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[bookmark: _Toc324762106]PREFACE

This report is the result of an agreement between the Institute for Applied Ecology (IAE) and a federal agency.  IAE is a 501(c)(3) nonprofit organization with a mission to conserve native species and habitats through restoration, research, and education.  Our aim is to provide a service to public and private agencies and individuals by developing and communicating information on ecosystems, species, and effective management strategies and by conducting research, monitoring, and experiments.  IAE offers educational opportunities through 3-4 month internships. Our current activities focus on habitat restoration, rare and endangered species conservation, and ecological education.


Questions regarding this report or IAE should be directed to:

Thomas N. Kaye (Executive Director)
Institute for Applied Ecology
PO Box 2855
Corvallis, Oregon 97339-2855
phone: 541-753-3099 x 111
fax: 541-753-3098
email: tom@appliedeco.org






Cover photographs:  Papenfus Prairie and a close-up of Horkelia congesta ssp. congesta.  Photos by M. Blakeley-Smith and T.N. Kaye.


Please site this report as:  Blakeley-Smith, M and T.N. Kaye.  2012.  Habitat Management Plan for Horkelia congesta ssp. congesta at Papenfus Prairie.  Prepared by Institute for Applied Ecology for USDI Bureau of Land Management, Eugene District; Corvallis, Oregon.  iii + 25 pp.
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[bookmark: _Toc324762108]COMMON NAME 
shaggy horkelia


[bookmark: _Toc324762109]SCIENTIFIC NAME
Horkelia congesta ssp. congesta


[bookmark: _Toc324762110]LEGAL DESCRIPTION
T19S R2W sec 15
[bookmark: _Toc235609283]
UTM East	0506127
UTM North	4862029	
Zone: 10T NAD27 ConUS


[bookmark: _Toc324762111]GOAL OF THE MANAGEMENT PLAN
The goal of this plan is to outline specific management actions that will improve the ability of Papenfus Prairie to sustain a viable population of H. congesta ssp. congesta.

Specific management objectives include:
· Elimination of False-brome and Scotch broom from the BLM portion of Papenfus Prairie
· Reduction of other priority invasive species 
· Enhancement of native species through seeding and outplanting
· Establishment of 500 reproductive individuals of H. congesta ssp. congesta
· Reduction of encroaching trees along prairie perimeter
[bookmark: _Toc324762112]
BACKGROUND

[bookmark: _Toc324762113]Species Range, Distribution, Abundance, and Trends
Horkelia congesta ssp. congesta is a federal Species of Concern, an Oregon Department of Agriculture candidate species, and an Oregon Biodiversity Information Center List 1 species (taxa which are endangered or threatened throughout their range or which are presumed extinct) (ORBIC 2010).  A helpful species fact sheet is available through the Oregon Flora Project website (http://oregonflora.org/rareplants.php?#sr).

In the Willamette Valley H. congesta ssp. congesta grows in prairies and oak savanna habitat.  Oregon State University Herbarium records report the habitat to consist of gravelly soil, dry ground, and grassy hillsides.  Gisler states that in the Willamette Valley the plant can grow in elevated portions of wet prairies, dry uplands, and along the dripline of oaks and Douglas-fir (Gisler 2004), while in the Umpqua Valley H. congesta ssp. congesta is limited to grassy balds.  The recorded elevation range for the species is between 275 feet to about 1,700 feet.

H. congesta ssp. congesta is a local endemic to western Oregon.  It is documented on the Eugene and Roseburg BLM Districts and suspected in the Salem BLM District.  The Oregon State University Herbarium holds 32 vouchered specimens from 25 locations ranging from Cave Junction in the south to Salem in the north (Figure 5).  Many of the collections for this species were made by Howell, Henderson, and Peck in the late 1800’s and early 1900’s so it is very likely that the range of the species has contracted as habitat for the species has been destroyed or degraded.  In 1993 Kaye and Gisler attempted to relocate the historical sightings for H. congesta ssp. congesta.  They were only able to locate 20 populations and concluded that the species is now absent from the northern half of its former range (Washington, Polk, and Marion counties).  Most of the populations they found had a few hundred plants or less and only two populations had more than 1,000 plants.  The extant populations are now centered on the Eugene and Roseburg areas (Figure 6).  The connectivity between these two population centers has been greatly reduced since four of the sites between Roseburg and Eugene no longer support H. congesta ssp. congesta (Kaye and Gisler 1993).  It is unclear how many extant populations persist in 2011.  One new population of H. congesta ssp. congesta was discovered in 2009 at Twin Prairie Buttes, an upland prairie site managed by the Eugene District BLM.  As of 2011 this population was estimated to contain less than 500 individuals, but no formal census has been conducted.

The Institute for Applied Ecology began monitoring H. congesta ssp. congesta at Papenfus Prairie in 2005.  In 2005 there were only eight individual plants remaining at the site (Table 1).  Of those eight plants only five of them flowered in 2005.  The population continued to decline over the years and in 2011 there were only three plants remaining in the population and only two of those plants flowered.  In an attempt to augment this declining population the Institute for Applied Ecology began growing and transplanting H. congesta ssp. congesta from 
seed collected from Papenfus Prairie in 2010 and Twin Prairie Buttes in 2011 and 2012.

  


[bookmark: _Toc324762389]Table 1.  Population census of H. congesta ssp. congesta at Papenfus Prairie.
	 
	 
	 
	 
	 
	 

	 
	2005
	2008
	2009
	2010
	2011

	# vegetative plants
	3
	2
	2
	4
	1

	# reproductive plants
	5
	3
	2
	0
	2

	Total # of flowering stems
	7
	7
	2
	0
	3

	Total # plants
	8
	5
	4
	4
	3





[bookmark: _Toc324762114]Species Life History:
Horkelia congesta ssp. congesta is a taprooted perennial forb in the Rose family.  The plant reproduces by seed, but occasionally the root caudex splits beneath the soil surface and produces rosettes that appear separate but are connected underground.  This is probably a rare event however, as a close inspection of the rosettes often reveals the old leaf bases of pre-existing transitional rosettes.  Plants form rosettes of basal leaves and eventually produce one or more flowering stems.  At Papenfus Prairie H. congesta ssp. congesta is in peak flower around July 15th.  Seed is usually collected during the first week of September.  No studies have documented the breeding system of the species, but field observations indicate that insects (solitary bees and syrphid flies) are responsible for cross-pollination (Kaye and Gisler 1993).  Nursery grown plants can flower in the same growing year as they germinate.  It is unknown how long it takes naturally occurring plants to mature.

