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Disclaimer

This Conservation Assessment (CA) compiles published and unpublished information on the Elegant Fawn Lily, Erythronium elegans. This assessment does not represent a management decision by the USDA Forest Service (Region 6) or Bureau of Land Management for Oregon and Washington. Although we used the best scientific information available and appropriate experts were consulted in preparation of this document, we expect that new information will be forthcoming. We ask that readers and researchers contact the Interagency Special Status and Sensitive Species Conservation Planning Coordinator in Portland, Oregon, with any new information, via the Interagency Special Status and Sensitive Species Program website at http://www.fs.fed.us/r6/sfpnw/issssp/.
Executive Summary

Species and Taxonomic Group

Erythronium elegans Hammond & Chambers, vascular plant.
Management Status

E. elegans is currently on the USDA Forest Service Region 6 Sensitive Plant Species List and is Bureau Sensitive for the Bureau of Land Management. The species is listed as Threatened by the State of Oregon and a Species of Concern (SOC) with the U.S. Fish and Wildlife Service. The species has a Global Rank of G1 and State Rank in Oregon of S1, “critically imperiled because of extreme rarity or because it is somehow especially vulnerable to extinction or extirpation, typically with 5 or fewer occurrences”.

Range and Habitat

E. elegans is endemic to the Coast Range in Lincoln, Tillamook, Yamhill and Polk Counties, Oregon. Habitat is restricted to peaks and ridges above 790 meters (2600 feet) in elevation. The species occurs in a wide range of habitats within this limited range but reproduction is most common in both non-forest and open-canopy forest habitat with limited vegetative competition.
Threats
Threats include climate change due to the inability to respond by shifting its range, in-breeding depression due to the limited number of small, disjunct sites, insect and disease outbreaks, invasive plant invasion, herbivory by elk and deer, vegetative competition from shrubs and trees resulting from plant succession, illegal plant collection or picking of the showy flowers, and the effects of management including habitat enhancement for other species and timber management.
Management Considerations

· Maintain the full diversity of E. elegans habitat and anticipate changes in future habitat needs.
· Collect seed for long term storage in a seed bank from all populations so that there is an adequate supply of seed representing the entire genetic diversity of E. elegans for use in restoration efforts and to guard against extirpation of the species.
· Determine the propagation techniques and germination requirements in preparation of in-situ augmentation or ex-situ introduction.
· Monitor sites on an annual basis to identify disease, insect and invasive plant problems and determine if illegal collection has occurred.
· If illegal collection of plants is suspected, contact law enforcement officials and request increased patrol of area during times that collection is suspected to be occurring.

· Inventory and map invasive species at all sites. Periodically monitor infestations and, if warranted, apply appropriate treatment to control or eradication infestations.
· Consider practices that reduce the risk of introducing or expanding invasive species when planning and implementing projects in the vicinity of E. elegans sites.

· Monitor the Lost Prairie site on Salem BLM to determine the loss of reproductive capability resulting from elk herbivory. If losses appear significant, consider actions such as fencing or caging individual plants.

· Management proposals for the purpose of increasing elk population or use in the vicinity of sites should also address potential impacts to E. elegans, and include mitigation (such as fencing) to reduce/eliminate impacts.

· Consider initiating vegetation management projects for the benefit of E. elegans. Examples include timber stand thinning, reducing shrub competition by mechanical and manual methods, and maintaining open meadow habitat by mowing or the use of prescribed fire.

· Review plans for Oregon silverspot butterfly habitat enhancement at the Mt. Hebo site on the Siuslaw National Forest prior to implementation each spring and work with contractors to identify and avoid E. elegans.

· Establish and implement a Site Management Plan for each site area. 
Research, Inventory and Monitoring Opportunities
· Continue ongoing genetics work that seeks to determine the origins of E. elegans and its level of genetic diversity between and within sites. What are the seed transfer guidelines and can material from one site be used to augment another? Does E. elegans suffer from in-breeding depression? 
· What are the germination requirements or propagation techniques to reproduce plants?
· Inventory potential habitat (open rocky areas, meadows, peaks and ridges) between known sites to locate additional occupied sites and potential habitat areas.

· Incorporate results from Oregon Department of Forestry timber harvest effects monitoring at the Triangulation Point site and increase our understanding of management activity impacts.
· Monitor the effectiveness of any vegetation manipulation done to benefit E. elegans, or for any other purpose. 
· Initiate monitoring of population trends in different habitat types; design and implement a program capable of detecting meaningful changes in populations (to be determined by agency biologists in conjunction with population experts). 
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I. Introduction

A. Goal 

The goal of this CA is to summarize existing knowledge about Erythronium elegans, the Elegant Fawn Lily. Included will be summaries of current information on biology, ecology, threats, and management considerations, to facilitate Federal management for species conservation. Concern for E. elegans derives from its rarity and its limited distribution. It is apparently restricted to six population areas, all from the northern Coast Range of Oregon. 

Federal management for this species follows US Forest Service Sensitive Species and OR / WA BLM Special Status Species policies. For OR / WA BLM administered lands, Special Status Species policies detail the need to manage for species conservation. The USFS Region 6, Sensitive Species policy requires the agency to maintain viable populations of all native and desired non-native wildlife, fish, and plant species in their geographic range on National Forest System lands and to develop and implement management actions to ensure that species do not become threatened or endangered. 
B. Scope

The geographic scope of this assessment includes consideration of the entire known and suspected range of E. elegans, the Coast Range of northern Oregon (Figure 1). Species-specific information is included for federal lands, and for non-federal lands as it relates to the overall conservation of the species. Threats discussed represent known or suspected existing threats, any of which may change with time. Management considerations generally apply to specific localities, though some range-wide concerns such as habitat connectivity are addressed as well. Uncertainty is acknowledged where appropriate, and information updates will be necessary to keep this assessment current. 
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Figure1. Erythronium elegans locations
C. Management Status

Erythronium elegans has a Heritage Global (G) and State (S) rank of 1 in Oregon ("Critically imperiled because of extreme rarity (Oregon Natural Heritage Information Center 2007). This rank was last reviewed March 2003 (Natureserve 2009). It is a federal Species of Concern (SOC), an Oregon State Threatened species, and a US Forest Service Region 6 Sensitive and Bureau of Land Management Special Status species. Oregon Natural Heritage Information Center (ORNHIC) classifies this species as List 1 (Taxa that are threatened with extinction or presumed to be extinct throughout their entire range).

II. Classification and Description

A. Systematics

The taxonomic hierarchy for Erythronium elegans (USDA NRCS 2009b) includes: 

Division: 
Magnoliophyta (Flowering Plants)

Class:
Liliopsida (Monocotyledons)

Subclass:
Liliidae

Order:
Liliales

Family:  
Liliaceae (Lily Family)

Genus:
Erythronium L. (Fawnlily)

