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DISCLAIMER
This Conservation Strategy was prepared to compile published and unpublished information on Sisyrinchium sarmentosum (pale blue-eyed grass).  Although the best scientific information available was used and subject experts were consulted in preparation of this document, it is expected that new information will arise. If you have information that will assist in conserving this species or questions concerning this Conservation Strategy, please contact the interagency Conservation Planning Coordinator for Region 6 of the U.S. Forest Service, and the Oregon/Washington Bureau of Land Management (BLM OR/WA).  
EXECUTIVE SUMMARY

A. Species and Taxonomic Group
Sisyrinchium sarmentosum was first described in 1895 from South Prairie, Gifford Pinchot National Forest (Suksdorf ex. Greene 1895).  S. sarmentosum (pale blue-eyed grass or mountain pale blue-eyed grass) is a small member of the Iridaceae family, and distinguished from other members of the genus Sisyrinchium by small, pale blue flowers with non-emarginate perianth segments, distinctive hyaline margin of the inner bract, and generally small habit (Henderson 1972, 1976).  

B. Management Status
S. sarmentosum is a Forest Service Region 6 and a Bureau of Land Management Sensitive Species in both Oregon and Washington.  The U.S. Fish and Wildlife Service (USFWS, also referred to as the Service) has identified S. sarmentosum as a Species of Concern (see Glossary); in addition, on August 18th, 2009, the Service announced a 90-day finding on a petition to list S. sarmentosum as threatened or endangered under the Endangered Species Act of 1973, as amended (Federal Register 74(158) pp. 41650-41663).  This finding determined that “…the petition presents substantial information to indicate that listing of this species may be warranted …”. The Service has initiated a further one year review to make a final determination on the status of this species. 

C. Range and Habitat
S. sarmentosum is a narrow endemic known from south-central Washington (Skamania and Klickitat Counties), central Washington (Yakima County), and north-central Oregon (Clackamas and Marion Counties).  There are twenty-four documented occurrences of S. sarmentosum, worldwide.  Habitat for S. sarmentosum consists of open meadow or meadow-like environments that are seasonally wet.  

D. Threats
The majority of S. sarmentosum populations and individuals occur on national forest land on Gifford Pinchot and Mt. Hood National Forests.  Of fifteen Washington occurrences, nine are located on Gifford Pinchot National Forest, and two on the Okanogan-Wenatchee National Forest, while all nine of the Oregon occurrences are on Mt. Hood National Forest.  Only five occurrences across the species’ range are considered to be self-sustaining (Raven 2003a)*.   In addition, as of 2006 Raven estimated that approximately 80% of all known individuals were concentrated at two sites, and between 82 - 90% of all individuals were found within a single grazing allotment on the Gifford Pinchot National Forest (Raven 2006a).  Based on population size estimates from sources including Washington Natural Heritage Program (WNHP 2008),  Oregon Natural Heritage Information Center (ORNHIC 2010), Raven (2003a), and Gamon (1991), at least 3 occurrences appear to be in decline.  At least seven additional occurrences may be in decline due to hybridization, most involving hybridization of S. sarmentosum with S. idahoense, a closely related, more common species (Raven 2003a, Raven 2006a).  Many sites are presently subject to ongoing, recognized threats, including habitat loss and fragmentation, livestock grazing, woody plant succession, encroachment of invasive plants, motor vehicle and recreation impacts to sites, routine road maintenance, and treatment of adjacent invasive species. 
* The occurrences on the Okanogan-Wenatchee National Forest, and the unconfirmed occurrence on Mt. Hood National Forest (Palomar), have not been evaluated for sustainability.  

E. Conservation
There are a low number of currently recognized S. sarmentosum sites across this species’ range (24 confirmed); many sites are small, and unlikely to be self-sustaining (Raven 2003a), and many are subject to ongoing, recognized threats.  These facts combine to emphasize that this species is extremely vulnerable to extinction.  The conservation objective for S. sarmentosum is to maintain or increase the numbers, genetic diversity, and distribution of individuals and occurrences throughout the range of the species.  This will be accomplished by implementing appropriate conservation measures for all occurrences known on public lands.  The following activities have been identified as conservation measures available to address some of the human-caused or human-controllable threats to the species on public lands:  ensure that plants are able to set and release seeds on a regular basis by limiting/restricting livestock grazing in occupied habitat; control invasive species in or adjacent to occupied habitat in a manner that limits impacts to S. sarmentosum, and utilizes an adaptive management strategy that monitors and updates treatment activities to maximize their efficacy; prevent impactful camping, recreation, and motor vehicle access within occupied and suitable habitat;  maintain hydrological regimes in occupied habitat; schedule road maintenance activities to minimize impacts to roadside occurrences of the species; work towards increasing understanding of the threat posed by hybridization to S. sarmentosum, by exploring the extent, trends, and causes; conserve genetic resources, and increase opportunities for restoration through seed banking; work across administrative boundaries to conserve S. sarmentosum; and maximize the capacity of occurrences to meet the challenges of climate change (i.e., maintain or increase resiliency of occurrences).  In addition, habitat restoration projects that maintain the open condition of the species’ habitat are desirable.  In unoccupied suitable habitat that is judged to have a high potential for hosting the species based on proximity to current or historic occurrences or inferred habitat (potential habitat), project planning should include consideration of the potential impacts of projects on the suitability of the habitat. 

F. Inventory, Monitoring, and Research
Sisyrinchium sarmentosum is a small, cryptic species, and may be easily overlooked, a   circumstance that may have led to under-detection of this species. In addition, the wide range of morphological variability within the closely related but more common congeneric species S. idahoense may have led to underdetection of S. sarmentosum.  For these reasons, there is a need to inventory suspected habitat.  Monitoring will be necessary to better understand the current status, trends, and restoration needs of S. sarmentosum occurrences.  In addition, data gathered through monitoring will drive the adaptive management process.  Three types of monitoring will be conducted as a part of this Conservation Strategy:  (a) ecological status monitoring will be used to determine trend by tracking numbers of individuals in occurrences over time, and is needed in order to allow quick reaction to perceived threats; (b) implementation monitoring will be used to determine if planned management activities were accomplished; and (c) effectiveness monitoring will be used to assess whether management activities achieved stated objectives.  Other types of monitoring may be used in conjunction with research as needed.  Research is needed regarding the extent, trends, and rates of hybridization between S. sarmentosum and S. idahoense, and population trends of the species, including information on plant longevity, clone sizes, seed germination requirements, dispersal mechanisms, and rates of seedling establishment and survival.  Seed collection and development of germination and propagation techniques are recommended to ensure a successful ex situ conservation program in the event that it becomes necessary to ensure survival of the species.  