The Oregon Natural Heritage Information Center designates Horkelia congesta ssp. congesta as a “List 1” species that “contains taxa which are endangered or threatened throughout their range or which are presumed extinct” (ORBIC 2010).  The species typically occupies open prairie in the Willamette Valley as well as open balds in the valley foothills and Douglas County.  


[bookmark: _Toc324762115]Site Description and Ecological Processes:
Papenfus Prairie is being considered by the BLM for designation as an Area of Critical Environmental Concern (ACEC).  The nominated area is approximately 49 acres, but this Site Management Plan focuses on the 2.0 acre parcel in the northwest corner (See Figure 2).  There are three prairies managed by BLM in this section, but the northwestern prairie is the only area that currently supports H. congesta ssp. congesta.  The prairie portion of this site contains a mixture of native and introduced plants.  The most common native species present include:  Achillea millefolium, Danthonia californica, Eriophyllum lanatum, Fragaria virginiana, Clarkia amoena, Calochortus tolmiei, and Madia sativa.  The most common non-native species include:  Plantago lanceolata, Linum bienne, Holcus lanatus, Hypochaeris radicata, Leucanthemum vulgare, Cynosurus echinatus, Dactylus glomerata, Daucus carota, Cytisus scoparius, Hypericum perforatum, and Rubus armeniacus.  The prairie generally faces south to southwest and contains relatively thin soils with occasional mossy outcrops of bedrock.  The soils for this prairie are mapped as Witzel very cobbly loam.  There is a gravel forest road within 50-feet of the prairie and the privately owned area to the west of the site contains degraded prairie habitat and young conifer plantation.  Surrounding the prairie is an open stand of Quercus garryana, Calocedrus decurrens, Pseudotsuga menziesii and Abies grandis.  Growing in the understory of this mixed stand are species such as Festuca californica, Cynoglossum grande, Iris tenax, Synthyris reniformis, and Holodiscus discolor.  The forest stand also contains a population of the sensitive species Eucephalus vialis as well as a small outbreak of highly invasive Brachypodium sylvaticum.  A complete species list was produced by Ed Alverson for the entire proposed Papenfus ACEC and can be found in Table 4 (Alverson 2010).  
 
[bookmark: _Toc324762116]Site Threats:
Population declines usually involve a number of interacting factors.  These interacting factors create a positive feedback loop which intensifies the decline and results in an extinction vortex (Gilpin and Soulé 1986).  The site threats identified at Papenfus Prairie include:  small population size of H. congesta ssp. congesta, forest succession, invasive species and reduced diversity of native species. 

The primary threat to the Papenfus Prairie population of H. congesta ssp. congesta is the genetic consequences of a small population.  In 2011 there were only three individuals remaining and one of those plants was not reproductive.  This population is functionally extinct, and the likelihood of recovery without human intervention is extremely remote.  Even if the three remaining individuals were able to reproduce, the reduced population size has resulted in lost evolutionary potential to adapt to changing conditions.  If environmental conditions do change, the alleles that would enable the population to adapt to new conditions may not be present and the population will face extinction.

Related to small population size is the geographic isolation of this population of H. congesta ssp. congesta.  This population is found in a small meadow opening surrounded by dense conifer forest.  The landscape characteristics have changed drastically over the last two hundred years.  The result is that the upland prairie that supports H. congesta ssp. congesta is now an extremely rare habitat type throughout its entire range.  Regionally, prairie habitat is so fragmented and H. congesta ssp. congesta persists in such small isolated parcels that there is very little chance of gene flow through pollen or seed dispersal.  The small population size coupled with habitat fragmentation has resulted in severe inbreeding depression that will result in population extinction.  The small population size also means that H. congesta ssp. congesta is susceptible to stochastic events that could destroy the whole population. 

Papenfus prairie lacks connectivity to other prairie habitat found in the Willamette Valley.  It is incredibly unlikely that pollinators are moving between the Papenfus population of Horkelia and any other population of H. congesta ssp. congesta due to the physical barriers presented by unsuitable forest habitat.  That being said, there are pollinators active within Papenfus prairie, but the surrounding landscape poses a great challenge for genetic exchange between isolated populations of H. congesta ssp. congesta.    

Forest succession poses a very significant risk to Papenfus Prairie.  The area of prairie is declining as trees expand from the perimeter and convert prairie habitat into forest.  The aerial photo in Figure 7 shows three small prairies surrounded by forest.  Historically this was likely one large open prairie with an occasional savanna tree.  The dominant tree species at Papenfus Prairie are Calocedrus decurrens, Abies grandis, and Pseudotsuga menziesii.   The small area of Papenfus Prairie also means the quantity of habitat may limit the total number of individuals that this prairie could support.  A larger prairie or a network of prairies could provide more suitable microsites that would support a larger population of H. congesta ssp. congesta.

[image: P:\All IAE\Photos\Habitat Restoration Program\BLM Prairies\Horkelia congesta BLM monitoring\Papenfus 2009.07.21 Horkelia congesta Cytisus (6).JPG]Invasive species pose an obvious threat to the ecological integrity of Papenfus Prairie.  Native species persist at moderate levels at Papenfus Prairie, but there has surely been a reduction in native species abundance and diversity as a result of competitive displacement by introduced species.  There are a large number of introduced species growing in this prairie, and we present a three tiered classification system to help prioritize control efforts.  

Tier 1 invasive species include species that form monocultures, competitively exclude all other species, and have the potential to convert the entire habitat to a different ecological state.  Species in Tier 1 include Scotch broom (Cytisus scoparius), False-brome (Brachypodium sylvaticum), bristly dogstail grass (Cynosurus echinatus), and Armenian blackberry (Rubus armeniacus).  We recommend complete removal of Tier 1invasive species from Papenfus Prairie where practical.[bookmark: _Toc324762280]Figure 2.  Scotch broom spreading through Papenfus prairie and threatening Horkelia, which is located near the pipe on the right side of the photo.