Species:
Erythronium elegans Hammond & Chambers

Paul Hammond and Kenton Chambers first described Erythronium elegans (Hammond and Chambers 1985) from a population on Mt. Hebo in the northern Coast Range of Oregon. Hammond and Chambers analyzed morphological traits to conclude that E. elegans may be intermediate between two genetically linked groups, the first represented by E. oregonum and E. revolutum and the second represented by E. montanum and E. klamathense. The authors hypothesized that E. elegans originated in an ancestral complex that included E. montanum and E. klamathense, possibly hybridizing with E. revolutum. 
Investigations into the origins of the newly described E. quinaultense, from the Olympic Mountains of Washington, revealed that this species is tetraploid (2n=48) as is E. elegans (Allen 2001). All other species of Erythronium in western North America are diploid (2n=24) (Allen, Soltis and Soltis 2003). Based on morphological characteristics that are distinct from one another but intermediate between E. montanum and E. revolutum, and their shared tetraploidy, Allen proposed that E. elegans and E. quinaultense may have evolved from separate hybridization events of the same parent species (Allen 2001, 2007). Using chloroplast gene and nuclear ribosomal DNA internal transcribed spacer (ITS) sequences, Allen, Soltis and Soltis (2003) linked E. oregonum, E. revolutum, E. quinaultense, and E. elegans to one ‘clade’, separate from E. klamathense. 
Results from a study comparing chloroplast DNA material inherited from the seed parent (Allen 2008, Allen pers. comm. 2009) suggests a hybrid origin of E. elegans that includes both E. revolutum and E. oregonum as seed parents from different hybridization events. The data does not support the involvement of E. montanum as a seed parent, however, based on morphological similarities with E. elegans, it is possible that it contributed as a pollen parent. The data also indicate that genetic differences between the six sites sampled (Fanno Meadows, Mt. Hebo, Lost Prairie, Saddle Bag Mountain, Rocky Point, Triangulation Point) are greater than previously thought and the species may have arisen from at least two separate hybridization events. Two possible scenarios include;
i)  E. oreganum (seed parent) X E. revolutum (pollen parent)
ii) E. revolutum, or an E. revolutum-E.oregonum hybrid (seed parent) X E. montanum (pollen parent).
Chloroplast DNA haplotype distributions place the Mt. Hebo, Lost Prairie, and Rocky Point sites in one haplotype, and the Saddlebag Mountain, Fanno Meadows, and Triangulation Point sites each with their own haplotypes (Allen 2008, Allen pers. comm. 2009). Saddlebag Mountain and Fanno Meadows were found to have two haplotypes at each site, indicating that they may have the most within-population genetic diversity. The implication of genetic studies completed to date is that E. elegans may not be a single uniform species, but may have distinct races or varieties. Further investigation of nuclear DNA sequences may reveal the origins of the pollen parent, the role of E. montanum, and more fully determine the genetic diversity of the species within and between sites.
We present a key to Erythronium species known from the Pacific Northwest (Figure 2) developed using Allen (2001), the Flora of North America (Allen and Robertson 2003), and Kozloff (2005).
Figure 2. Key to Erythronium species known from northwest Oregon, north to British Columbia 
1a. Leaves distinctly mottled with white to brown transverse bands; leaf (lf) margin often planar, leaves (lvs) prostrate 
2

1b. Leaves green, not mottled with white or brown transverse bands (or in E. elegans or E. quinaultense, sometimes with very faint bands); lf margin often sinuose and with leaf tips more upright 
3

2a. Tepals uniformily pink at anthesis; anther filaments noticeably widened (lanceolate), 2.0 to 3.0 mm wide at mid-point; leaves mottled whitish; plants of immediate coast or within coastal influences, often riparian (British Columbia south to northern California)
E. revolutum
2b. Tepals white to cream colored at anthesis, often aging with a blush of pink; anther filaments at least somewhat widened (narrowly lanceolate), 1.0 to 3.0 mm at midpoint; leaves mostly distinctly mottled with purple-brownish transverse bands; plants mostly east of the coastal mtns. in valley lowlands, well-drained habits, non-riparian. (British Columbia to southern Oregon)
E. oregonum
3a. Tepals yellow; leaves glaucous, stomata often appearing in obvious rows (apparent at least in live plants); plants mostly at higher elevations in the Cascade Mountains and eastward, but occasionally found on Coast Range peaks and ridges. Plants of the Coast Ranges have pale, instead of yellow or reddish anthers, and have been referred to as var. pallidum (British Columbia to California)
E. grandiflorum 
3b. Tepals white to cream with a yellow zone at base, often blushed with pink; leaves not glaucous, stomata more random; distribution various
4

4a. Tepals white at anthesis; filaments linear, ≤  0.8 mm wide; plants of the Cascade and Olympic Mtns., not likely to be found below 3,500 feet in the Cascades and 3,000 feet in the Olympic Mts.. (British Columbia to central Oregon Cascades)
E. montanum

4b. Tepals tinged with pink at anthesis; filaments narrow lanceolate, ≥  0.8 mm wide; endemic plants of the coastal mountains in northwest Oregon and western Washington
5

5a. Tepals ± white to pinkish, the outer ones generally more strongly colored, especially on the outer surface; anther filaments 0.8–1.4 mm wide, white; known only from the Coast Range in northwestern Oregon
E. elegans

5b. Tepals ± white near base, shading to pink at margins and tips; anther filaments 1.0–1.8 mm wide, often pink-tinged; known only from the Olympic Mountains in western Washington
E. quinaultense

   B. Species Description

The genus Erythronium is a spring-blooming, bulb-producing perennial of about 28 species. It is morphologically homogeneous and easily recognizable. All species of Erythronium emerge from a bulb, producing basal leaves and a flowering stalk with one or more flowers (Allen and Robertson 2003; Allen, Soltis and Soltis 2003). Descriptions provided in Flora of North America (Allen and Robertson 2003), Eastman (1990), Hammond and Chambers (1985), and Kozloff (2005), as well as field observations suggest that populations of E. elegans show variation in flower color, leaf shape, and leaf mottling. 

The tepals of E. elegans are lance-shaped with slightly recurved tips. They may be up to 2" long, and vary in color from white to cream to pink. A single stem may contain as many as 3 flowers. The leaves of E. elegans are mostly deep green or sometimes very faintly mottled with a few brown or white lines. Leaf margins are often sinuate (J. Knurowski Pers. Comm. 2006).
A taxonomic description from the Flora of North America (Allen and Robertson 2003) follows:

Bulbs slender, 30–50 mm. Leaves 7–20 cm; blade green or faintly mottled with brown or white, narrowly ovate, margins often wavy. Scape 10–30 cm. Inflorescences 1–2(–4)-flowered. Flowers: tepals: inner ± white, outer ± white and tinged (often strongly) with pink, especially abaxially and along midline, becoming more generally pinkish with age, both inner and outer with yellow band at base, lanceolate to narrowly elliptic, 20–40 mm, abaxial surfaces and outer tepals often darker, inner auriculate at base; stamens 13–22 mm; filaments white, flattened, slightly widened, linear to lanceolate, 0.8–2 mm wide; anthers yellow; style white, 10–20 mm; stigma with slender, usually recurved lobes 2–4 mm. Capsules obovoid to oblong, 2–5 cm.

Figure 3 Erythronium elegans, Mt Hebo
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Photo by M.Stein
III. Biology and Ecology

A. Life History and Reproductive Biology 

Erythronium elegans is known from six population areas in the northern Oregon Coast Range. Existing information on life history and reproductive biology has been collected from the Lost Prairie, Saddlebag Mountain, Rocky Point (all Bureau of Land Management jurisdiction); Mt Hebo (US Forest Service jurisdiction), Fanno Meadows (private ownership,Willamette Industries) and the Triangulation Point (Oregon Department of Forestry) sites. Investigations into pollination biology, herbivory and vegetative competition from these populations have provided insight into life history and reproductive biology.
The pollination biology of most species of Erythronium is not well known. Pollinators are presumed to include bees and other insects. Bumblebees have been observed pollinating Erythronium grandiflorum, which occurs in close proximity to E. elegans on Mt Hebo. A pollination study at Lost Prairie (Raven 1995) found that E. elegans was self-compatible, and produced viable seed from self-pollinated flowers, as well as those which were out-cross pollinated.  During one year of the study the number of seeds produced per fruit was significantly greater for the out-crossed individuals compared to self-pollinated fruits.
Herbivory of flowers appears to be an important factor for determining how many mature fruits will be produced (Raven 1995). Nets and cages used in Raven’s study excluded herbivores as well as pollinators. Over a two-year period, plants protected from herbivory were compared with unprotected controls: In the protected group, 6 percent and 13 percent of plants were missing flowers in each of the two years compared to 36 percent and 27 percent of plants in the control (unprotected) group. Deer and elk were the presumed grazers and browsers of the control group of plants. Among other things, the study demonstrated that exclusionary devices like cages could be effective in reducing herbivory, thus increasing fruit set. 

Vegetative competition does not appear to be a major factor in initial seedling growth and survival of E. elegans seedlings.  An experiment at the Lost Prairie site assessed the competitive effects of salal (Gaultheria shallon), a woody shrub, on E. elegans germination, seedling growth and condition (Raven 1995). A comparison of areas with salal competition versus those without suggested that there was no statistical difference between the two for either germination rate or seedling condition. Greater than 80 percent of the seed germinated with 90 percent of the seedlings in good health in both cases. 

Vegetative competition may be a factor in herbivory of E. elegans. Raven (1996) investigated whether salal is a factor in the herbivory of E. elegans where both species occur concurrently. In treated plots, all salal was clipped to the ground. Salal was left unclipped in the untreated plots. One year out of three, more E. elegans plants had their flowers and leaves browsed where salal had been clipped. In the other two years, the number of browsed flowers and leaves was similar for both clipped and unclipped plots. Although study results were mixed, it appears that E. elegans gains some protection from leaf, flower, and fruit herbivory when growing amidst salal. Herbivores may find it easier to browse on E. elegans if interfering vegetation is absent. Study results suggest that plants growing amongst salal are taller, with more leaf area. Perhaps salal provides some shading which reduces temperature or evaporation rates, or somehow contributes to other unknown microsite requirements (Raven 1996). 