G. Adaptive Management
 The duration of this Conservation Strategy will be ten years from the date it is signed; at that time it will be updated and renewed as needed.  Reviews of the Conservation Strategy will be conducted every five years.  Substantial new information, such as a range extension, catastrophic disturbance, change in management direction, or new scientific findings relating to the species, will trigger Conservation Strategy revision.  Any new occurrences discovered on lands included in this strategy will be conserved under the guidelines of this strategy.  Conservation Strategy reviews and updates will be conducted with participation from field unit staff, Forest Supervisors, Regional Office Program Leads, Interagency Special Status/Sensitive Species Program staff, and the USFWS.
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I.  INTRODUCTION 

A.  Goal
This Conservation Strategy reviews available information on Sisyrinchium sarmentosum, establishes conservation objectives for the species, and describes the management actions necessary to accomplish those objectives.  The ultimate goal of this Conservation Strategy is to eliminate the need to list S. sarmentosum as Threatened or Endangered under the Endangered Species Act by ensuring a high likelihood of well-distributed populations of the species across its range on federal lands administered by Gifford Pinchot, Mt. Hood, and Okanogan-Wenatchee National Forests.  In general, all management actions outlined in this document are consistent with resource management plans on the public lands covered by this document, except for some management actions proposed in Late-Successional Reserves (LSRs).  In those cases, specific LSR plans may need to be amended, or exemptions from LSR management may be necessary to accomplish some of the tasks identified herein. 

B.  Scope 
The geographic scope of this assessment includes consideration of the known range of this species in Klickitat, Skamania, and Yakima Counties, Washington, and Clackamas and Marion Counties, Oregon.  Emphasis in this Conservation Strategy is on occurrences found on federal lands; however, knowledge about the species compiled from non-federal lands is included as it is relevant to the overall conservation of the species.  This strategy summarizes existing knowledge of this relatively well-studied species. A great deal of new information has been gathered regarding this species during the last decade, especially with respect to population genetics, extent of hybridization with the closely related, more common S. idahoense, and impacts of domestic livestock grazing.  Also, currently recognized or suspected threats are summarized in this strategy, which may change with time.  We expect information updates will be necessary to keep this strategy current.  Uncertainty and inference are acknowledged where appropriate. 

C.  Management Status 
Sisyrinchium sarmentosum is a Forest Service Region 6 Sensitive Species and a Bureau of Land Management Bureau Sensitive Species in both Oregon and Washington (Interagency Special Status/Sensitive Species Program 2008).  The Washington Natural Heritage Program ranks S.  sarmentosum as “imperiled” in Washington State, with a rank of S1S2 (WNHP 2009), and the Oregon Natural Heritage Information Center ranks the species “critically imperiled” in Oregon, with a rank of S1 (ORNHIC 2010).  The Oregon Department of Agriculture lists the species as a candidate for listing by the State of Oregon (ORNHIC 2010).  In Oregon, the species is Heritage list rank 1, indicating that the species is threatened with extinction throughout its entire range.  The species is globally ranked by NatureServe (2005) as G1G2, which indicates that the species is considered globally critically imperiled to imperiled. The U.S. Fish and Wildlife Service (USFWS, also referred to as the Service) has identified S. sarmentosum as a Species of Concern (see Glossary); in addition, on August 18th, 2009, the Service announced a 90-day finding on a petition to list S. sarmentosum as threatened or endangered under the Endangered Species Act of 1973, as amended.  The finding consisted of a determination that the “petition presents substantial information to indicate that listing of this species may be warranted due to the present or threatened destruction, modification, or curtailment of its habitat or range resulting from development, livestock trampling, plant succession, and possibly ORV use; and due to other natural or manmade factors affecting its continued existence resulting from genetic reduction, drought, and effects of climate change.”   The Service is now conducting a one year review to determine the final status of this species. 

For lands administered by the OR/WA BLM, Special Status Species policy details the need to manage for species conservation. For Forest Service 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 habitat distributed throughout their geographic range on National Forest System lands.  For any identified Sensitive Species, management “must not result in a loss of species viability or create significant trends toward federal listing” (FSM 2670.32).  

[bookmark: _Toc75765203][bookmark: _Toc87252639]II.  CLASSIFICATION AND DESCRIPTION
[bookmark: _Toc75765204][bookmark: _Toc87252640][bookmark: _Toc95801488][bookmark: _Toc122764864][bookmark: _Toc122923577]A.   Systematics and Synonymy
Linnaeus established the genus Sisyrinchium in 1753.  Sisyrinchium sarmentosum was first collected and described by Wilhelm Suksdorf in 1893, and the description was published by Greene in 1895 (Greene 1895, Suksdorf 1901; commonly cited as Suksdorf ex. Greene 1895). Sisyrinchium angustifolium is listed as a synonym in Hitchcock and Cronquist (1973); Henderson refined and clarified species concepts within the Pacific Northwestern members of this genus in 1976, which negated this synonymy (Henderson 1976).  The name Sisyrinchium may be derived from the Greek words sys (pig) and rhynchos (nose), apparently referring to the habit of pigs grubbing the roots (Wikipedia).  Hitchcock and Cronquist (1973) give a different explanation for the generic name, writing that “Sisyrinchium” refers to an iris-like plant, as used by Theophrastus.  The specific epithet “sarmentosum” refers to the presence of long slender rhizomes according to the definition of “sarmentose” taken from the book Plant Identification Terminology: An Illustrated Glossary (Harris and Harris 1994).   