Scotch broom grows densely within 5-feet of H. congesta ssp. congesta (Figure 2 and 8).  This species is known to increase soil fertility, thus altering the soil conditions that favor native prairie species.  Scotch broom can also grow into dense stands and shades-out low growing forbs like H. congesta ssp. congesta.  The privately held portion of Papenfus prairie contains an expanding population of Scotch broom.  The BLM portion contains less than a thousand individual Scotch broom plants.

False-brome (Brachypodium sylvaticum) is a highly invasive grass found along the edge of Papenfus Prairie (Figure 3 and 8).  As of 2011 there were less than 1,000 plants in the surrounding forest stand, but its presence in neighboring clear-cuts and roadsides suggests that it may be spreading throughout the watershed.  False-brome is capable of forming a monotypic stands to the exclusion of all other species in both open prairies and shaded forest.

There is a single patch of Armenian blackberry (Rubus armeniacus) at the bottom end of the prairie, measuring about 30-feet by 10-feet (Figure 8).  Most of the upper slope where H. congesta ssp. congesta occurs probably would not support vigorous blackberries due to the thin soils, but the lower slopes have deeper soils and hold more moisture.  

One of the most commonly encountered species at Papenfus Prairie is bristly dogstail grass (Cynosurus echinatus), an introduced annual grass that spreads rapidly in dry thin soils and benefits from the presence of Scotch broom.  Bristly dogstail grass does not fit into the Tier system very well, since it is an annual species and we are unlikely to achieve complete control.  However, it does occupy a large percentage of the ground at Papenfus Prairie and any efforts to establish native species must address the competition posed by this grass.  Bristly dogstail grass inhibits the establishment of annual forbs since it germinates earlier and occupies most of the open space between established perennials.  

Tier 2 invasive species compete and suppress native species, but may not form complete monocultures and often co-exist with native species.  The potential risk posed by each species in Tier 2 could shift between sites due to local growing conditions.  Tier 2 species include:  Daucus carota, Hypericum perforatum, Leucanthemum vulgare, Holcus lanatus, Hypochaeris radicata, and Dactylus glomerata.  We recommend opportunistic removal of Tier 2 invasive species in high priority areas.  For example one might establish a 5-foot buffer around individual H. congesta ssp. congesta plants that are free of Tier 2 weeds.  Since all of these species are so widespread, the feasibility of complete removal from Papenfus Prairie is quite low.  

Tier 3 invasive species are ruderals that may not persist for a long period of time, appear to be weak competitors at this particular site, or do not sustain large populations.  A partial list of species in Tier 3 include:  Centaurium erythraea, Dianthus armeria, Linum bienne, and Briza minor.  Species in Tier 3 may not warrant control at this stage.  As our knowledge of invasive species develops and growing conditions change, species in Tier 3 may shift to a category deserving greater concern and control efforts.  

Wildlife grazing is a potential risk for H. congesta ssp. congesta at Papenfus Prairie.  Since the population of H. congesta ssp. congesta is so small, any loss of flowering stems due to grazing could result in lost reproduction opportunities for the entire year.  Deer and rodents are the most likely wildlife species to pose a grazing threat.  There is no active livestock grazing in this area.

[bookmark: _Toc324762117]Site Management History and Current Land Allocations:
Papenfus Prairie is included in the larger 40-acre parcel that is considered a potential Area of Critical Environmental Concern (ACEC).  Ed Alverson thoroughly describes the ecological conditions for the oak and prairie habitat types at Papenfus Prairie in his report (Alverson 2010).  The Eugene District BLM has managed the prairie portion of the ACEC as non-forest habitat.  The Institute for Applied Ecology (IAE) began monitoring H. congesta ssp. congesta at Papenfus Prairie in 2005 as part of a BLM cost-share agreement.  In 2005 seed from four individual plants were collected and submitted to Berry Botanic Garden (now at Portland State University) for long term storage.  In 2009 IAE initiated preliminary weed control efforts on Scotch broom located near the existing H. congesta ssp. congesta population.  In 2010, IAE planted 14 greenhouse grown plugs of H. congesta ssp. congesta grown from seed collected from Papenfus Prairie.  Scotch broom control efforts continued in 2010 as well as sapling tree removal.  A total of 46 greenhouse grown plugs were planted in 2011 from Twin Prairie Butte, a BLM managed prairie located 16.3 air miles south of Papenfus Prairie.  In 2012 an additional 145 greenhouse grown plugs from the Twin Prairie Butte population were planted.  See Figure 10 for the location of these transplants within Papenfus Prairie.  Additional restoration activities have been completed by BLM staff and contractors, but those efforts focused on thinning the forest stand adjacent to the prairie to promote the growth of Aster vialis.
[bookmark: _Toc324762118]MANAGEMENT NEEDS

[bookmark: _Toc324762119]Desired Site Conditions
The desired site condition for Papenfus Prairie is a highly functional upland prairie with reduced dominance by priority invasive species, reduced threat of forest succession, increased connectivity between neighboring prairies both on the local and regional scale, high native plant diversity and cover, and a self-sustaining population of H. congesta ssp. congesta.  Specific objectives are described below.

[bookmark: _Toc324762120]Actions Needed
[bookmark: _Toc324762121]Control Priority Invasive Species
Restoration activities should begin with the removal of Tier 1 invasive species.  [image: P:\All IAE\Photos\Habitat Restoration Program\BLM Prairies\Papenfus Prairie\Papenfus 2009.12.16 Scotch broom weed wrench (9).JPG]Scotch broom can be removed manually with a weed wrench between the months of November and April.  Small seedlings can be pulled by hand and do not require a weed wrench.  After pulling Scotch broom the plants can be piled underneath the forest canopy or removed from the site.  Scotch broom stems that are greater than half an inch in diameter at the base can be cut with loppers or a brush saw between July and September (when they are water stressed).  Cutting larger stems creates less soil disturbance than hand pulling and reduces the amount of seed that will germinate from the seed-bank.  Mowing should generally be avoided since Scotch broom will re-sprout resulting in a prostrate growth form that is difficult to remove manually.  Mowing can also spread seeds over a large area.  Scotch broom is effectively killed with herbicide when sprayed during and immediately after flowering.  Triclopyr is proven to be effective at controlling Scotch broom (Garlon 3A is best applied in the spring and summer while Garlon 4 can be used in the fall).  To reduce the potential of killing desirable native vegetation with herbicide, the stems of Scotch broom can be cut and wiped with the same herbicides listed above.[bookmark: _Toc324762281]Figure 3.  Scotch broom removal at Papenfus Prairie in 2010 using a weed wrench.