Some genetic and morphological information suggests that E. elegans is able to reproduce vegetatively (Guerrant et al. 1996).  Genotype sampling of individuals within the same clump revealed their identical genetic heritage, distinct from all others in the area. Field observations of a bulb exposed at ground surface revealed that the mechanism for vegetative reproduction is the production of small offset bulbs. Vegetative reproduction by means of stolons is known from eastern North American species of Erythronium, and from a single western species. E. multiscapoideum. For species lacking stolons, including E. elegans, Allen, Soltis and Soltis (2003) also concluded that vegetative spread may result from small offset bulbs.
Vegetative dormancy, where plants don’t consistently emerge in consecutive years, was demonstrated for E. elegans in Guerrant’s work (Guerrant 1999). While conducting demographic studies that followed individual plants over a period of time, Guerrant found emerging plants that were clearly not seedlings, but which also had not been present the previous year. Data from several years convinced him that these were dormant plants that had remained beneath the surface for one or more growing seasons. Data also suggested that up to 14 percent of individuals could be dormant in a given year and that dormancy could last as long as three years. With the conclusion that vegetative dormancy occurs also came the acknowledgement that this greatly complicates monitoring work on E. elegans. 

The overall phenology of E. elegans is variable, probably depending on microhabitat conditions (Raven 1995). Emergence from the bulb begins early- to mid-April. Raven observed that flowering plants generally emerge before vegetative plants, with fully mature flowers developing in late April. The flowering period lasts approximately one month until late-May to early-June, at which time fruits begin to develop. Fruits reach full size in July, and begin to dehisce from mid-July through August, when plants wither and die back to the soil surface.

B. Range, Distribution and Abundance

The genus Erythronium is widely, though disjunctly, distributed in temperate areas across Eurasia and North America. It occurs in eastern and western North America, eastern and central Asia, and Europe. In western North America about 18 species occur from British Columbia to New Mexico (Allen 1993, Allen and Robertson 2003). Erythronium reaches its greatest diversity in North America, specifically in Oregon and northern California (Allen, Soltis and Soltis 2003). 

Globally, E. elegans is known from six site areas in the northern Oregon Coast Range. The range extends approximately 72 kilometers (45 miles) north and south, within a zone that is 16 – 32 kilometers (10 - 20 miles) from the Pacific coast. All sites occur on prominent Coast Range peaks and ridges, separated from one another by up to 48 kilometers (30 miles). This distribution results in a pattern of high-elevation islands of habitat separated by lower elevation coniferous forests.
Table 1. E. elegans known sites
	Site Name
	County
	Administration

	Mt Hebo
	Tillamook, Yamhill
	Siuslaw NF, USFS

	Lost Prairie Area of Critical Environmental Concern (ACEC)
	Lincoln
	Salem District, BLM

	Rocky Point
	Lincoln
	Salem District, BLM

	Fanno Meadows 
	Polk
	Willamette Industries, TNC shares management.

	Saddlebag Mountain ACEC/Research Natural Area.
	Lincoln
	Salem District, BLM

	Triangulation Point
	Tillamook
	Tillamook State Forest, Oregon Dept of Forestry


The cumulative area of all known sites is estimated to be approximately 95 hectares (235 acres) with an estimate of 3,000 total stems (Natureserve 2009). Because of the limited availability of habitat and the disjunct distribution of sites, opportunities for this species to expand beyond currently occupied sites may be limited to non-existent.

C. Population Trends and Demography

A six year study was initiated in 1991 to compare the demographics of a population perceived to be healthy (Mt Hebo) with one thought to be in decline (Lost Prairie) (Guerrant 1999). At each site, two sub-populations were selected for study. Analysis showed that one sub-population was growing vigorously, one was in serious decline, and the remaining two were stable (Guerrant 1999). The sub-population with declining numbers was in a closed canopy coniferous forest with heavy shade and a well developed herbaceous plant layer, while the sub-population with increasing numbers and the two that were stable were in more open habitat where they received more light. The site with the greatest population growth had, on average, the lowest levels of phosphorous, potassium, calcium, magnesium, ammonium, and nitrate in the soil (6 of the 8 nutrients tested for). One hypothesis offered by Guerrant is that E. elegans is generally at a competitive disadvantage relative to its neighboring species and it may do better in poor soil conditions, obtaining sufficient nutrients where other taxa might struggle (Guerrant 1999).
The sub-population with the greatest reproductive success occurred under or directly adjacent to conifers with branches that extend to ground-level, possibly protecting plants from herbivory by elk. Guerrant (1999) suggests that some of the disadvantage of growing in a more shaded environment, in this case, may be offset by the protection the plants appear to receive from elk herbivory. The protective advantage from low-growing branches would tend to disappear in forest habitat with a high closed canopy and low light levels, where herbivory could occur unimpeded.
Early in the demographic study it was recognized that determining mortality would be difficult because plants may remain dormant below the soil surface for some period. In addition, part of the study coincided with a period of high incidence of a fungal pathogen on E. elegans and other Liliaceae species. The pathogen was tentatively identified as Phoma sp. (Guerrant 1999). No evidence of fungal infection was seen during a 2006 site visit to Mt Hebo (M. Stein and R. Exeter, Pers. Obs.2006). 

Specific observations from work done by Raven (1994, 1995, 1996) on herbivory and vegetative competition include:

· There were clear differences between caged and un-caged plants in a herbivore exclusion experiment: in un-caged plots more flowers and fruits, and bigger leaf portions were removed and presumably eaten by elk or deer.
· More mature fruits were produced in caged plots.

· Caging is an effective method for excluding herbivory and subsequently improving fruit success.

· Light salal cover appears to have both beneficial and harmful effects on E. elegans. Benefits include some protection from deer and elk herbivory and from weather extremes, however, salal cover shelters rodents which feed on the lily, and the cover limits light availability. Heavy salal cover may prevent the establishment of new plants and contribute to the death of established plants. 
D. Habitat

A characterization of Erythronium elegans habitat presents challenges. Although the species is confined to a small geographic area of the northern Oregon Coast Range, and is restricted to peaks above 790 meters (2,600 feet) in elevation, E. elegans is found in a wide array of habitats within this limited landscape. To capture this habitat variation and diversity, population areas are discussed individually: 

1. Mt. Hebo Site
E. elegans is found on Mt. Hebo from 790 meters (2,600 feet) in elevation to the summit at 945 meters (3,100 feet). Plants occur in (a) forest habitats, both open and closed canopy, (b) forb and graminoid dominated meadows, and (c) rocky cliff escarpments within both forest and non-forest habitat. Each of these habitats has its own species assemblage and therefore the list of associated species for E. elegans is large. Essentially, it includes most plant species known from the upper elevations of Mt. Hebo. E. elegans plants appear to have a strong preference for northwest to northeast aspects, particularly in non-forested habitat. The limited numbers of plants that do occur on more southerly aspects, particularly in non-forested habitat, are typically found in sheltered micro-sites next to a clump of shrubs, in a concave depression, or other locations that provide relatively cool, moist conditions. In forested habitats, aspect does not appear to be as important. Associated species at the Mt. Hebo site are listed in Appendix Tables 2 through 4.
(a) Forest Habitats

E. elegans is found in a wide range of forest habitats at Mt. Hebo including forest edges adjacent to meadows and rock outcrops, small gaps in older (80-100 year old) stands, closed canopy stands with up to 80 percent canopy cover, as well as openings created by road corridors, where plants occur on cut slopes and in ditch lines. Plants can occur as widely scattered individuals or in dense patches. Slopes range from 0 to 80 percent with northwest to northeast aspects being most common, although plants can be found in all aspects. Forest canopy cover appears to be a factor as plants are generally more numerous where cover is less than 70 percent and often occur only as scattered individuals where canopy cover is greater than 70 percent. Plants in forest habitat generally do not tolerate a shrub component of more than 20 to 30 percent cover. Vegetative cover for herbaceous plants and bryophytes is variable, ranging from 5 to 90 percent. 
Figure 4. E. elegans under a closed-canopy conifer stand on Mt. Hebo. Arrows indicate non-reproductive plants.
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Photo by K. Cushman
(b) Meadow Habitat at Mt Hebo