Kingdom: 	Plantae (Plants)
Division: 	Magnoliophyta (Angiosperms)
Class:		Liliopsida (Monocotyledons)
Order:		Liliales (Lilies)
Family: 	Iridaceae (Irises)
Genus:		Sisyrinchium 
Species:	sarmentosum
[bookmark: _Toc87252641][bookmark: _Toc122764865]B.   Species Description 
1. Morphology
Sisyrinchium sarmentosum (pale blue-eyed grass or mountain pale blue-eyed grass) is a small member of the Iridaceae family.  Plants typically grow to 30 cm (12 inches) tall, and are distinguished from other members of the genus Sisyrinchium by small, pale blue flowers with non-emarginate perianth segments, distinctive hyaline margin of the inner bract, and generally small habit (Henderson 1972, 1976).  More precisely, this species is a caespitose perennial herb, with medium to glaucous green leaves, 1.5-3.5 mm wide, that may be lax to erect and are most often shorter, but occasionally longer, than the flowering stems.  Leaf margins are most often smooth (but occasionally sparsely, finely toothed), and leaves taper to an acute apex that may be recurved.  This plant produces numerous slender, dark brown roots (rhizomes).  Although Suksdorf recorded that this species roots at the nodes (New York Botanical Garden 2005 - Suksdorf isotype collection 2233), Henderson (1976) concluded that there is no scientific evidence to support this assertion.  Flowering stems are most often simple, but occasionally branched, erect to ascending, the margins entire or occasionally with widely spaced, fine teeth.  The spathe is most often terminal on the stem, with spathe bracts unequal in length; the inner bract is 20-30 mm long, with a broad hyaline inner margin, narrowing only slightly toward the bract tip, while the longer, outer bract is 27 – 48 mm long, tapering to an acute apex, with a thin hyaline margin on the inner side. The outer bract is connate at the base for 4-5 (6) mm. Two to seven light blue flowers with a yellow eye are produced on pedicels that are approximately the same length as the inner spathe bract.  Tepals are 11-14 mm long, oblanceolate, rounded, apiculate to aristulate but never emarginate.  Capsules are typically 4-5 mm long (may be 2-6 mm), subglobose to globose in shape, with 18-37 seeds per capsule, each 1-1.5 mm in diameter, dark brown, angled, and coarsely reticulate (Henderson 1976).    The length/width ratio of the outer tepals is considered an important taxonomic character in Sisyrinchium by Henderson (1976); S. sarmentosum has a ratio of ~ 3.0, whereas other taxa within the Pacific Northwest have ratios of 2.0-2.6 or greater than 3.0.  Taxonomic terminology follows Hitchcock and Cronquist (1973).  

During his biosystematic study of Pacific Northwest Sisyrinchium, Henderson (1976) conducted a common garden study and observed the phenology of Sisyrinchium species grown in a controlled environment over a five-year period.  He found that plants in the common garden remained “nearly identical” to their natural counterparts, with one exception.  In the common garden, plants that normally inhabit soils of high pH formed somewhat wider and less glaucous stems, and grew more vigorously than those in natural habitat conditions, showing characteristics more similar to plants common to montane meadow soils of neutral pH.  

Recognizing the phenotypic plasticity of some members of the genus Sisyrinchium, Cholewa and Henderson, in Flora of North America (2002), state: “Accurate identification [at the species level] requires examining more than one individual in order to discount uncommon or atypical character states.”

III.  BIOLOGY AND ECOLOGY

A.  Life History and Reproductive Biology 
Sisyrinchium sarmentosum reproduces through seed production (sexual) and through rhizomatous sprouting (asexual).  S. sarmentosum is a duodecaploid species (n=48) which Henderson thought was likely to have originated within the S. idahoense complex (Henderson 1976). Karst (2003a), however, reports that preliminary cDNA sequence analysis indicates S. sarmentosum is more closely related to eastern North American Sisyrinchium species than to S. idahoense, suggesting that S. sarmentosum may be refugial from an earlier migration of Sisyrinchium into the Pacific Northwest. The overall genetic variability of S. sarmentosum appears to be low; variability is lower than in other endemic species in general (Wilson et al. 2000).  Wilson et al. (2000) hypothesize that the species has recently gone through a genetic bottleneck, perhaps during its origin as a species.  Alternative hypotheses that could account for the species’ low level of genetic diversity include low population sizes for several generations, and/or many generations of self-pollination (Wilson et al. 2000).  Genetic analysis of S. sarmentosum occurrences using RAPD (Random Amplification of Polymorphic DNA) techniques showed that, across the species’ range, occurrences are clustered into three main groups (each occurrence is genetically distinct from the other two occurrences), with two separate regions in Oregon and a single region in Washington (Karst 2003a).  This study revealed that genetic variability is greatest between occurrences; the greatest genetic differences within the species were seen between the grouped Oregon and Washington occurrences (Karst 2003a).  South Prairie, in Washington State, was found to be the most genetically variable occurrence of all those tested, while Cayuse Meadow, in Washington State, was found to be the most genetically unique (Karst 2003a).   A 2005-2006 study exploring whether hybridization is occurring between S. sarmentosum and S. idahoense was inconclusive, but confirmed that each of the four S. sarmentosum occurrences included in the study (Peterson Prairie, South Prairie, Little White Salmon, and Little Crater Meadow) were genetically unique (Raven 2007). Note that the occurrences from the Okanogan-Wenatchee were not included in any of the cited genetic analyses.  

Long-distance gene flow in this species (gene migration) appears to be very limited (Wilson et al. 2000, Karst 2003a).  S. sarmentosum may hybridize with other duodecaploid members of this genus, including S. idahoense (Henderson 1976). S. idahoense is usually octoploid, but some populations are duodecaploid (Henderson 1976). Successful hybrids occur only when pollen from duodecaploid plants are used on octoploid or duodecaploid plants (Wilson et al. 2000, Henderson 1976).  S. sarmentosum appears to be hybridizing with S. idahoense in the wild (Raven, pers. comm. 2003; Karst 2003a); conducting artificial hybridization experiments, Henderson (1976) found that hybridization between duodecaploid members of S. idahoense and S. sarmentosum produced hybrids with 32-63% fertility.  Karst (2003a) performed a UPGMA (Unweighted Pair Group Means Analysis) of her RAPDs data, which showed that Oregon and Washington plants that exhibited morphological characteristics intermediate between these two species (suggesting that they were hybrids) grouped together, genetically distinct from both Oregon and Washington S. sarmentosum occurrences.  In controlled experiments, the species is also highly self-compatible (selfing) and resulting offspring show normal meiosis (Henderson 1976); however, no research has been completed to show whether selfing actually occurs in the wild.  