The combination of high negative impact and ease of removal makes Scotch broom a priority for complete eradication from Papenfus Prairie.  Scotch broom seeds can persist in the seed-bank for 50 years, so removing seedlings will be an annual maintenance task.  

False-brome at Papenfus Prairie is at an early stage of invasion.  As of 2011, false-brome was limited to the forested portion of the ACEC and did not extend into the prairie.  A 2011 visual estimate put the population of false-brome at 1,000 individuals.  We believe that 99% of the false-brome can be removed from the adjacent forest stand in two years.  Manual removal in forest soils can be extremely effective if conducted in November or April using hand tools.  Hand pulling at other times of the year is less effective since it is difficult to remove the root system in its entirety or there may not be sufficient above ground material to locate the plant in mid-winter.  False-brome should be bagged and removed from the site.  Managing the seed-bank is of utmost importance in the control of false-brome since the primary mode of population [image: P:\All IAE\Photos\Habitat Restoration Program\BLM Prairies\Papenfus 2012.05 (74).JPG]expansion is through seed.  Removing flowering stems by manually clipping or mowing will arrest seed development for an entire season if done in mid-June.  Mowing can make it more difficult to locate plants in fall, so we suggest manual removal take place the following April if mowing occurs the first year.  Clipping seed heads while leaving the basal leaves intact allows one to more easily relocate the plant in the fall.  If seed removal is not conducted, a flush of germinating plants from the seed-bank quickly establishes a new population following the first year’s attempt at hand removal.  False-brome can produce seed in the first year of growth, so repeated hand pulling in the fall without seed removal in June will never result in 100% eradication.  This lesson applies for herbicide applications as well.  [bookmark: _Toc324762282]Figure 4.  False-brome growing on the edge of Papenfus Prairie.


A single herbicide application in the fall will kill mature false-brome plants, but seed produced earlier in the season will germinate in the fall and replace the mother plant.  Studies have shown that glyphosate applied in mid-October is the most effective chemical control method for false-brome.  Many native species are dormant at this time and are un-harmed by herbicides.  Grass specific herbicides are 40% less effective than glyphosate at killing false-brome but have the added advantage of avoiding harm to all native broadleaf species.  Spring can be a very effective time to kill false-brome with glyphosate as well, but avoiding harm to native species may be more difficult if the weed is intermixed with native species.  The addition of a preemergent to the glyphosate treatment in fall can provide effective control of both mature plants and seedlings that germinate over the following six months.  The preemergent herbicide remains active in the soil and could suppress native seedlings as well as false-brome seedlings.  Soil persistence varies by chemical and soil conditions so the herbicide label must be consulted for specific information regarding length of herbicide activity.  

False-brome is a widespread weed in this watershed.  The seed is spread by humans on boots, vehicles, and equipment.  Wildlife also appear to spread the seed as false-brome is often seen along deer trails in the woods.  Annual monitoring of false-brome will enable early detection and rapid response in the highest quality portion of Papenfus Prairie.  There should be a zero tolerance threshold for false-brome in this prairie.  All personnel should clean their boots and equipment prior to entering Papenfus Prairie to avoid future introductions of this pest plant. 

Armenian blackberry at Papenfus Prairie is found in one isolated patch and should be removed completely.  Blackberry is best removed manually between November and April.  We recommend cutting stems with loppers a foot above ground level.  Following stem removal root systems should be removed with a rogueing hoe with rake teeth or other suitable hand tool.  All cut stems and roots should be removed from the site since they can re-sprout.  Multiple years of treatment are required to control blackberry since removing 100% of the root system is extremely difficult and even small root fragments can regenerate an entire plant.  Blackberry removal typically involves a large amount of soil disturbance and we recommend seeding exposed soil with fast growing native species immediately after blackberry removal (see Table 2 for suggested species to seed).

Herbicides are very effective at controlling blackberry.  In order to reduce the use of chemicals, we recommend cutting blackberry stems in June and spraying the re-growth in the fall.  Alternatively, stems can be cut at ground level and immediately wiped with herbicide using a 
brush, sponge, or small spray bottle.  Herbicides designed to control brush are more effective at killing blackberries than glyphosate.  Triclopyr (Garlon 3a) is best applied in late summer, while Garlon 4 is most effective in October prior to the first frost.  Herbicides have the advantage of leaving the soil undisturbed, but the skeletonized dead stems should be mowed the following year in order to re-establish herbaceous prairie structure.  Follow-up treatments will be required for blackberry which can involve re-application of herbicides or manual removal.  Seeding is also recommended 

Bristly dogstail grass is so ubiquitous at Papenfus Prairie that we recommend limiting control efforts to discrete portions of the prairie.  Manual removal of this species appears to be impractical.  Since the grass is intermixed with native species other techniques such as solarization are not recommended.  The most effective method for controlling annual grasses is treatment with herbicides.  The most effective time to treat annual grasses is in the early spring prior to the boot stage.  A grass specific herbicide such as sethoxydim (Poast) works well on annual grasses and has no impact on native broadleaf species.  A non-specific herbicide such as glyphosate could also be used in the spring if there are larger infestations in which native species are absent.  Herbicides can be used to prepare the ground for seeding native species.  If native forbs are seeded then a follow-up herbicide treatment can be applied over the seeded area the following spring to prevent re-establishment of bristly dogstail grass.     

[bookmark: _Toc324762122]Establish additional native species
Ed Alverson ranked Papenfus Prairie as a middle tier ACEC with respect to size, habitat quality, native plant diversity, and BLM sensitive species (Alverson 2010).  In order to elevate the habitat quality at Papenfus Prairie we recommend establishing additional native species through planting plugs, bulbs, bare-root, and seeds (Table 2).  

We recommend planting bulbs, plugs, and bare-root plant material for species that are slow growing and difficult to establish from seed (Table 2).  Individual species should be planted densely together since pollinators show preference for short travel distances and high concentrations of a single species.  If monitoring outplanting success is required, we recommend planting live plant material on a grid with 1-foot spacing to ease relocation and monitoring efforts.