The grass- and forb-dominated meadows on the summit of Mt. Hebo have a complex history. Hammond et al. (1980) recounted information from Scott T. Wells, a Forest Service employee stationed at Hebo Ranger District, that most of the mountain was covered with a mature forest of western red cedar (Thuja plicata) as indicated by the presence of old stumps. Fires that occurred around 1845 and again at the turn of the century replaced much of the forest with open grassland. Sheep grazing by Euro-American settlers also occurred on the mountain around 1900 (Hammond et al. 1980). From 1909 to 1923 a large reforestation effort planted portions of the burn area with off-site Douglas-fir (Pseudotsuga menziesii var. menziesii), Norway spruce (Picea alba) and other experimental non-native tree plantings.  In the 1950’s, the U.S. Air Force established a radar base on the summit of Mt. Hebo, complete with barracks and 27 houses for full-time service personnel and their families. This facility occupied a portion of the meadow area and was in operation until 1984.  The base facilities were then demolished and the site “reclaimed”. More recently, the meadows have been managed for Oregon silverspot butterfly (Speyeria zerene var. hippolyta), a federal listed species. One of the few extant sites remaining for the silverspot, portions of the meadow are mowed annually to encourage the growth of early purple violet (Viola adunca), the larval food plant for the butterfly.

The meadow complex is located on the broad summit plateau where slopes are generally less than 10 percent and southwest to southeast aspects dominate.

Vegetation is a mix of native and non-native forb and graminoid species, depending on the degree to which soil disturbance has occurred. Prior to the 1845 fire, it is thought that native meadow species were largely restricted to small non-forested areas on rocky outcrops and cliffs, as evidenced by the lack of Roemer’s fescue (Festuca idahoensis Elmer ssp. roemeri (Pavlick) S. Aiken) (= F. rubra) (Hammond at al. 1980). Remnants of this native grass would indicate the presence of stable meadow habitat. Total vegetative cover is usually in excess of 80 percent. The distribution of E. elegans tends to be in small patches of fewer than 10 stems or scattered individuals. Often, plants are in small microsites on the north side of Alaska huckleberry (Vaccinium alaskaense) and serviceberry (Amelanchier alnifolia) shrub patches or in concave depressions. These locations likely have more consistent soil moisture early in the growing season from a lingering snowpack or reduced evaporation. 

Figure 5. E. elegans in meadow habitat, Mt. Hebo.
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Photo by K. Cushman
(c) Rocky Cliff Escarpment

The largest colonies of E. elegans on Mt. Hebo are found where the relatively flat plateau breaks along a steep escarpment on the north side of the mountain. There is often a sharp contrast between the scattered plants that occur on the gentle slope of the south side of the mostly east-west break, and dense colonies found only a few feet away down slope on the north side, particularly in steep rock or cliff habitat. Aspects are predominately northwest to northeast with slopes of 0 to 60 percent. Where the escarpment has a more westerly or easterly aspect, E. elegans is absent. Within this habitat, shrub cover, mostly salal, also appears to be a limiting factor if taller than approximately 45 centimeters (18 inches). Where E. elegans is present, the vegetation is dominated by herbaceous species and bryophytes with a minor component of trees and shrubs.
Figure 6. Escarpment on the summit of Mt. Hebo.
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2. Lost Prairie Site 

This site has a predominant northeastern aspect and is approximately 840 meters (2750 feet) in elevation. The site was clearcut in 1972. The original timber stand prior to cutting was probably dominated by western hemlock (Tsuga heterophylla), Douglas-fir and noble fir (Abies procera).  The site is presently dominated by Douglas fir and western hemlock. Vine maple (Acer circinatum), rhododendron (Rhododendron macrophyllum) and salal are the dominant shrubs.  The plant series is within the western hemlock/rhododendron/salal plant association. The soils tend to be thin with gravelly soil. Although the majority of known sites of E. elegans occur mostly in the conifer stand, a few individuals are known to occur along the outer edges of a Sphagnum bog. In this respect, the Lost Prairie site is similar to the Fanno Meadows wetland site. There are an approximately 50-100 individual plants on this site. A few of the bryophyte species associated with E. elegans from within the conifer stand include: Racomitrium elongatum, Polytrichum juniperinum, and Eurhynchium oreganum.

3. Rocky Point Site
This site has a predominant northeastern aspect and is approximately 880 meters (2880 feet) in elevation. It is dominated by western hemlock, Douglas-fir, western red cedar and a few noble firs. The stand probably originated in the 1880’s after stand replacing fires. There are approximately 100 individual E. elegans on this site. It is characterized by an approximately 0.1 hectare (0.25 acre) basalt outcrop surrounded by a closed canopy cover. E. elegans occurs on the basalt where the canopy is open and is not known from beneath the dense conifer overstory.  Racomitrium elongatum is the dominant moss species associated with the basalt.  Oceanspray (Holodiscus bicolor) and salal also occur on the basalt outcrop.
Other associated species at the site include; Polypodium sp., Rosa sp., Vaccinium sp., Selaginella sp. and the following bryophyte species; Eurhynchium oreganum, Hyalocomnium splendens, Rhytidiadelphus loreus, Rhytidiadelphus triquetrus, Racomitrium varium, Isothecium stoloniferum, Polytrichum juniperinum, Polytrichastrium alpinum, and Scapania sp.
4. Fanno Meadows Site
This site occurs on the outer edges of a Sphagnum-sedge wetland. This site is approximately 870 meters (2850 feet) in elevation and has a gentle eastern slope. The conifer stand surrounding the wetland is similar to the BLM lands which surround it, and is estimated to be 65 years old. Dominant conifers include western hemlock, Douglas-fir and noble fir. The shrub layer is mostly thickets of Rhododendron. Few E. elegans individuals were observed (< 20), and were mostly located within or near plots established by Ed Guerrant of Berry Botanical Garden, at the outer edge of the wetland. These sites are becoming overgrown by competing vegetation similar to those at Lost Prairie.
        5. Saddlebag Mountain Site
This site occurs on a north-south ridge and has a gentle eastern aspect. The site is approximately 975 meters (3200 feet) in elevation. Western hemlock, noble fir and Pacific silver fir (Abies amabilis) dominate the western slopes and create a canopy cover greater than approximate 90 percent. There is little understory or ground vegetation in this stand. The eastern portion of the ridge was clearcut in approximately 1983 and is now dominated by true firs (Abies spp.) and western hemlock.  E. elegans occurs in two distinct habitats at the Saddlebag site. One area is a small 0.08 hectare (0.2 acre) basalt outcrop with an estimated population of less than 30 individual plants. There is a canopy of mostly western hemlock to the west of the basalt outcrop and thickets of hemlock and true fir reproduction to the east. The other site occurs on a flat broad ridge area of approximately 0.2 hectare (0.5 acre) with an estimated population of 150-200 individual plants. This area has thin gravelly soils and scattered exposed basalt boulders. Non-native graminoids are dominant in this area with little existing competing vegetation. This site is also flanked by western hemlock to the west and conifer reproduction to the east. Racomitrium elongatum is the dominant moss of both of these sites.

6. Triangulation Point Site
Discovered in 2000 by Oregon Department of Forestry personnel, this site occupies an area of approximately 80 hectares (200 acres) on the ridge and upper slopes of Triangulation Point in Tillamook State Forest. Elevation ranges from 855 - 1005 meters (2800 - 3300 feet). Fires have repeatedly burned the site during the last century. The 1933 Tillamook Fire killed all the overstory trees and was followed by fires in 1939 and 1945. Salvage logging then took place in 1954 and 1955. A 1954 aerial photo shows a few scattered remnant noble firs growing on the north side of the ridge, but most of the area remained open and non-forested as the result of the salvage harvest and fires. At present, forest stands are dominated by 35 - 40 year old Douglas-fir with scattered noble fir and red alder on the north side of the ridge. There is one stand of young, dense western hemlock on the west ridge of the site. The Douglas-fir was pre-commercially thinned in the late 1980s (D.Clough 2006).
E. elegans is most abundant and widespread on open, wet, brushy slopes with a north aspect. Plants become more scattered and patchy on forested north and west aspects and road cut banks. In forested habitats, plants occur where the shrub component is either lacking or only occurs in minor amounts, and there are small canopy gaps where sunlight can infiltrate. There is also a tendency for plants in forested habitat to occur above the headwalls of streams. E. elegans can also be found on dry brushy slopes with a south aspect where microsite conditions provide some protection. Overall, it appears that E. elegans does best where site conditions are moist to wet, with either partial or full sun. 