According to Henderson (1976), the flowers of many northwestern blue-eyed grasses are protandrous (meaning that the male parts of the flower mature before the female parts), a state that promotes outcrossing and reduces the chances for self-pollination in self-compatible plants.  
The duodecaploid species (including S. sarmentosum) tend to be highly self-compatible.   Henderson observed that the anthers and stigmas often mature at nearly the same time in these plants, without much style elongation, which he felt implied that self-pollination in natural populations might be important in the absence of insects as pollinators.  Raven (pers. comm. 2006) observed style exsertion in most plants examined during her study, noting that anthers and stigmas often matured at the same, or close to the same, time.  Raven’s observations do not necessarily contradict Henderson’s, as determining the level of style elongation is somewhat subjective and may be relative, meaning that Henderson might have observed that elongation in S. sarmentosum was limited compared to more dramatic elongation in other Sisyrinchium species. 

Outcrossed offspring are presumed to be more variable genetically than the progeny of self-fertilizations.  Selfing leading to homozygosity may cause inbreeding depression, likely primarily due to the expression of deleterious recessive alleles (Huenneke 1991).  Heterozygosity resulting from outcrossing avoids inbreeding depression, and may result in heterosis (hybrid vigor), often associated with higher growth rates and survivorship (Levin 1983, Ledig 1986 b, as cited in Huenneke 1991).  According to Mitton and Grant 1984 (as cited in Huenneke 1991), heterozygosity can confer a superior ability for plants to deal with fluctuating environments.  In addition, Case and Taper 1986 (as cited in Huenneke 1991) found that intense resource competition favors sexually produced (genetically variable) offspring.    Although selfed progeny often have decreased survivorship in species that normally outcross, in taxa where selfing is frequent, the results vary (Huenneke 1991). Given that S. sarmentosum appears to self readily, and the fact that it often reproduces asexually, it may not suffer from inbreeding depression (possibly because the deleterious recessive alleles have been purged over time through repeated selfing).  But, it could also be true that selfed seed do have less survivorship, but the species compensates through asexual reproduction.  Without a specifically designed study to assess these issues, there is no way to know (Bower, pers. comm. 2010).  

Henderson (1976) reported that cross-pollination in natural populations is carried out by solitary bees of the Megachilidae family.  Karst (2003a) observed bees in the family Adrenidae visiting S. sarmentosum flowers during the early afternoon, before flower tepals had completely opened.  In addition, she observed that anthers dehisce while tepals are still tightly closed.  Adrenid bees are probably unable to transport pollen more than five miles or so (Karst, pers. comm. 2003c).  Raven (2006a) observed several unidentified pollinators visiting fully opened flowers, and did not observe mature anthers on closed flowers.  Flower opening is influenced by weather (on very overcast days, flowers may remain closed), and pollinator dynamics are also likely to be influenced by weather.  Further field work is needed to investigate Sisyrinchium pollinators.

The timing of flowering for this species appears to largely depend on elevation and seasonal weather patterns.  Plants at lower elevations may begin flowering in early June during warm years, and produce mature capsules by mid July, while those at higher elevations are not likely to begin flowering until mid to late July, with capsules maturing around mid-August during warm years, or later during cool years (e.g., Cayuse Meadow and Little Mosquito Lake capsules matured during September in 2004) (Gamon 1991; Raven, pers. comm. 2004; Ruchty, pers. obs. 2004).  

The mechanisms for seed dispersal of this plant are uncertain.  There has been speculation that large ungulates (including domestic livestock, elk, and deer) may act as seed dispersers for this species by ingesting seeds and depositing them in manure. (Note:  such a dispersal mechanism would require that ingestion of the seeds occur when seeds had matured and ripened to the point of being viable, implying mid- to late-season grazing, rather than early-season grazing - see Raven 2003a).  There are no anecdotal or scientific observations to support or refute this speculation.  There has also been speculation that seeds may be distributed by water (i.e., along stream channels, during flooding, etc.).  If true, this would suggest that stream channels may form dispersal corridors for this species. Again there is no evidence to support or refute this speculation.  It is unknown how long seeds of this species remain viable in the soil.  

The lifespan of S. sarmentosum plants may be on the scale of multiple decades (Raven 2003b).  Within the growing season, plant emergence, flower production, and seed development generally occur from June through September.  Raven (2003a) reports that, during monitoring of individual plants over a period of five years, eight plants were present in one study year, apparently missing in a later year, and then present again in one of the next two years.  She suggests that this may indicate that plants can experience dormancy under certain conditions. 

Researchers at the Center for the Reproduction of Endangered Wildlife at the Cincinnati Zoo and Botanical Garden developed germination and propagation protocols for S. sarmentosum, including tissue-culture methods.  A germination trial at The Berry Botanic Garden in 1998 resulted in 60% germination when seeds were subjected to 8 weeks of cold-stratification followed by alternating 50°F/68°F (10°/20°C) temperatures. Forty percent of the seeds germinated when cold-stratified and subjected to constant 68°C (20°C) temperatures. No seeds germinated when seeds were placed directly in a 20°C germination chamber, but 40% of the seeds germinated when subjected to only alternating 10°C/20°C temperatures. These results suggest that seeds must be exposed to cold temperatures (i.e., at least 50°F [10°C]) for germination to occur (Berry Botanic Garden file, as cited by Center for Plant Conservation website 2005).

B.  Range, Distribution, and Abundance
Sisyrinchium sarmentosum is a narrow endemic known from south-central and central Washington (Klickitat, Skamania, and Yakima Counties) and north-central Oregon (Clackamas and Marion Counties).  The majority of S. sarmentosum occurrences and individuals occur on national forest land on Gifford Pinchot and Mt. Hood National Forests.  Previous reports that this species is found in British Columbia and North Dakota are not supported by recent botanical literature, including the Flora of North America (2003) and the Illustrated Flora of British Columbia (Douglas et al. 2001).  