Species that are established as plugs, bulbs, or bare-root may not require extensive site preparation since the existing plant density is not extremely high.  The perennial species recommended in Table 2 include plants that can co-exist with the introduced species already present at the site.  We recommend using Ray Leach Cone-tainers, available through Stuewe and Sons, Inc, for growing plugs.  Using the matching planting dibbles will increase efficiency and promote strong root development.

Seeded species require soil contact in order to establish, but thatch and existing vegetation at Papenfus Praire covers much of the bare ground.  Many prairie restoration projects use prescribed fire to prepare sites for seeding.  We do not recommend burning Papenfus Prairie at this time since the site has a high percentage of annual introduced species that respond very favorably to burning.  Instead we recommend creating discrete seeding patches where annual grasses are mowed with a weed whacker in mid-May and raked to remove thatch.  These areas should be broadcast seeded in mid-October with the forb seed listed in Table 2.  Immediately following seeding the area should be lightly raked to increase soil-to-seed contact.  Also following seeding, the plots should be sprayed with a grass-specific herbicide after the annual grasses germinate.  An additional grass-specfic herbicide treatment should be applied the following April to promote the establishment of the seeded native forbs.  

The south facing aspect of Papenfus Prairie coupled with the thin soils means the soil can dry-out rapidly and will make plant establishment difficult.  If the seeding coincides with a dry spring the seedlings may fail to establish.  To protect against this challenge we recommend seeding over the course of two years to bet hedge against annual fluctuations in precipitation.
[bookmark: _Toc324762123]Augment Horkelia congesta ssp. congesta population
It is generally accepted that a stable population of plants requires a minimum of 500 reproductive individuals (Given 1994).  As discussed earlier in this report, there were only three individual H. congesta ssp. congesta plants found in 2011 (Table 1).  Mathematically 500 plants provide as much genetic variation as an indefinitely large population.  Small scale outplantings for H. congesta ssp. congesta began in 2008, but this report aims to develop a formal plan for population augmentation.
Plants can be established by seeding or outplanting of nursery grown plugs.  When seed is available in large quantities it is typically much cheaper to establish plants by sowing seed directly onto a prepared site.  Research conducted in the West Eugene Wetlands found that seedling establishment of H. congesta ssp. congesta ranged between 1 and 5% (Kaye and Brandt 2005).    
Establishment rates from seed can be extremely low for a variety of reasons and a large quantity of H. congesta ssp. congesta seed does not currently exist.  For Papenfus Prairie, growing plugs and transplanting is the preferred option since nursery grown plugs are not difficult to grow and survival rates are relatively high.  Previous research by IAE has shown that transplants establish better without the addition of fertilizer and plants that were transplanted in spring had an 85% probability of surviving to flowering age versus a 59% probability when transplanted in fall.  In that same study it was found that 35% of all the transplants survived up to four years (Kaye and Brandt 2005).
In order to establish a minimum reproductive population of 500 individuals and to account for transplant mortality we recommend planting at least 2,000 plugs from at least three source populations.  Currently there is only one other upland prairie outside of the West Eugene Wetlands managed by the Eugene District BLM containing H. congesta ssp. congesta:  Twin Prairie Butte.  Population information collected by Kaye and Gisler in 1993 reported 20 known populations of H. congesta ssp. congesta, but only three of those populations occur on federal land in Lane County.  We recommend relocating the populations reported by Kaye and Gisler and requesting permission to collect seed for growout.  The Berry Botanic Garden at Portland State University holds 72 accessions of H. congesta ssp. congesta.  Most of those accessions come from the West Eugene Wetlands, but there are three Douglas County accessions that could be used to grow plugs if BLM considered that suitable.
When plugs are transplanted at Papenfus Prairie they should be planted in such a way that enables easy monitoring.  We recommend planting in a grid pattern on one-foot spacing with well-marked corner stakes and a relocateable monument.  Weed control of priority species should occur prior to planting to minimize the disturbance to H. congesta ssp. congesta.   
[bookmark: _Toc324762124]Reduce tree encroachment
There are three prairies in close proximity to one another that were likely all a single prairie at one time.  Conifers growing along the perimeter of Papenfus Prairie that are less than 10-inches in diameter at breast height (dbh) should be cut and removed from the site.  Conifers that are greater than 10-inches dbh could also be removed in order to expand the area of the prairie.  In addition, the forest stand between the three prairies could be thinned to increase connectivity, but both activities will require consultation with a forester.  If the conifers are physically tangled with oak and madrone they should be girdled and left as standing wildlife snags.  Once the trees are removed, the ground should be immediately seeded with native species.  Table 2 lists “edge” species that would establish well along forest edges.
[bookmark: _Toc324762125]District level management activities
Papenfus Prairie is part of the O&C Lands which means that the site is located in a checkerboard landscape with diverse landowners and management objectives.  Efforts to control priority weeds like Scotch Broom can be improved if neighboring landowners employed a coordinated approach to invasive species management.  This coordinated approach would reduce the landscape source of invasive weed seed, potentially reduce the cost of roadside weed control, and increase the likelihood of restoration success at Papenfus Prairie.

BLM should consider taking a District-wide approach to managing H. congesta ssp. congesta.  The process to augment the Papenfus Prairie population presented in this report is transferrable to a number of other prairies managed by Eugene BLM such as Camp Creek Ridge, Oak Basin, Coburg Hills, Horse Rock Ridge, and others.  Conducting a District-wide reintroduction effort can mitigate the impacts of population isolation, catastrophic events, and reduce genetic issues such as inbreeding depression and genetic drift.  A District-wide approach also offers significant cost saving benefits for activities such as seed collection and plug production.

[bookmark: _Toc324762390]Table 2.  List of suggested species to establish at Papenfus Prairie.
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[bookmark: _Toc324762126]ADAPTIVE MANAGEMENT

[bookmark: _Toc324762127]Monitoring/Site Revisits and Adaptive Management
Monitoring the results of restoration activities will help guide adaptive management decisions.  In order to monitor restoration activities efficiently it is important to consider the monitoring plan at the onset of the project.  For example, if BLM wishes to monitor the survival of H. congesta ssp. congesta for five years following transplanting, it will be much easier to relocate the plants each year if the plants are established on a permanent grid rather than randomly transplanting over the entire prairie.  We recommend monitoring both the natural and introduced population of H. congesta ssp. congesta, transplants of native species, establishment of seeded species, and decline in introduced species cover.  Specific monitoring recommendations are provided below.