Other associated species at the site includes copperbush (Cladothamnus pyroliflorus), devil’s club (Oplopanax horridus), huckleberry (Vaccinium spp.), and oxalis (Oxalis oregana).

IV. Conservation
A. Threats

Aspects of the abundance and distribution of E. elegans suggest a relatively high overall vulnerability for this species. With relatively few sites, a disjunct distribution, and small geographic range, the species seems to be susceptible to range-wide events such as climate change, inbreeding depression, disease and insect outbreaks, invasive plant invasion, herbivory, vegetative succession, illegal collection, and management activities that could alter site conditions.
Large-scale stochastic threats (threats that affect the species range-wide)
1) Climate change.
Dramatic range shifts that have occurred as a response to climate change are well documented. Since the last glacial maximum, (25,000 years before present) the entire range of some tree species have been displaced north to new latitudes, e.g., spruce (Picea spp.), while other species continued to grow at the same latitude, but have shifted higher in elevation in response to climate (Davis and Shaw 2001). The Inter-governmental Panel on Climate Change (IPCC 2007) concluded that there is a very high confidence (>90%) that recent warming is strongly affecting biological systems including pole-ward and upward shifts in plant and animal ranges. Over the past 40 years, biological trends have been found to match climate predictions with a species range shift averaging 6.1 kilometers (10 miles) per decade toward the poles (Parmesan and Yohe 2003). An upward elevation shift of 8-10 meters (26-33 feet) per decade is predicted for nine plant species in the European Alps based on 70 to 90 years of occurrence records (Grabherr et al. 1994).
During the 20th century average temperature increase was greater in the Pacific Northwest (0.8º C, 1.8º F) than globally (0.6º C, 1.1º F), with the maritime portion of the region having the greatest increase (0.9ºC, 1.7º F), occurring primarily during the winter months (Mote 2003). Individual models for predicting global climate change do not work well on a regional scale (Mote et al. 2005). Using ten global climate models to perform simulations of future climate change for the Pacific Northwest, the average warming rate during the next century is expected to be in the range of 0.1º-0.6º C (0.2º -1.1º F.) per decade (Mote et al. 2005). Predictions for changes in total precipitation and seasonality are less certain, although warmer winter and spring temperatures are expected to reduce winter snowpack accumulations, shift the winter snowline to higher elevations and result in an earlier snow melt in the spring (Stewart et al. 2004, Mote et al. 2003).
Climate at E. elegans sites is typically maritime Pacific Northwest, characterized by moderate temperatures and high precipitation with a marked winter maximum. Weather data from the National Weather Service station at Laurel Mountain, located 7 kilometers (4 miles) northeast of the Fanno Meadows site at an elevation 1095 meters (3,590 feet), likely indicate general conditions at E. elegans sites. Average annual precipitation from 1971-2000 was 3.07 meters (121 inches), 90 percent of which occurred from October through May. For the period 1977 – 2008, average annual snowfall was 3.04 meters (120 inches), but varied from 0.58 meters (23 inches) to 8.20 meter (323 in). The coldest month was January with a mean temperature of 1.4º C (34.5º F) and the warmest was August with a mean temperature of 14.3º C (57.7º F) (Western Regional Climate Center 2009).
Using a scenario with increasing temperature, particularly during the winter months, and little change in total precipitation or seasonality, a reasonable outcome would be a reduction in the amount of precipitation falling as snow, and any snowpack that does accumulate would melt earlier in the spring. The near-freezing mean winter temperature at Laurel Mountain suggests that a small winter temperature increase could result in a drastic decrease in the amount of precipitation falling as snow. From 1980-2008, the snowpack at 950 meter (3,110 feet) Saddle Mountain, approximately 32 kilometers (20 miles) north of the Triangulation Point E. elegans site, had melted by early- to mid-April in a typical year. Actual dates ranged from May 31 to no snowpack at all. The mean water content (snow water equivalent) during April was 13 centimeters (5 inches), ranging from 0 (no snowpack) to 79 centimeters (31 inches) (USDA NRCS 2009a).
A possible effect of a reduced snowpack and earlier melt off on E. elegans is a reduction in soil moisture during the early part of the growing season in April and May. The contribution made by the melting snowpack to soil moisture at E. elegans sites is not known, however, precipitation in the form of rain or snow is still substantial at this time of year and it would seem that soil moisture would not be a limiting factor. At Mt. Hebo, E. elegans is most limited in meadow habitat with no tree cover and no slope. The scattered plants that do occur typically occupy small swales, the north side of shrub patches, or other microsites where soil moisture may be retained for a longer period. In contrast, dense colonies can be found at the edge of the meadow near the drip line of trees and where the meadow breaks into a north aspect, microsites where a lingering snowpack and reduced evaporation may lead to increased soil moisture. It is possible that a reduced snowpack in combination with a longer summer drought period could result in soil moisture deficits that affect E. elegans habitat suitability.
The response of E. elegans to changing conditions could be a shift to more suitable microsites that retain soil moisture for a longer period. It is almost certain that E. elegans will not be able to respond to a warming climate by expanding its range northward or shifting higher in elevation, given its current distribution. Based on the Grabherr et al. (1994) estimate for the upward elevation shift needed to compensate for predicted warming, all of the 215 meter (700 feet) vertical band of suitable habitat that E. elegans currently occupies would become unsuitable in 200 – 260 years. Noss (2001) suggested that for isolated habitats that harbor large numbers of endemic species, such as the cloud forests of tropical mountains, climate change is already the dominant threat because species have nowhere to shift in response to changes in both temperature and moisture. In these situations, ex situ preservation of species in zoos and botanical gardens may be the only way to avoid extinction. Ex situ collections should include sufficient genetic diversity to allow adaptation to uncertain conditions in reintroduction sites. Maintaining the full genetic diversity of E. elegans in-situ is a logical preparation for the possibility that ex-situ restoration becomes necessary in the future.
Local-scale threats (threats that disturb, remove, or destroy the individual)
1) Potential negative effects from genetic inbreeding in small, isolated population areas 

Genetic studies (Allen 2001, Allen, Soltis and Soltis 2003, Allen 2007, Allen 2008, Allen pers. comm. 2009) have shown E. elegans likely evolved from at least two separate hybridization events resulting in distinct genetic groups. Preservation of the genetic variation of the species requires that all current sites be maintained. Most critical are the Saddle Bag Mountain and Fanno Meadows sites which are distinct from the others and have the greatest within-population genetic diversity. They also are the smallest in terms of total plants with less than 230 and 30 respectively.

2) Insect and disease outbreaks including the fungi Phoma sp. 
The fungal outbreak noted by Guerrant (1999) has not been recently observed and may only be of minor consequence for E. elegans, however it underscores the vulnerability of the species because of its small population size and narrow ecological niche.
3) Vegetative competition resulting from invasive plant infestation.

Meadow habitat, in particular, is prone to invasion from invasive non-native plants. All non-forest E. elegans sites have some proportion of non-native species growing on them, but it appears that E. elegans is not being impacted at this time. 
4) Elk herbivory at Lost Prairie , and possibly other sites.
Raven (1994, 1995, 1996) documented elk herbivory of E. elegans and a resulting reduction in fruit set. It is unknown whether elk prefer E. elegans as a browse species. Herbivory leading to a reduction of photosynthetic leaf surface and flowers that result in reduced vigor and reproductive potential could lead to localized impacts within larger sites, and impact entire small sites.

5) Vegetative competition from shrub and tree species resulting from succession.
Open, non-forest habitat favored by E. elegans is a relatively rare occurrence in the Oregon Coast Range. During periods of maximum forest cover at currently occupied sites, E. elegans likely retreated to small areas of rocky, shallow soil not conducive to tree growth. Following fire, wind events, insect and disease outbreaks, or other disturbance that reduced tree cover, there would be the opportunity to expand into newly suitable habitat. While E. elegans does persist under a forest canopy, a large percentage of those plants appear to be non-reproductive compared with plants in more open habitat. The Saddlebag and Lost Prairie populations are both considered to be in decline, in part because of competition from encroaching salal and conifers. Without historical disturbance by fire, it is likely that meadow habitat would be lost over time through succession, further reducing the viability of these sites.
6) Illegal plant collection for horticultural purposes; E. elegans is a showy plant that 
adapts well to garden cultivation 

If collection of E. elegans is occurring, there is no evidence at this time to suggest that it is anything other than incidental and of a non-commercial nature.  
Management-related threats (threats directly resulting from management)
1) Meadow management/restoration activities.
Vegetation management for the federally threatened Oregon silverspot butterfly (Speyeria zerene var. hippolyta) on Mt. Hebo involves mowing and brushing to provide low-growing vegetation conducive to early blue violet (Viola adunca), the larval food plant. The violet is an early-seral species and cultural practices developed to promote its presence are generally compatible with the management of E. elegans, provided that E. elegans does not get mowed as well.
2) Soil disturbance and vegetation modification resulting from timber harvest.