According to the Washington Natural Heritage Program (WNHP 2008) and Oregon Natural Heritage Information Center (ORNHIC 2010) databases and new data from the Gifford Pinchot and Mt. Hood National Forests, there are twenty-four confirmed, documented occurrences of S. sarmentosum worldwide; fifteen of these occurrences are in Washington and nine are in Oregon (Table 1).  Of the Washington occurrences, nine are located on the Gifford Pinchot National Forest; of these, one is now recognized as a likely misidentification (Pine Tree Springs) and one (Little Mosquito Lake) appears to be in decline (Raven 2003b).  In addition, the Bergen Road occurrence (on private land) appears to be a misidentification or to consist of primarily hybrid plants (Raven, pers. comm. 2006).  Also, based on 2005 field data, the Little White Salmon occurrence on the Gifford Pinchot National Forest appears to consist of most, if not all, hybrid plants (Raven 2006a).  The research study titled “An Exploration of Possible Hybridization between Pale Blue-Eyed Grass and Idaho Blue-Eyed Grass in Washington and Oregon” (Raven 2007) attempted to confirm/refute whether hybridization (which is suspected to occur at multiple sites) is indeed occurring, and, if so, in which populations.  The results of genetic analysis in this study were inconclusive. Both occurrences of S. sarmentosum on the Okanogan-Wenatchee National Forest were confirmed as this species by Henderson (Henderson 1994).  Of the nine occurrences in Oregon, all are located on Mt. Hood National Forest.  According to Raven (2004), the Collawash River occurrence (Element Occurrence [EO] 2) appears to be composed primarily of hybrid plants, and it is likely that EO 3 is also hybridized.  Throughout the range of the species, many occurrences are too small to be considered self-sustaining; according to Raven (2003b), only five occurrences likely have the potential to be self-sustaining*, three on Gifford Pinchot National Forest (South Prairie, Cave Creek and Peterson Prairie), and two on Mt. Hood National Forest (Little Crater Meadow and Lower Lake).  Of these occurrences, only three are comparatively large (several thousand individuals), all of which are located on Gifford Pinchot National Forest within the Ice Caves Grazing Allotment:  South Prairie, Cave Creek, and Peterson Prairie.  In addition, as of 2006 Raven estimated that approximately 80% of all known individuals were concentrated at two sites, and between 82 - 90% of all individuals were found within a single grazing allotment on the Gifford Pinchot National Forest (Raven 2006a).   Despite the concentration of the majority of individuals of this species within a few occurrences, widely distributed small occurrences comprised of relatively small numbers of individuals potentially store genetic variability that may be important to the long-term survival of the species as a whole.   Note:  quantification of individuals in a clonal species is difficult; what appear to be multiple individual plants (ramets) may actually comprise a genetically identical clone (genet).  Quantification of individual plant numbers as reported in this section is based on the treatment of a set of individual leaf bases (envision the base of an iris, where the flat leaves come together at ground level) at least the distance of an American quarter’s diameter from each other as a single individual or plant, according to the “quarter rule” developed by Andrea Raven (Raven 2000, 2003a) (see individual plant glossary definition).   In her studies on the Gifford Pinchot National Forest, and during inventory and monitoring performed on private and public lands, Andrea Raven utilized this rule in order to foster consistency between observers:  If a set of leaf bases was greater than a quarter’s distance away from another set of leaf bases, then these leaf bases were considered multiple individual plants.  On the other hand, clumps of closely associated leaf bases (less than a quarter’s diameter away from each other) were considered to be the same plant.  This rule created a consistent methodology for quantification of a clonal plant species, and an interpretation of the scope of a ramet in this species.   
* Determinations of whether occurrences are likely to be self-sustaining were made by Andrea Raven (Raven 2003b), then Conservation Biologist at The Berry Botanic Garden; her determinations were a qualitative assessment of sustainability based on plant numbers and distribution, habitat, and threats to the occurrence.  Okanogan-Wenatchee National Forest sites and the unconfirmed Palomar site on the Mt. Hood National Forest were not evaluated.  



	
TABLE 1:  Element Occurrence by Administrator, Land Allocation, State, and County with Estimated Number of Plants, Occurrence Trends and Evidence of Hybridization Indicated


	EO # 1
	EO Name
	Administrator2
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]LUA3
	State
	County
	Estimated # Plants4
	Occurrence Trend5
	Hybridization6