IAE has been monitoring H. congesta ssp. congesta at Papenfus Prairie since 2005.  Figure 9 provides a schematic of how to re-sample the monitoring plots.  We typically monitor H. congesta ssp. congesta in the second week of July, as this date coincides well with the flowering of Horkelia congesta ssp. congesta at this site.  Macroplot # 1 is marked by four 5-foot conduit pipes and measures 6 meters by 3 meters.  We divided the macroplot into 1m2 microplots using meter tapes, which should ease relocation of individual plants.  The plants were marked on their south side with numbered tags.  Macroplot # 2 is located about 100 meters to the west of Macroplot #1.  There is a yellow “BLM vegetation study area” sign on a blazed Douglas-fir tree.  From the sign it is 8.2 meters at 198 degrees to a single 5-foot conduit pipe.  Distances and bearings were taken from individual plants and are listed on the plot map.  Each year we count the number of vegetative individuals as well as the number of flowering plants.

IAE transplanted greenhouse grown plugs at Papenfus Prairie in 2010, 2011, and 2012.  Figure 10 describes how those plants can be relocated for monitoring purposes.  We recommend annual monitoring of the natural population as well as the introduced population.  Future reintroduction efforts can follow the same outplanting grid pattern to facilitate future monitoring.  We recommend planting 2,000 H. congesta ssp. congesta plants in order to establish a total of 500 reproductive plants after five years.  If after two years there are less than 1,000 plants we recommend conducting a second outplanting to ensure that the target of establishing 500 mature plants is met.

Monitoring weed control efforts will be species specific.  Restoration should target the complete removal of Tier 1 priority weeds (Scotch broom, false-brome, and blackberry) and monitoring will determine the level of removal success.  We suggest walking a grid pattern across the entire prairie and counting the individual stems of Scotch broom, false-brome, and blackberry in April.  This approach may appear laborious, but a census should only take an hour or two since the prairie is relatively small and each of the priority species had 1,000 stems or less in 2011.

Monitoring results should be entered into spreadsheets and summarized annually in a report.  The annual reports should identify if control measures are resulting in significant reductions in priority species and what alternative methods might be employed to completely eradicate these species from Papenfus Prairie.

Seeding of native species should occur in marked blocks so that seeding success can be evaluated with vegetation monitoring plots.  Each seeding block should contain five randomly placed 1-meter square monitoring plots in which percentage cover of all vegetation is recorded annually in June.  Vegetation data should be entered into a spreadsheet and analyzed using statistical techniques designed for repeat measures.  The analysis should highlight the degree to which each of the seeded species established as well as the percent cover of seeded vegetation.  It should be noted that some cryptic species may not be detected during the first year.  This approach will allow BLM to determine the relative contribution of each species and will allow them to customize the species mix for new restoration projects on similar habitats.

[bookmark: _Toc324762391]Table 3.  Timeline and schedule of restoration activities for Papenfus Prairie.
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[bookmark: _Toc324762129]APPENDIX 1.  MAPS
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[bookmark: _Toc324762283]Figure 5.  Historical range of Horkelia congesta ssp. congesta in western Oregon.  Most of the northern populations have been extirpated  This map shows both vouchered specimens as well as observations.  Map created with the Oregon Flora Project Plant Atlas.
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[bookmark: _Toc324762284]Figure 6.  General area map of Papenfus Prairie, marked as “A”.
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[bookmark: _Toc324762285]Figure 7.  Aerial Photo of Papenfus Prairie complex.  This report focuses on the prairie in the top left of the photo.  The general location of Horkelia congesta ssp. congesta is marked with a star.
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[bookmark: _Toc324762286]Figure 8.  Map of priority weeds at Papenfus Prairie as of 2011.  Brachypodium sylvaticum grows in many small clumps and is roughly marked with white stars.  Rubus armeniacus grows in one large patch noted with a red circle.  Cytisus scoparius grows in the northwest portion of the prairie, though much of the infestation now occurs on private property.  


[image: \\IRIS\public\HR\Projects\BLM\Sensitive Species BLM\Sensitive Plants Eugene Maps Master\Slide1.JPG]
[bookmark: _Toc324762287]Figure 9.  Monitoring plots for existing Horkelia congesta ssp. congesta and 14 transplants at Papenfus Prairie.
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[bookmark: _Toc324762288]Figure 10.  Map and location of 2011 and 2012 transplanted Horkelia congesta ssp. congesta at Papenfus Prairie.
[bookmark: _Toc324762392]Table 4.  Species list for Papenfus proposed ACEC as reported by Alverson 2010.
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Scientific Name Common Name Type Longevity Habitat Method

Achillea millefolium common yarrow forb perennial prairie seed

Calochortus tolmiei Tolmie star-tulip forb perennial prairie bulb

Castilleja hispida harsh Indian paintbrush forb perennial prairie plug

Clarkia amoena farewell to spring forb annual prairie seed

Collinsia grandiflora giant blue eyed Mary forb annual prairie seed

Cynoglossum grande Pacific hound's tongue forb perennial edge plug

Eriophyllum lanatum woolly sunflower forb perennial prairie seed

Fragaria virginiana Virginia strawberry forb perennial prairie bare-rt

Iris tenax toughleaf iris forb perennial edge bare-rt

Lomatium hallii Hall's biscuitroot forb perennial prairie bare-rt

Lomatium utriculatum common lomatium forb perennial prairie bare-rt

Nemophila menziesii baby blue eyes forb annual edge seed

Plectritis congesta shortspur seablush forb annual prairie seed

Ranunculus occidentalis western buttercup forb perennial prairie seed

Sidalcea virgata dwarf checkerbloom forb perennial prairie seed

Trifolium microcephalum smallhead clover forb annual prairie seed

Trifolium willdenovii tomcat clover forb annual prairie seed

Wyethia angustifolia California compassplant forb perennial prairie plug

Achnatherum lemmonii Lemmon's needlegrass graminoid perennial prairie seed

Carex tumulicola splitawn sedge graminoid perennial prairie bare-rt

Danthonia californica California oatgrass graminoid perennial prairie seed

Festuca californica California fescue graminoid perennial edge seed

Festuca roemeri Roemer's fescue graminoid perennial prairie seed

Koeleria macrantha prairie Junegrass graminoid perennial prairie seed

Luzula comosa hairy wood rush graminoid perennial prairie seed
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YearMonth Objective