Land allocations at E. elegans sites on BLM and Forest Service lands are ACEC and Mt. Hebo Special Interest Area respectively. Timber management is not an emphasis of either allocation and therefore is not a threat.  Timber harvest may occur at sites located on other ownerships, including Weyerhaeuser Inc. and the Oregon Department of Forestry (ODF). The effects of soil disturbance and micro-site changes associated with timber harvest on E. elegans are unknown.  To assess them, ODF established 89 monitoring plots at its Triangulation Point E. elegans site in 2006. An additional 47 plots were established as a control in similar habitat on the Forest Service’s Mt. Hebo site where no timber management is planned.

B. Conservation Status

The rarity and disjunct distribution of E. elegans suggest that this species is a high conservation priority when considering biological diversity within Oregon. Disjunct distribution patterns may present management challenges if management actions contribute to further geographic isolation of known population areas. The potential for management actions to provide positive conservation outcomes is discussed under Management Considerations. Of the six known site areas, four occur on federal lands managed by the Forest Service and BLM. 
C. Known Management Approaches

The Mt. Hebo site is within the Mt. Hebo Special Interest Area. Management objectives emphasize the maintenance of early purple violet for Oregon silverspot butterfly as well as plants in the aster family (Asteraceae) used as nectar sources by the adult butterfly. One of the goals of Viola adunca management is to minimize the possibility that management for the violet will conflict with or impact populations of E. elegans. (P. Bierzychudek, Pers. Comm. 2006).
Experimental management actions for Viola adunca have included:
· Burning and mowing to maintain short vegetation for the benefit of Viola adunca, which is not a vigorous competitor with taller vegetation.
· Burning to stimulate violet germination, although the empirical evidence to show this as a benefit is inconclusive.

Two of three known sites on BLM managed lands occur within or adjacent to Areas of Critical Environmental Concern (ACEC). Both ACECs (Saddle Bag and Lost Prairie) were established due to their unique vegetation which differs from the ubiquitous western hemlock plant associations found throughout the northern Coast Range Mountains. Primary management of these areas is to allow for natural succession while maintaining the botanical values for which the sites were designated. Saddle Bag Mountain ACEC was primarily designated due to the old growth stand of Pacific silver fir and the Lost Prairie ACEC site was primarily designated due to the Sphagnum bog.  E. elegans was described as a species after both of these areas were designated as an ACEC. The Saddle Bag Mountain population of E. elegans occurs on a non-forested shallow, rocky soils area and on a small basalt outcrop that is sandwiched between the mature western hemlock and Pacific silver fir stand to the west and an area that was clearcut in the 1980s to the east. The Lost Prairie population occurs in an area that was clearcut in the 1980s and is near the edge of a sphagnum wetland.  Other than providing some wire cages over individual plants to protect them from elk herbivory, there have not been any specific prior management approaches to enhance the populations of E. elegans at these sites. However, management objectives would allow for manipulating vegetation around the E. elegans locations to improve or create additional habitat.

The third BLM site occurs in a Late Successional Reserve (LSR) near Rocky Point.  This LSR area has been established primarily to benefit species that require late-successional and old growth forest habitat. There have not been any management activities at the Rocky Point site. E. elegans occurs on a small (less than 0.1 hectare) basalt rock outcrop that is surrounded by a coniferous forest with a dense crown ratio (~90%). The low available light at the site may limit any chance for this population to increase in size without modification of the canopy.
Willamette Industries has deeded a permanent conservation easement for the Fanno Meadows site, including full management control, to The Nature Conservancy (TNC).  E. elegans is being jointly managed at the site by Willamette Industries and TNC.
At the Triangulation Point site, no active management has taken place since E. elegans was discovered in 2000. In 2006, 89 plots were established to measure the response of E. elegans to a variable density thinning treatment that is planned to occur by 2009. As a control, 47 plots of the same design were established at an E. elegans site in forest habitat on Mt. Hebo (D. Clough 2006).
D.
Management Considerations

Management Considerations are actions or mitigations that a deciding official can use as a means of providing for the continued persistence of the species’ site. These considerations are not required and are intended as general information for field level personnel to use and apply in site-specific situations.
Climate Change (all sites)
· Maintain the full diversity of E. elegans habitat and anticipate climate change scenarios when considering future habitat needs. As an example, forested areas that are currently considered marginal habitat for the species may become more important if temperatures increase and winter snowpack depths decrease.
· Collect seed for long term storage in a seed bank from all populations to insure an adequate supply of seed representing the entire genetic diversity of E. elegans is available for restoration efforts and to guard against extirpation of the species.
· Determine propagation techniques and germination requirements in preparation of in-situ augmentation or ex-situ introduction.
    Inbreeding Depression (all sites)
· Continue ongoing genetics work that seeks to determine the origins of E. elegans and its level of genetic diversity between and within sites.

    Disease and Insect Outbreaks (all sites)
· Monitor sites on an annual basis to identify disease and insect problems early.

    Habitat loss due to invasive species (all sites)
· Inventory and map invasive species at all sites. Periodically monitor infestations and, if warranted, apply appropriate treatment to control or eradication infestations.

· Consider practices that reduce the risk of introducing or expanding invasive species when planning and implementing projects in the vicinity of E. elegans sites.

    Herbivory 

· Monitor the Lost Prairie site to determine the loss of reproductive capability resulting from elk herbivory. If losses appear significant, consider actions such as fencing or caging individual plants.
· Management proposals for the purpose of increasing elk population or use in the vicinity of sites should also address potential impacts to E. elegans, and include mitigation (such as fencing) to reduce/eliminate impacts. 
    Vegetative Succession (all sites)
· Consider initiating vegetation management projects for the benefit of E. elegans. Examples include timber stand thinning, reducing shrub competition by mechanical and manual methods, and maintaining open meadow habitat by mowing or the use of prescribed fire. Seasonal restrictions to mowing and prescribed fire should be utilized to complement other management objectives of the area, i.e. Oregon silverspot butterfly habitat.
    Illegal collection (all sites)
· If illegal collection of plants is suspected, contact law enforcement officials and request increased patrol of area during times that collection is suspected to be occurring. Annual monitoring of the more accessible sites should reduce this threat to acceptable levels.
   Management activities that may impact E. elegans sites

· Review plans for Oregon silverspot butterfly habitat enhancement at the Mt. Hebo site prior to implementation each spring and work with contractors to identify and avoid E. elegans.
   General Considerations (all sites)
· Establish and implement a Site Management Plan for each site area. 
V. Research, Inventory and Monitoring Opportunities
Research:
· Continue ongoing genetics work that seeks to determine the origins of E. elegans and its level of genetic diversity between and within sites. What are the seed transfer guidelines and can material from one site be used to augment another? Does E. elegans suffer from in-breeding depression? 
· What are the germination requirements or propagation techniques to reproduce plants?
Inventory:
· Inventory potential habitat (open rocky areas, meadows, peaks and ridges) between known sites to locate additional occupied sites and potential habitat areas.  Approximately 90 percent of potential habitat has been surveyed to date. 
Monitoring:

· Incorporate results from Oregon Department of Forestry timber harvest effects monitoring at the Triangulation Point site to increase our understanding of management activity impacts.
· Monitor the effectiveness of any vegetation manipulation done to benefit E. elegans, or for any other purpose.

· Initiate monitoring of population trends in different habitat types; design and implement a program capable of detecting meaningful changes in populations (to be determined by agency biologists in conjunction with population experts). 

