just a flash of sunlight during the tilling process cause allow them to germinate. 

There is literature available on the actual seed bed preparation for prairie restorations. A brief overview of this is included, but considering the expertise in Oregon for growing grass, information from local grass seed growers may be the most useful.

Tilling of the soil should result in a fine soil with few surface irregularities. Cultivating, followed by harrowing with diamond or spring-toothed harrows is recommended. Rototilling the site may also be needed. After the final tilling of the soil it is important to pack the soil to eliminate air passages that allow the newly sprouted seed to dry out. Packing with a water filled roller creates ideal seed bed. Use the heaviest and largest roller packer your tractor can pull. Standard agricultural cultipackers are often used. At least two times over a field is minimum with the second packing at right angels to the first. A rule of thumb is that if a footprint sinks in over 1/2 inch pack again. 

10.0 SEED AND/OR PLANT APPLICATION METHODS 

The method of seed and/or plant application is partially dependent on the planting plan and methods used. Seed and plant application can be done in one of three ways - using a seed drill, by broadcasting the seed or by hand planting. The timing of the planting is dependent on whether seeds or plugs are being planted. Ed Alverson noted that the seeding needs to reflect the germination requirements, which for most prairie species, a fall planting is probably best. Table 3 highlights the pros and cons of seed drilling, broadcast seed applications and hand planting.

Table 3 -Summary of Seed/Plant Applications 
PROS
CONS
Drilling
· Uses less seed 

· Accurately places seed 

· Germination with proper prep is twice as good as with broadcast method 

· Can seed on a windy day 

· Only acceptable method for solarization no-till method of weed control 
· Need clean seed with no straw 

· Creates a "row" affect (can be minimized by a cross-hatched pattern of seeding in 2 passes, row look disappears after a few years) 

· Higher initial equipment expense* 
Broadcast
· Seed does not need to be clean 

· Small plots can be done with inexpensive hand held equipment 
· Requires more seed 

· Most broadcasters will not handle "fluffy" seed easily, may require inert mixing agent added to seed 

· Cannot seed on windy days, as seed on surface will blow away 

· Need a separate mechanism for incorporating seed into soil 
Hand-Planting
· High quality control with selected predetermined rate and arrangements 

· With limited seed stock, greenhouse propagation and subsequent hand planting can provide you with the highest rate of seed germination and plant success 
· Labor intensive 

· Requires extensive weed control first 2 years 

· Could require water first 2 years 

· Requires either the purchase of, or greenhouse propagation of the plants 

· Expensive 
*According to Packard and Mutel, for a restoration over several acres in size the initial cost of a native seed drill is cost effective. They recommend the native seed drill built by the Truax Company of Minneapolis, Minnesota. 

11.0 SITE DEVELOPMENT LAYOUT
Mr. Ed Hilliard, a landscape architect is designing the park layout in regard to such features as trails, signs, rest rooms, and covered meeting areas. The construction of some of the park amenities would take place immediately, others after the prairie is established. This will allow the easiest and most cost effective equipment access and provide a chance for relocation of individual amenities depending on the result of the prairie establishment.

Several scenarios for the site layout have been discussed by the Bonesteele Work Group. It was decided that rather than dividing the prairie into small unique prairie segments with visual barriers, the entire prairie would be contiguous with gradual vegetation changes taking place throughout the site. Certain species would grow in clumped arrangements due to their natural method of spreading such as from rhizomes rather than seed dispersal. The transition from the prairie to the forest should also be done gradually, rather than the abrupt fence row edge affect that currently exists. The barrier, visual and/or physically between the park and non-park lands, should compliment the surrounding landscape and park, and be planned with wildlife movement in mind. It was noted that while wooded corridors are vital to some woodland species for movement they can be barriers to some prairie species. 

Mr. Tom LoCascio, site manager for Mt. Pisgah Arboretum near Eugene, Oregon shared some of his concerns regarding domestic animals (feral cats and dogs) on a prairie restoration site. He feels that due to the damage to ground nesting birds, mammals and amphibians that inhabit prairies, in addition to the damage to the rare plants themselves, domestic animals should not be allowed in such areas. Mr. LoCascio comments are the result of damage that Pt. Pisgah prairie has suffered due to domestic animals, despite "leash only" and "feces removal" policies, that most visitors disregard. One note of interest is when an aggressive live trapping of all cats at Mt. Pisgah was conducted, within a year, chipmunks returned. This species had never been sighted until the cats were removed which were suspected of killing them off. 
12.0 TIME LINE DEVELOPMENT

The following time line has been developed as a guide to both the short and long term goals of the project. This time line will be updated as key decisions in the restoration are made and as new information and/or ideas become available. 

Summer 1998 -Site burn (complete)
-Parking and access development (complete)
-Initial plan development (complete)
Fall/Winter 1998 -Key species selection (complete)
-Develop planting plan and site layout (in progress)
-Source identification for key species (in progress)
-Establish nursery relationships for seed propagation for species not available through normal restoration nursery channels (complete)
-Decide upon weed eradication/control techniques (complete)
-Finalize student studies plans (complete)
-Initiate site preparation and holding pattern (in progress)
Spring 1999 -Begin student studies (in progress)
-Begin topographic survey of site (in progress)
-Begin seed propagation (in progress)
Summer 1999 -Continue on-site weed control, vegetation holding pattern, nursery
thru seed propagation, and student studies 
Spring 2002 
Summer 2002 -Order seeds not propagated 

Spring 2003 -Final field preparation for planting
-Finalize monitoring program and key individuals and /or groups
-Plant grass seed species 
-Begin ongoing weed control of planted prairie
Fall 2003 -Plant forbs species
-Continue ongoing weed control of planted prairie 
-Begin ongoing site monitoring of the planted prairie

Fall 2004 -Begin park facilities development
-"Final" site map developed

13.0 SITE MAPPING

Marion County Department of Public Works will be producing mapping of the site to include general topography (U.S.G.S.), property boundaries, mapped trail and interpretive sign locations and the location of each restoration plot. 