1 February coordinate with neighboring landowners

1 April Scotch broom:  manual removal or spray

1 May survey and map invasive species

1 June false-brome:  flower stem removal

1 June blackberry: cut canes

1 June Horkelia: monitor Papenfus population

1 June Horkelia: survey historical populations

1 July native seed:  order for tree removal area

1 SeptemberHorkelia: collect seed

1 October Horkelia: cold stratify seed for production

1 October contract grower to produce plugs

1 November false-brome: manual removal or spray

1 November blackberry: manual removal or spray

1 November trees: remove or girdle encroaching trees 

1 November seed below trees

1 December evaluate project objectives and modify plan as needed

2 January Horkelia: germinate seedlings in greenhouse

2 February Coordinate with neighboring landowners

2 March Horkelia: transplant seedlings to Papenfus

2 April Cynosurus: mow or spray in future seeding area

2 April false-brome: manual removal or spray

2 April Scotch broom:  manual removal or spray

2 May survey and map invasive species

2 May establish seeding areas and monitoring plots

2 June Horkelia: monitor Papenfus population

2 July native seed: order from grower

2 October native seed: sow and rake in plots

2 November outplant plugs purchased from grower

2 November Cynosurus:  spray seeding area

2 November blackberry: manual removal

2 November false-brome: manual removal or spray

2 December evaluate project objectives and modify plan as needed
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Table 3 continued

YearMonth Objective

3 February coordinate with neighboring landowners

3 April false-brome: manual removal or spray

3 April Cynosurus: mow or spray in yr. 2 future seeding area

3 April Scotch broom:  manual removal or spray

3 June Horkelia: monitor Papenfus population

3 June establish seeding areas and monitoring plots for yr. 2

3 June collect vegetation data from seeding and plug plots

3 July native seed:  order from grower yr 2

3 October native seed: sow and rake in plots yr 2

3 November Cynosurus:  spray seeding area yr. 2

3 November outplant bulbs purchased from grower

3 November blackberry: manual removal

3 December evaluate project objectives and modify plan as needed

4 April Scotch broom:  manual removal or spray

4 May survey and map invasive species

4 June Horkelia: monitor Papenfus population

4 June collect vegetation data from seeding and plug plots

4 December evaluate project objectives and modify plan as needed

5 April Scotch broom:  manual removal or spray

5 May survey and map invasive species

5 June Horkelia: monitor Papenfus population

5 December evaluate project objectives and modify plan as needed
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Scientific Name Common Name Type Origin

Dryopteris arguta shield fern Ferns Native

Polypodium glycyrrhiza licorice-fern Ferns Native

Polystichum munitum western sword fern Ferns Native

Pteridium aquilinum var. pubescens bracken fern Ferns Native

Achillea millefolium yarrow Forbs Native

Actaea rubra wild baneberry Forbs Native

Adencaulon bicolor pathfinder Forbs Native

Anaphalis margaritacea pearly everlasting Forbs Native

Anemone lyallii Lyall's anemone  Forbs Native

Apocynum androsaemifolium var. androsaemifoliumspreading dogbane Forbs Native

Aquilegia formosa red columbine Forbs Native

Asarum caudatum wild ginger Forbs Native

Campanula praenanthoides California harebell Forbs Native

Campanula scouleri Scouler's harebell Forbs Native

Cardamine angulata angled bittercress Forbs Native

Centaurium erythraea common centaury Forbs Introduced

Cirsium vulgare bull thistle Forbs Introduced

Claytonia perfoliata ssp. perfoliata perfoliate miner's lettuce Forbs Native

Claytonia sibirica candyflower Forbs Native

Clinopodium douglasii yerba buena Forbs Native

Collomia heterophylla varied leaf collomia Forbs Native

Cynoglossum grande Pacific hound's tongue Forbs Native

Daucus carota Queen Anne's lace Forbs Introduced

Dianthus armeria Deptford pink Forbs Introduced

Dicentra formosa bleeding heart Forbs Native

Digitalis purpurea foxglove Forbs Introduced

Eriophyllum lanatum var. lanatum Oregon sunshine Forbs Native

Erythronium oregonum ssp. oregonum giant fawn lily Forbs Native

Eucephalus vialis wayside aster Forbs Native

Eurybia radulina rough-leaved aster Forbs Native

Fragaria vesca ssp. bracteata common strawberry Forbs Native

Fragaria virginiana var. platypetala Virginia strawberry Forbs Native

Galium aparine var. echinospermum bedstraw Forbs Native

Galium oreganum Oregon bedstraw Forbs Native

Geranium dissectum cut-leaf geranium Forbs Introduced

Geranium molle dovefoot geranium Forbs Introduced

Goodyera oblongifolia rattlesnake plantain Forbs Native

Horkelia congesta ssp. congesta shaggy horkelia Forbs Native

Hypericum perforatum Klamathweed Forbs Introduced

Hypochaeris radicata false dandelion Forbs Introduced

Iris tenax var. tenax Oregon iris Forbs Native

Lathyrus nevadensis var. nevadensis Sierra peavine Forbs Native

Leucanthemum vulgare ox-eye daisy Forbs Introduced

Ligusticum apiifolium licorice-root Forbs Native

Lilium columbianum tiger lily Forbs Native

Linnaea borealis var. longiflora twinflower Forbs Native

Linum bienne pale flax Forbs Introduced

Listera cordata heartleaf twayblade Forbs Native

Lotus micranthus small-flowered deer lotus Forbs Native

Madia sativa Chile tarweed Forbs Native
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Scientific Name Common Name Type Origin