VI. Acknowledgements

Funding for this work was provided by the Interagency Special Status and Sensitive Species Program, Portland Regional Office, Oregon.
VII. References

Personal Communications

Allen, G. 2007. Personal communication. Department of Biology, PO Box 3020, STN CSC, University of Victoria, Victoria, BC V8W 3N5.
Allen, G. 2008. Personal communication. Department of Biology, PO Box 3020, STN CSC, University of Victoria, Victoria, BC V8W 3N5.
Allen, G. 2009. Personal communication. Department of Biology, PO Box 3020, STN CSC, University of Victoria, Victoria, BC V8W 3N5.
Bierzychudek, P. 2006. Personal communication. Department of Biology, Lewis and Clark College, Portland, Oregon 97219.
Knurowski, J. 2006. Personal communication. Botanist. Bureau of Land Management, 777 NW Valley Garden Blvd, Roseburg, Oregon 97471. 
Literature Cited
Allen, G. A. 1993. Erythronium. In: Hickman, J.C., ed. The Jepson Manual: Higher Plants of California. University of California Press, Berkeley. Pages 1192-1194.
Allen, G. A. 2001.  Hybrid speciation in Erythronium (Liliaceae): a new allotetraploid species from Washington state. Systematic Botany 26 (2) 263-272.
http://www.bioone.org/perlserv/?request=get-archive&issn=0363-6445 (9 January 2009)
Allen, G.A.; Robertson, K.R. 2003. Erythronium. In: Morin, N.R., ed. Flora of North America North of Mexico. Oxford University Press. New York. Vol. 26, pp153-164. http://www.efloras.org/florataxon.aspx?flora_id=1&taxon_id=112169 (9 January 2009)
Allen, G.A.; Soltis, D.E.; Soltis, P.S. 2003. Phylogeny and biogeography of Erythronium (Liliaceae) inferred from chloroplast matK and nuclear rDNA ITS sequences. Systematic Botany 28(3): 512-523. http://www.bioone.org/perlserv/?request=get-archive&issn=0363-6445 (9 January 2009)
Allen, G.A. 2007. Molecular Studies of Erythronium elegans and related species

in western Oregon. Unpublished report. On file with: Bureau of Land Management, Salem District, 1717 Fabry Road SE, Salem, Oregon 97306.
Allen, G.A. 2008. The origins of polyploids in western North American fawn-lilies (Erythronium). Botany 86: 835-845 (formerly Canadian Journal of Botany).
http://pubs.nrc-cnrc.gc.ca/rp-ps/journalDetail.jsp?jcode=cjb&lang=eng (9 January 2009).
Clough, D. 2006. Status report on Erythronium elegans at Triangulation Point. Oregon Department of Forestry, Salem OR. Unpublished report. On file with: Siuslaw National Forest, P.O. Box 400, Waldport Oregon 97394.

Davis, M.B.; Shaw, R.B. 2001. Range shifts and adaptive responses to quaternary climate change. Science Vol. 292 no. 5517, pp 673 – 679.

Eastman, D.C. 1990. Rare and Endangered Plants of Oregon. Beautiful America Publishing Company, Wilsonville, Oregon.
Grabherr, G.; Gottfried, M.; Pauli, H. 1994. Climate effects on mountain plants. Nature 369, 448 (09 June 1994).
Guerrant, E.O.; Karoly, K.; Lorenz, S. 1996. An electrophoretic analysis of genetic diversity in Erythronium elegans at Lost Prairie and Mt. Hebo. Unpublished report. The Berry Botanic Garden, 11505 SW Summerville Ave, Portland, Oregon 97219. On file with: Siuslaw National Forest, P.O. Box 400, Waldport Oregon 97394.

Guerrant, E.O. 1999. Comparative demography of Erythronium elegans in two populations: one thought to be in decline (Lost Prairie) and one presumably healthy (Mt. Hebo). Unpublished report. The Berry Botanic Garden, 11505 SW Summerville Ave, Portland, Oregon 97219. On file with: Siuslaw National Forest, P.O. Box 400, Waldport Oregon 97394.

Hammond, P.C.; McCorkle, D.V.; Penington, G. 1980. Ecological investigation report: Oregon Silverspot Butterfly (Speyeria zerene hippolyta), Mt. Hebo Supplement. Unpublished report. On file with: Siuslaw National Forest, P.O. Box 400, Waldport Oregon 97394.

Hammond, P.C.; Chambers, K.L. 1985. A new species of Erythronium (Liliaceae) from the Coast Range of Oregon. Madrono 32(1): 49-56.

IPCC. 2007: Intergovernmental Panel on Climate Change. Climate Change 2007: Synthesis Report. Contribution of Working Groups I, II and III to the Fourth Assessment. Report of the Intergovernmental Panel on Climate Change [Core Writing Team, Pachauri, R.K and Reisinger, A. (eds.)]. IPCC, Geneva, Switzerland, 104 pp.

Kozloff, E.N. 2005. Plants of Western Oregon, Washington & British Columbia. Timber Press. Portland, Oregon. pp. 411-412.
Mote, P. 2003. Trends in temperature and precipitation in the Pacific Northwest during the Twentieth Century. Northwest Science Vol.77. No.1.
Mote, P.; Parson, E.; Hamlet, A.F.; Keeton, W.S.; Lettermaier, D.; Mantua, N.; Miles, E.L.; Peterson, D.W.; Peterson, D.L.; Slaughter, R.; Snover, A. 2003. Preparing for climatic change: The water, salmon and forests of the Pacific Northwest. Climatic Change 61: 45–88.
Mote, P.; Salathé, E.; Peacock, C. 2005. Scenarios for future climate for the Pacific Northwest. Climate Impacts Group, Box 354235 University of Washington, Seattle, Washington 98195.
Natureserve. 2009. NatureServe Explorer: An Online Encyclopedia of Life. http://www.natureserve.org/ (9 January, 2009).
Noss, Reed F. 2001. Beyond Kyoto: Forest management in a time of rapid climate change. Conservation Biology 15 (3), 578–590.
Oregon Natural Heritage Information Center. 2007. Rare, threatened and endangered species of Oregon. Oregon Natural Heritage Information Center, Oregon State University, Portland, Oregon. 100 pp. http://oregonstate.edu/ornhic/publications.html#2007tebook (9 January, 2009)
Parmesan, C.; Yohe, G. 2003. A globally coherent fingerprint of climate change impacts across natural systems. Nature 421, pp. 37-42 
Raven, A.N. 1994. The impact of herbivory, pollination success and salal removal on the Lost Prairie Erythonium elegans population. Unpublished report. The Berry Botanic Garden, 11505 SW Summerville Ave, Portland, Oregon 97219. On file with: Siuslaw National Forest, P.O. Box 400, Waldport Oregon 97394.

Raven, A.N. 1995. A two-year study on the impact of herbivory, salal and pollination success on the Lost Prairie Erythronium elegans population. Unpublished report. The Berry Botanic Garden, 11505 SW Summerville Ave, Portland, Oregon 97219. On file with: Siuslaw National Forest, P.O. Box 400, Waldport Oregon 97394.
Raven, A.N. 1996. The impact of three years of salal removal on the Lost Prairie Erythronium elegans population. Unpublished report: The Berry Botanic Garden 11505 SW Summerville Ave, Portland, Oregon 97219. On file with: Siuslaw National Forest, P.O. Box 400, Waldport Oregon 97394.
Stewart, I.T.; Cayan, D.R.; Dettinger, M.D. 2004. Changes in snowmelt runoff timing in western North America under a ‘business as usual’ climate change scenario. Climatic Change 62: 217–232.
U.S. Department of Agriculture, Natural Resources Conservation Service [USDA NRCS]. 2006a. SNOTEL database. http://www.or.nrcs.usda.gov/snow/maps/sitepages/23d01s.html. (9 January 2009).
U.S. Department of Agriculture, Natural Resources Conservation Service [USDA NRCS]. 2006b. The PLANTS database. National Plant Data Center, Baton Rouge, LA. http://plants.usda.gov. (9 January 2009).
Western Regional Climate Center. 2009. Ad hoc query of climate data. http://www.wrcc.dri.edu/summary/Climsmor.html  (10 April 2009).
APPENDIX: Associated species at Mt. Hebo sites
Table 2. Associated Species For Mt. Hebo Forest Habitat.