	9
	South Prairie
	GIP
	AWA
	WA
	Skamania
	24000-27000 (BBG 2000)
	U
	N?

	10
	Little Mosquito Lake
	GIP
	M
	WA
	Skamania
	50-150 (BBG 2000)
	D
	N

	12
	Cave Creek
	GIP
	AWA
	WA
	Skamania
	7500-10000 (BBG 2000)
	S or I
	Y

	18
	Little White Salmon
	GIP
	M
	WA
	Skamania
	500-1000 (BBG, L. Karst 2000)
	U
	Y

	19
	Peterson Prairie
	GIP
	MLSA
	WA
	Skamania
	1400 (BBG, L. Karst 2000)
	U
	Y

	20
	Cayuse Meadow
	GIP
	M
	WA
	Skamania
	100 (J. Scott, A. Raven 2004) – 200 (M. Stein, S. Churchill 1988)
	U
	N

	23
	Pine Tree Springs/ Aiken Lava Bed
	GIP
	LSR
	WA
	Yakima
	0 (BBG 2000)
	--
	--

	25
	Falls Creek Horse Camp
	GIP
	M
	WA
	Skamania
	1000 (J. Scott, 2004)
	U
	N

	--
	Lost Meadow
	GIP
	MLSA
	WA
	Skamania
	30 (A. Ruchty 2004)
	U
	N

	3
	Ice Cave Road
	PVT
	PVT
	WA
	Klickitat
	“very small population”  (Henderson 1971)
	U
	U

	8
	Trout Lake
	PVT
	PVT
	WA
	Klickitat
	200 (WNHP 1988)
	U
	U

	17
	Schoolhouse Meadow
	PVT
	PVT
	WA
	Klickitat
	“small population”  (WNHP 1986)
	U
	U

	24
	Bergen Road
	PVT
	PVT
	WA
	Skamania
	2000-3000 (WA Dept. of Wildlife, BBG 2003)
	U
	Y

	1
	Little Crater Meadow
	MTH
	M
	OR
	Clackamas
	1500-3000 (ORNHIC 1988, BBG 2002, L. Karst, 2002)
	U
	Y

	2
	Collawash River
	MTH
	LSR
	OR
	Clackamas
	500 (ORNHIC 1989, L. Karst 2002)
	U
	Y

	3
	Collawash River
	MTH
	LSR
	OR
	Clackamas
	120 (ORNHIC 1989)
	U
	Y

	4
	High Rock
	MTH
	LSR
	OR
	Clackamas
	4-200 (ORNHIC 1989, BBG 2002)
	D
	N

	5
	SE of Alder Swamp
	MTH
	LSR
	OR
	Clackamas
	300 (ORNHIC 1992)
	U
	N

	6
	Timothy Lake
	MTH
	M
	OR
	Clackamas
	51-300 (ORNHIC 1992);
30 (Raven 2008)
	D or E?
	N

	7
	Pinhead Creek
	MTH
	M
	OR
	Clackamas
	0 (Karst 2002; 150 (Raven 2008)
	E
	N

	8
	Lower Lake/ Cornpatch Meadows
	MTH
	LSR
	OR
	Marion
	1000 (ORNHIC 1997, L. Karst 2002)
	U
	N

	--
	Clackamas Meadow
	MTH
	AWA
	OR
	Clackamas
	50-200 (C. Horvath, 2003)
	U
	N

	--7
	Palomar pipeline
	MTH
	AWA
	OR
	Clackamas
	unknown
	U
	U

	26
	William O. Douglas Wilderness
	OKA-WEN
	CW
	WA
	Yakima
	300 (P. Morrison, 1994)
	U
	U

	27
	William O. Douglas Wilderness
	OKA-WEN
	CW
	WA
	Yakima
	8 (D. Visalli, 1994)
	U
	U



1 EO# = Element Occurrence Number assigned by the Washington and Oregon Natural Heritage Program; occurrences with no number have not had an element occurrence number assigned.  

2 Administrator.  GIP=Gifford Pinchot National Forest, MTH=Mt. Hood National Forest, OKA-WEN=Okanogan-Wenatchee National Forest, PVT=Private.  

3 LUA (Land Use Allocation).  AWA=Administratively Withdrawn Area, LSR=Late Successional Reserve, MSLA=Managed Late Successional Area, M=Matrix, PVT=Private (no allocation), CW=Congressionally Withdrawn (includes Wilderness).   

4 Best population size estimates.   Sources include:  BBG = The Berry Botanic Garden; WNHP = Washington Natural Heritage Program; ORNHIC = Oregon Natural Heritage Program; Raven 2003b; various individuals that filled out rare plant site reports.  In cases where ORNHIC or WNHP are cited, numbers were extracted from database snapshots from 2008 (WNHP) and 2010 (ORNHIC), but dates of original entry were used.  Copies of source materials are available in the Botany Program files, Gifford Pinchot National Forest, Mt. Adams District.  

5 Occurrence Trend.  U=Unknown, S=Stable, I=Increasing, D=Decreasing, E=Extirpated.  Estimation based on Raven 2003a and 2003b unless otherwise noted.  The Pine Tree Springs site is believed to have been misidentified and no trend is reported.  

6 Hybridization.  Y=evidence of hybridization between S. sarmentosum and S. idahoense in the occurrence, N=No evidence of hybridization between S. sarmentosum and S. idahoense or any other species in the occurrence, U=Unknown.  Plant characters used as possible evidence for hybridization include tepal color, tepal tip shape, tepal length, tepal length to width ratio, tepal angle when flowers were fully open, style exsertion, seed characteristics, flower stem lengths, inner and outer spathe bract lengths, and flower behavior (time of opening).  

7 The Palomar pipeline ‘site’ is a reported site for S. sarmentosum that has not been confirmed.  This site will be re-visited for verification of the species identification during FY11.  This site is located near the Little Crater element occurrence; if verified as S. sarmentosum, a further determination will need to be made if it is spatially linked to the Little Crater occurrence, or if it is an independent occurrence.  This unconfirmed site is not included in the summary total of element occurrence numbers cited in the text of this document.  This occurrence is located near the boundaries of land allocations; field reconnaissance will be required to confirm that it is located within an Administratively Withdrawn Area.  

C.  Population Trends
Sisyrinchium sarmentosum was first observed (and described) at South Prairie in 1893, and the species still persists at this site.  The type and isotype collections of this plant that were collected in 1893 by Wilhelm Suksdorf appear to be taller with a greater number of leaf bases than typical plants found at the site today (New York Botanical Garden specimens 319488 & 319487).  This anecdotal observation does not establish that there is a trend towards smaller plants at this site, but suggests that this may be the case.     

Based on comparisons of population size estimates from initial site reports, re-visit reports, a summary of Gifford Pinchot National Forest populations by John Gamon (1991), and more recent observations (Raven 2003a), some occurrences appear to be in decline, including Little Mosquito Lake on the Gifford Pinchot National Forest, and High Rock and Timothy Lake on the Mt. Hood National Forest.  A number of additional occurrences may be in decline due to hybridization, including Little White Salmon on the Gifford Pinchot National Forest, Bergen Road, (in Washington on private land), and Collawash River (EO 2) on Mt. Hood National Forest.  Peterson Prairie and Cave Creek occurrences on Gifford Pinchot National Forest may also be experiencing hybridization, but, based on short-term anecdotal observation, the apparent hybridization levels appears to be stable (Raven 2006a).  Without active intervention and management (Section IV, part F), succession and invasive plants also constitute threats that are likely to cause downward population trends in a number of occurrences.  