Ron Newton, instructor at Chemeketa Community College, is utilizing the site as a field location for survey classes for the college. The college will do topographic mapping of the site and provide the information to Marion County. The survey department began utilizing the site in April 1999. All surveys conducted on-site for educational or other purposes, will be tied to a common survey point so that the information gathered on Bonesteele will be obtainable and useable for anyone conducting research on the site. The primary survey point being utilized by student studies and included on the Chemeketa survey, is located on the southwest corner of the property. 

14.0 LONG-TERM MANAGEMENT

14.1 Prescribed Burns

The use of prescribed burns for the management of a restoration is generally the best way to control invasive weed species and scrub/shrub species. The Bonesteele Restoration has already taken advantage of this management technique by allowing the site to be used by the Marion County Fire Department for field burn practice. The first site burn was conducted on August 17, 1998. 

The prairie of pre-European time was maintained by fires set by the local Indian tribes. In the Willamette Valley natural fire caused by lightning strikes would have been infrequent. Thus, the timing and frequency of the burns is open to discussion. Taking this into consideration, the burn cycle to be used will depend on the type of weed control that becomes necessary as the prairie matures. Burns could occur as often as annually, every four to five years, or never.

The first burn of the newly planted prairie could occur in its second or third year once sufficient leaf litter has accumulated to support a burn. To maintain insect populations it is recommended to burn only one third to half of a restoration site each year. This allows for the unburned portion of the prairie to serve as a biological reservoir for re-invasion of the burned portion.

If a burn pattern is to be used to manage the prairie, it was suggested that a jogging and walking path around the perimeter of the site be part of the landscaping plan to act as a fire break. Paths within the park could also be developed with this in mind, so as to provide natural fire break points.
14.2 Controlling Invasive Plants

Controlling invasive plant species on a restoration project is difficult, particularly on one as small as Bonesteele. The large "edge effect" provides a large non-native seed bank adjacent to the restored prairie. Specific methods for individual pest species may be required. This will probably include hand pulling of weeds and individual plants, shrub girdling, mowing, and spot applications of herbicides. As revegetation of the site begins and invasive species begin to appear, research on each species will be conducted to find the most effective and ecologically-sensitive method to eliminate or reduce that population. As the prairie matures, monitoring and invasive species control will be an ongoing effort, but should require less effort as time goes on. A specific plan for long-term invasive species monitoring will be developed so that any invasives can be controlled before becoming a major problem.

In the early years of the restoration, monitoring for invasive species should occur several times in the spring and summer and once again in the fall in order to spot problems early and prior to seeding. As the site matures, monitoring for invasive species could be reduced. The best control of invasive species on the new prairie is a well-designed and implemented weed eradication prior to the initial planting and a healthy, robust, growing prairie.

15.0 MONITORING METHODS

Monitoring should be designed to evaluate movement toward or away from the goals of the restoration. Prior to establishing the monitoring methods and protocols the restoration goals must be clearly stated. Although the"Re-establishment of the pre-European vegetation" has been stated as a goal for the Bonesteele Restoration, specific goals have not yet been defined. These goals could include:

1. Establishment of Romer's Fescue as the primary prairie grass within seven years;
2. Establishment of five upland and three wetland grass species with seven years;
3. Establishment of 25 upland and five wetland forb species within seven years;
4. Exclusion of non-native invasive species to less than 15% total cover. 
Once the goals are set, the individual monitoring methods for each goal can be designed and implemented. Several activities that take place for nearly all monitoring programs are the development of permanent photographic stations to monitor visually the changes that occur, permanent transect locations and site vegetation sampling.

The vegetation sampling methods must be clearly defined so they can be repeated by different groups of people over time. The timing and frequency of the sampling, sampling methods (plots, quadrats or transects) and what information to gather is directly related to the goals, vegetation and wildlife characteristics that are being sampled. 

The details of the monitoring program will be developed with the assistance of staff from area colleges and universities that have expressed an interest in using Bonesteele as an outdoor laboratory.

16.0 EDUCATIONAL COMPONENT AND VOLUNTEER EFFORTS 

Several Willamette University and Chemeketa Community College staff have been approached about the possible use of Bonesteele for field sites for various classes. The site has been used as a site for environmental classes at Chemeketa since fall 1997. Susan Kephart, Biology Professor at Willamette University, has suggested a mentoring program be established using Bonesteele as the common link. The program would encourage interaction between different levels of students (elementary and high school) and between various organizations and student groups (Native Plant Society and high school classes for example).

Several key groups of individuals have been identified and some have already agreed to help with various phases of the restoration. The following groups and organizations have committed to helping with the effort:
Chemeketa Community College Willamette University
Native Plant Society Salem Audubon Society
Oregon National Guard EnviroCorps
Oregon Natural Heritage Program

Other groups and organizations will be contacted for possible help with various aspects of the restoration. A partial list of key groups includes:

Boy Scouts Juvenile Work Groups
State Prison Work Crews Chemeketans
Area High School Biology Programs 
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