	Trees

	Abies procera Rehder
	noble fir

	Picea abies (L.) Karst.
	Norway spruce

	Picea sitchensis (Bong.) Carr.
	Sitka spruce

	Pseudotsuga menziesii (Mirbel) Franco var. menziesii
	Douglas-fir

	Thuja plicata Donn.
	western red cedar

	Tsuga heterophylla (Raf.) Sarg.
	western hemlock

	Shrubs

	Acer circinatum Pursh
	vine maple

	Mahonia nervosa (Pursh) Nutt.
	Oregon grape

	Gaultheria shallon Pursh
	salal

	Menziesia ferruginea Sm.
	fool’s huckleberry

	Rhododendron macrophyllum D. Don ex G. Don
	Pacific rhododendron

	Ribes laxiflorum Pursh
	trailing black currant 

	Rubus spectabilis Pursh
	salmonberry

	Sorbus sitchensis M. Roemer
	mountain-ash

	Vaccinium alaskaense T.J. Howell
	Alaska huckleberry

	Forbs

	Achlys triphylla (Sm.) DC..
	vanilla leaf

	Anaphalis margaritacea (L.) Benth.
	pearly everlasting

	Anemone deltoidea Hook.
	Columbia windflower

	Anemone oregana Gray var. oregana
	Oregon anemone

	Circium sp.
	thistle

	Clintonia uniflora (Menzies ex J.A. & J.H. Schultes) Kunth
	queen cup bead lily

	Coptis laciniata Gray
	goldthread

	Hieracium albiflorum Hook.
	white hawkweed

	Maianthemum dilatatum (Wood) A. Nels. & J.F. Macbr.
	false lily of the valley

	Maianthemum stellatum (L.) Link
	starry false Solomon’s-seal

	Osmorhiza berteroi DC.
	sweet cicely

	Oxalis oregana Nutt.
	cat’s-ear

	Rubus pedatus Sm.
	strawberry-leaf raspberry

	Stachys mexicana Benth.
	Mexican hedgenettle

	Trillium ovatum Pursh ssp. ovatum
	trillium

	Viola glabella Nutt.
	stream violet

	Viola sempervirens Greene 
	evergreen violet

	Graminoids

	Bromus vulgaris (Hook.) Shear.
	Columbia brome

	Elymus glaucus Buckl.
	blue wildrye

	Festuca subuliflora Scribn..
	Coast Range fescue

	Luzula multiflora (Ehrh.) Lej. ssp. multiflora var. multiflora
	common woodrush

	Ferns and Allies

	Blechnum spicant (L.) Sm.
	deer fern

	Polystichum munitum (Kaulfuss) K. Presl
	sword fern


	Bryophytes

	Dicranum fuscescens Turn.
	

	Douinia ovata (Dicks.) H. Buch
	

	Eurhynchium oreganum (Sull.) Jaeg.
	

	Hylocomium splendens (Hedw.) Schimp. in B.S.G.
	

	Hypnum circinale Hook.
	

	Marsupella emarginata (Ehrh.) Dumort.
	

	Polytrichastrum alpinum (Hedw.) G. L. Sm.
	

	Racomitrium varium (Mitt.) Jaeg.
	

	Scapania americana Müll. Frib.
	

	Scapania bolanderi Austin
	

	Lichens

	Peltigera neopolydactyla (Gyelnik) Gyelnik
	


Table 3. Associated Species For Mt. Hebo Meadow Habitat.

	Trees

	Pseudotsuga menziesii (Mirbel) Franco var. menziesii
	Douglas-fir

	Shrubs

	Amelanchier alnifolia (Nutt.) Nutt. ex M. Roemer var. semiintegrifolia (Hook.) C.L. Hitchc
	serviceberry

	Gaultheria shallon Pursh
	salal

	Rubus parviflorus Nutt.
	thimbleberry

	Rubus ursinus Cham. & Schlecht. ssp. macropetalus (Dougl. ex Hook.) Taylor & MacBryde
	Pacific blackberry

	Sorbus sitchensis M.Roem.
	mountain ash

	Vaccinium alaskaense T.J. Howell
	Alaska huckleberry

	Forbs

	Achillea millefolium L.
	yarrow

	Anaphalis margaritacea (L.) Benth.
	pearly everlasting

	Camassia quamash (Pursh) Greene
	camas

	Fragaria virginiana Duchesne ssp. platypetala (Rydb.) Staudt
	broadpetal strawberry

	Hypochaeris radicata L
	cat’s-ear

	Iris tenax Dougl. ex Lindl. ssp. tenax
	Oregon iris

	Plantago lanceolata L.
	English plantain

	Lupinus sp.
	lupine

	Prunella vulgaris L.
	selfheal

	Spiranthes romanzoffiana Cham.
	hooded lady’s tresses

	Viola adunca Sm. var. adunca
	early blue violet

	Viola glabella Nutt.
	pioneer violet

	Graminoids

	Agrostis pallens Trin.
	seashore bentgrass

	Anthoxanthum odoratum L.
	sweet vernalgrass

	Carex californica Bailey
	California sedge

	Holcus lanatus L.
	velvet grass

	Luzula multiflora (Ehrh.) Lej. ssp. multiflora var. multiflora
	common woodrush

	Ferns and Allies

	Lycopodium sitchense Rupr
	Alaska clubmoss

	Lycopodium clavatum L.
	ground pine

	Polystichum munitum (Kaulfuss) K. Presl
	sword fern

	Pteridium aquilinum (L.) Kuhn
	bracken fern


Table 4. Associated Species For Mt. Hebo Non-Forest Ridges and Cliff Habitat.

	Trees

	Pseudotsuga menziesii (Mirbel) Franco var. menziesii
	Douglas-fir

	Shrubs

	Amelanchier alnifolia (Nutt.) Nutt. ex M. Roemer var. semiintegrifolia (Hook.) C.L. Hitchc
	serviceberry

	Gaultheria shallon Pursh
	salal

	Penstemon cardwellii T.J. Howell
	Cardwell’s penstemon

	Ribes laxiflorum Pursh
	trailing black currant 

	Vaccinium alaskaense T.J. Howell
	Alaska huckleberry

	Forbs

	Achillea millefolium L.
	yarrow

	Aruncus dioicus (Walt.) Fern. var. acuminatus (Rydb.) Rydb. ex Hara
	goat’s beard

	Camassia quamash (Pursh) Greene
	camas

	Castilleja hispida Benth.
	harsh paintbrush

	Chamerion angustifolium (L.) Holub ssp. circumvagum (Mosquin) Hoch
	fireweed

	Claytonia sibirica L. var. sibirica
	miner’s lettuce

	Dicentra formosa (Haw.) Walp.
	Pacific bleeding heart

	Erythronium grandiflorum Pursh ssp. grandiflorum
	yellow fawn lily

	Fragaria virginiana Duchesne ssp. platypetala (Rydb.) Staudt
	broadleaf strawberry

	Heuchera chlorantha Piper
	tall alumroot

	Hypochaeris radicata L
	cat’s-ear

	Lilium columbianum Leichtl. in Duchartre
	Columbia lily

	Lupinus sp.
	lupine

	Plantago lanceolata L.
	English plantain

	Rumex acetosella L
	common sheep sorrel

	Saxifraga ferruginea Graham
	russet-hair saxifrage

	Graminoids

	Anthoxanthum odoratum L.
	sweet vernalgrass

	Carex californica Bailey
	California sedge

	Elymus glaucus Buckl.
	blue wildrye

	Luzula multiflora (Ehrh.) Lej. ssp. multiflora var. multiflora
	common woodrush

	Ferns and Allies

	Cryptogramma acrostichoides R. Br.
	American rockbrake

	Polystichum munitum (Kaulfuss) K. Presl
	sword fern

	Bryophytes

	Antitrichia curtipendula (Hedw.) Brid.
	

	Dicranum fuscescens Turn.
	

	Marsupella emarginata (Ehrh.) Dumort.
	

	Pogonatum urnigerum (Hedw.) P. Beauv.
	

	Polytrichum formosum Hedw.
	

	Racomitrium elongatum Ehrh. ex Frisv.
	

	Racomitrium heterostichum (Hedw.) Brid.
	

	Racomitrium lanuginosum (Hedw.) Brid.
	

	Rhytidiadelphus loreus (Hedw.) Warnst.
	

	Rhytidiadelphus triquetrus (Hedw.) Warnst.
	

	Rhytidiopsis robusta (Hook.) Broth.
	

	Scapania bolanderi Austin
	

	Lichens

	Leptogium corniculatum (Hoffm.) Minks
	

	Peltigera britannica (Gyelnik) Holt.-Hartw. & Tonsb.
	

	Pilophorus acicularis (Ach.) Th. Fr.
	

	Pilophorus clavatus Th. Fr.
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