Raven (2003a) monitored the state of approximately 400 individual plants over a period of four field seasons (1997-2000) at Cave Creek, Gifford Pinchot National Forest.  Raven’s study was designed to measure the impact of cattle grazing on S. sarmentosum, but provides some corollary data on population trends at this site.  Overall, estimated number of plants in the study area roughly doubled during the four years of research (1997-2000); confidence intervals were very wide due to variation in plant counts among sampling quadrats, but the trend was statistically significant (repeated measures ANOVA test, p = 0.01).  There was no significant difference between numbers of fenced and unfenced plants, indicating that this was a population trend unrelated to grazing.  The increase in the number of plants at Cave Creek during the years of the study could be due to many factors.  First, apparently new plants very likely included seedlings and plants that were overlooked during previous years; since plants are very grass-like and tiny when young, the likelihood that researchers failed to detect some plants is high.  The increase was likely due (at least in part) to season-dependent recruitment events.  Factors influencing season-dependent recruitment likely include (but may not be restricted to) annual weather patterns, including precipitation and temperature.

D.  Demography 
No demographic studies have been conducted related to Sisyrinchium sarmentosum, with the exception of data collected by Raven (2003a) at Cave Creek. As a result, for most populations, recruitment and mortality rates are not known.  

At Cave Creek, Raven (2003a) observed occurrence expansion during 1997-2000, with a large (relative to other years of the study) recruitment event in 2000.  In fenced plots (cattle excluded)* recruitment rates were 26.2% in 1998, 13.8% in 1999, and 47.0% in 2000, while mortality rates were 4.7% in 1998, 1.6% in 1999, and 11.1% in 2000 (calculations based on data in Raven [2003a]).  *Cattle accidentally entered fenced plots for short periods of time during both 1999 and 2000.     

Raven also observed temporary dormancy in a small subset of monitored plants (note: the term plants is used here in the context of Raven’s “quarter rule” – see glossary definition of individual plant).  Of approximately 400 individual plants monitored over four years (1997-2000), eight plants were observed to be present in one study year, apparently missing in a later year, then present again in a subsequent year.  A single individual was present in 1997, missing during 1998 and 1999, and present during 2000, indicating the possibility of multiple years of dormancy followed by re-emergence.  Note:  because this species is rhizomatous, plants in this sense may fail to appear from year to year, though other plants of the same genet may appear (i.e. the entire genet is not necessarily dormant).  

E.  Habitat
Sisyrinchium sarmentosum grows in open meadow or meadow-like environments that are seasonally wet.  Although the range of habitat conditions that this species needs in order to thrive is imperfectly understood, it is clear that it depends upon spring-early summer moisture, in open to semi-open areas.   Greene (1895) describes the habitat of S. sarmentosum as “the edges of meadows at 2-3000 ft.”  The Center for Plant Conservation (2005) reports the habitat as slightly raised (and therefore slightly drier) sections of open, wet meadows in forest openings, primarily in the Pacific Silver Fir and Grand Fir zones.   Based on the most current Natural Heritage Program data from Oregon and Washington, the lowest elevation occurrence found in Oregon is 2040 ft (620 m) and 1600 ft (490 m) in Washington, while the highest is 4600 ft (1400 m) in Oregon and 5720 ft (1740 m) in Washington.  These figures do not include the Bergen Road occurrence, which is suspected to have been misidentified or to have been hybridized since originally identified (Raven, pers. comm. 2006), or the Pine Tree Springs/Aiken Lava Bed occurrence, which is suspected to be a misidentification (J. Scott, pers. comm. 2004).      

On Gifford Pinchot National Forest, S. sarmentosum has been found growing among grasses, sedges, and other forbs, including Deschampsia caespitosa, Carex spp., Fragaria sp. and Achillea millefolium, as well as among shrubs, such as Spiraea douglasii and Salix spp.  Microhabitats vary:  the species has been found growing on the gravelly bottom of an ephemeral stream channel in a fairly open, cut forest (old clear-cut); and along the same stream channel, it grows in shallow depressions some feet away from the channel, among Spiraea shrubs that cast shade upon the plants.  Concentrations of individuals often appear to occur along meadow edges (this is the case at South Prairie and Peterson Prairie, Gifford Pinchot National Forest, and Clackamas Meadow, Mt. Hood National Forest).  More atypical habitats where this species has been found on the Gifford Pinchot National Forest include boggier sites, where the species grows among Veratrum, Dodecatheon, Camassia and Lycopodium (Raven 2003a).  Gamon (1991) lists the following as species associated with S. sarmentosum in Washington: Deschampsia caespitosa, Alopecurus pratensis, Phleum pretense, Poa palustris, Juncus tenuis, Juncus ensifolius, Carex vesicaria, Carex microptera, Agrostis idahoensis, Fragaria virginiana var. platypetala, Prunella vulgaris, Trifolium repens, Potentilla drummondii, Ranunculus flammula, Solidago canadensis, Veronica scutellata, Botrychium multifidum, Antennaria microphylla, Viola adunca, Spiraea douglasii, Pinus contorta, Picea engelmannii, Acer circinatum, and Populus trichocarpa.  

On the Mt. Hood National Forest, associated species include Pinus contorta, Abies amabilis, Pseudotsuga menziesii, Tsuga heterophylla, Vaccinium membranaceum, Veratrum viride, Solidago canadensis, Lupinus latifolius, Vancouveria hexandra, Valeriana sitchensis (High Rock); Pinus monticola, Pseudotsuga menziesii, Tsuga heterophylla, Acer circinatum, Vaccinium sp. Ribes spp., Senecio pseudaureus, Hypericum perforatum, Senecio jacobaea, Cirsium vulgare, Vancouveria hexandra, Galium triflorum, Lysichiton americanus (Collawash (EO 2)); Phleum pretense, Dactylis glomerata, Elymus glaucus, Linnaea borealis, Symphoricarpos mollis, Rubus lasiococcus (SE of Alder Swamp); Rosa sp., Crataegus douglasii, Salix sp., Spiraea sp., Pteridium aquilinum, Stachys cooleyae, Potentilla sp., Mimulus sp., Epilobium sp. (Collawash EO 3); Potentilla drummondii, Viola adunca, Achillea millefolium, Danthonia intermedia, Phleum alpinum (Little Crater Meadow); Polytrichum sp., Juncus spp., Fragaria vesca, Vaccinium ovalifolium (Timothy Lake); Achnatherum occidentale, Geum macrophyllum, Hackelia diffusa, Veronica americana, Veronica wormskjoldii, Mimulus moschatus, Delphinium trolliifolium (Cornpatch Meadows) (ORNHIC 2010).  