Marah oreganus wild cucumber Forbs Native

Melissa officinalis lemon balm Forbs Introduced

Mimulus alsinoides chickweed monkey-flower Forbs Native

Mimulus guttatus yellow monkey-flower Forbs Native

Mitella ovalis oval-leaved mitrewort Forbs Native

Moehringia macrophylla bigleaf sandwort Forbs Native

Nemophila parviflora var. parviflora small-flowered grovelover Forbs Native

Osmorhiza berteroi sweet-cicely Forbs Native

Oxalis suksdorfii yellow wood sorrel Forbs Native

Piperia elegans ssp. elegans hillside rein-orchid Forbs Native

Plantago lanceolata English plantain Forbs Introduced

Polygonum spergulariaeforme fall knotweed Forbs Native

Prosartes hookeri fairy bells Forbs Native

Prosartes smithii fairy lanterns Forbs Native

Prunella vulgaris var. lanceolata self-heal Forbs Native

Ranunculus uncinatus disappointing buttercup Forbs Native

Rumex acetosella sour dock Forbs Introduced

Rumex crispus curly dock Forbs Introduced

Senecio jacobaea tansy ragwort Forbs Introduced

Silene campanulata ssp. glandulosa slender campion Forbs Native

Sisyrinchium idahoense var. idahoense western blue-eyed grass Forbs Native

Streptopus amplexifolius var. americanus twistedstalk Forbs Native

Synthyris reniformis var. reniformis snow-queen Forbs Native

Taraxacum officinale common dandelion Forbs Introduced

Tellima grandiflora fringecup Forbs Native

Tiarella trifoliata var. unifoliata one-leaf foamflower Forbs Native

Tolmiea menziesii pig-a-back plant Forbs Native

Tonella tenella baby innocence Forbs Native

Torilis arvensis sock-binder Forbs Introduced

Trientalis latifolia broad-leaved starflower Forbs Native

Trifolium willdenowii tomcat clover Forbs Native

Trillium ovatum western trillium Forbs Native

Vancouveria hexandra inside-out flower Forbs Native

Viola sempervirens evergreen violet Forbs Native

Whipplea modesta yerba de selva Forbs Native

Wyethia angustifolia narrow-lf mule's-ears Forbs Native

Columbiadoria hallii Hall's goldenweed Forbs Native

Thermopsis gracilis golden pea Forbs Native

Aira caryophyllea var. caryophyllea silver hairgrass Graminoids Introduced

Briza minor little quaking-grass Graminoids Introduced

Bromus carinatus California brome Graminoids Native

Bromus vulgaris Columbia brome Graminoids Native

Carex leptopoda Dewey's sedge Graminoids Native

Cynosurus echinatus hedgehog dogtail Graminoids Introduced

Dactylus glomerata orchard grass Graminoids Introduced

Danthonia californica California oatgrass  Graminoids Native

Deschampsia cespitosa var. cespitosa tufted hairgrass Graminoids Native

Dichanthelium acuminatum var. fasiculatumwestern witchgrass Graminoids Native

Elymus glaucus ssp. glaucus blue wildrye Graminoids Native

Festuca californica var. californica California fescue Graminoids Native

Festuca occidentalis western fescue Graminoids Native
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Scientific Name Common Name Type Origin

Festuca roemeri Roemer's fescue Graminoids Native

Festuca subulata bearded fescue Graminoids Native

Festuca subuliflora crinkle-awn fescue Graminoids Native

Glyceria striata tall mannagrass Graminoids Native

Holcus lanatus velvet grass Graminoids Introduced

Juncus effusus var. effusus European soft rush Graminoids Introduced

Juncus ensifolius var. ensifolius dagger-leaved rush Graminoids Native

Juncus occidentalis slender rush Graminoids Native

Juncus oxymeris pointed rush Graminoids Native

Juncus patens spreading rush Graminoids Native

Koeleria macrantha prairie junegrass Graminoids Native

Lolium perenne perennial ryegrass Graminoids Introduced

Luzula comosa field woodrush Graminoids Native

Luzula divaricata spreading woodrush Graminoids Native

Melica subulata Alaska onion grass Graminoids Native

Phleum pratense common timothy Graminoids Introduced

Poa pratensis Kentucky bluegrass Graminoids Introduced

Schedonorus arundinaceus alta fescue Graminoids Introduced

Bromus japonicus  hairy brome  Graminoids Introduced

Festuca rubra ssp. rubra red fescue  Graminoids Introduced

Abies grandis grand fir Trees / Shrubs Native

Acer circinatum vine maple Trees / Shrubs Native

Acer macrophyllum bigleaf maple Trees / Shrubs Native

Amelanchier alnifolia var. semiintegrifoliaserviceberry Trees / Shrubs Native

Arbutus menziesii Pacific madrone Trees / Shrubs Native

Berberis nervosa Cascade Oregon-grape Trees / Shrubs Native

Calocedrus decurrens incense cedar Trees / Shrubs Native

Corylus cornuta var. californica wild hazelnut Trees / Shrubs Native

Cytisus scoparius Scot's broom Trees / Shrubs Introduced

Gaultheria shallon salal Trees / Shrubs Native

Holodiscus discolor ocean spray Trees / Shrubs Native

Lonicera hispidula var. hispidula hairy honeysuckle Trees / Shrubs Native

Oemleria cerasiformis osoberry Trees / Shrubs Native

Populus trichocarpa black cottonwood Trees / Shrubs Native

Prunus emarginata var. mollis bitter cherry Trees / Shrubs Native

Pseudotsuga menziesii var. menziesii Douglas fir Trees / Shrubs Native

Quercus garryana var. garryana Oregon white oak Trees / Shrubs Native

Rosa eglanteria sweetbriar rose Trees / Shrubs Introduced

Rosa gymnocarpa little wild rose Trees / Shrubs Native

Rosa nutkana var. nutkana Nootka rose Trees / Shrubs Native

Rubus armeniacus Himalayan blackberry Trees / Shrubs Introduced

Rubus laciniatus evergreen blackberry Trees / Shrubs Introduced

Rubus leucodermis var. leucodermis blackcap raspberry Trees / Shrubs Native

Rubus ursinus Pacific dewberry Trees / Shrubs Native

Symphoricarpos albus var. laevigatus common snowberry Trees / Shrubs Native

Symphoricarpos mollis creeping snowberry Trees / Shrubs Native

Taxus brevifolia pacific yew Trees / Shrubs Native

Thuja plicata western redcedar Trees / Shrubs Native

Toxicodendron diversilobum poison oak Trees / Shrubs Native

Tsuga heterophylla western hemlock Trees / Shrubs Native

Vaccinium parvifolium red huckleberry Trees / Shrubs Native
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