On the Okanogan-Wenatchee National forest, associated species include Trifolium sp., Mimulus moschatus, Epilobium sp., Juncus sp., Carex sp., Deschampsia sp., Phleum alpinum; nearby species include Abies lasiocarpa, Picea engelmannii, Pinus contorta, and Pinus monticola.    

F.  Ecological Considerations
Little is known about the ecological relationships of Sisyrinchium sarmentosum.  The species is apparently palatable to both native and non-native ungulates and occasionally to native rodents (Raven 2003a).  Seed predation by unidentified insects has been observed at Cayuse Meadow in 2004 and at South Prairie in 2005 (Raven & Ruchty, personal observations 2004-2005).  Leaf and fruit predation by insects was also observed at Cave Creek during the grazing-exclosure study (Raven 2006a).  

Henderson (1976) observed solitary bees of the family Megachilidae as pollinators of this species; bumblebees (Bombus spp.) have also been observed visiting the flowers (Center for Plant Conservation 2005).  Karst (2003a) observed adrenid bees (family Adrenidae) visiting flowers.  Flowers do not open until late morning or mid day (Gamon 1991; Karst 2003a), and may not open at all on very rainy days (Raven and Ruchty, pers. obs. 2005).  Raven also reports observing rows of tiny green eggs deposited on the developing fruit of a Sisyrinchium plant at Cave Creek in 1997, and a fly or bee eating Sisyrinchium pollen during 2000 (Raven 2006a).  

Karst’s opinion (2003b) is that S. sarmentosum likely responds well to low-intensity fire because the species is found in early seral habitats (meadows and openings) and is rhizomatous.  Karst expressed concern, however, about the potential of fire to harm populations at sites where fuels have accumulated and might cause intense heat that could kill shallow rhizomes, such as at Little Crater Meadow and Cave Creek.    

IV.  CONSERVATION

Note:  The Gifford Pinchot National Forest has historically utilized the Washington Natural Heritage Program BIOTICS database to store data on rare plant populations.  During the past decade, the Washington Natural Heritage Program protocol for tracking ‘element occurrences’ changed, resulting in the consolidation of many smaller polygons (once considered separate element occurrences) into single element occurrences.  This scale of tracking is sometimes insufficient for the purpose of planning and tracking management and monitoring, and Gifford Pinchot National Forest now utilizes the Natural Resources Information System (NRIS) Threatened, Endangered and Sensitive (TES) – Rare Plants database module to track sites, also sometimes referred to as ‘occurrences’ within this document (‘occurrences’ correspond to NRIS sites, but do not always correspond to ‘element occurrences’).    When Heritage Program ‘element occurrences’ do not correspond to ‘occurrences’ as defined for the purposes of management and monitoring, this circumstance is noted in the NRIS TES – Rare Plants database.  For the purpose of clarity within this Conservation Strategy, ‘element occurrences’ are explicitly parsed into ‘occurrences’ within IV.  Conservation, Section F.  Management Objectives and Required Management Activities, by Occurrence.   

A. Conservation Status  
S. sarmentosum is a narrow endemic that is known from south-central and central Washington (Klickitat, Skamania, and Yakima Counties) and north-central Oregon (Clackamas and Marion Counties).  The majority of S. sarmentosum element occurrences and individuals occur on national forest land (Gifford Pinchot, Mt. Hood, and Okanogan-Wenatchee National Forests).  

There are a low number of total Sisyrinchium sarmentosum element occurrences across this species’ range (24), and fewer (21) if element occurrences thought to consist primarily or entirely of hybrids are not included (i.e., Bergen Road, Little White Salmon and Collawash River EO #2 [Table 1; Raven 2003b]).  Taking into account that one occurrence is likely a misidentification (Pine Tree Springs), there may be only 20 element occurrences.  Only five of these element occurrences are considered to be self-sustaining (Raven 2003a).   In addition, Raven (2006a) reported that approximately 80% of all known individuals were concentrated at two sites, and between 82 - 90% of all individuals were found within a single grazing allotment on the Gifford Pinchot National Forest.  Many sites are presently subject to ongoing, recognized threats.  These facts combine to emphasize that this species is extremely vulnerable to extirpation.  Extirpation could occur as a result of chance catastrophic events, (e.g., disease, natural disasters), human-caused disturbance, or sustained pressures, including grazing and invasive plant encroachment, that put stress upon individuals and/or populations (or a combination of these factors).    

With the advent of widespread fire suppression, low- to mid-elevation eastside forests (on Mt. Adams Ranger District, Gifford Pinchot National Forest, and Hood River and Barlow Ranger Districts, Mt. Hood National Forest) that were historically dominated by widely spaced ponderosa pine or other fire-tolerant species, with an understory dominated by graminoids (most notably pine grass – Calamagrostis rubescens), began filling in with fire-intolerant species, such as grand fir (Abies grandis), and understory shrubs.  Open conifer stands, in seasonally wet or streamside areas, may have provided suitable habitat for S. sarmentosum in pre-settlement times.  For this reason, it is likely that populations were more widespread on the landscape during pre-settlement times.  In addition, habitat for this species probably would have been less fragmented than the habitat that exists on the landscape today.   Suitable habitat for the species would presumably have been distributed along seasonally wet draws, swales, and stream channels, in a mosaic that shifted across the landscape over time, based on patchy disturbances - primarily fire.  As suitable habitat has been steadily reduced, fragmentation of suitable habitat has likely occurred.  Relatively stable habitats, such as at South Prairie, probably act as refugia and dispersal centers to more ephemeral habitats, such as at Cave Creek.

Species that live in fragmented habitats face two challenges:  their local habitat is restricted in size, with discrete boundaries that limit expansion, and isolation of habitat patches restricts genetic exchange between populations (Andren 1994 as cited in Kirchner et al. 2003).  When population extinctions occur, habitat fragmentation reduces the chance that suitable habitat may be re-colonized by neighboring populations.  On a genetic level, the sharing of genetic information between populations, through cross-pollination and sexual reproduction, may counteract the effects of genetic drift, and prevent inbreeding depression (Mills and Allendorf 1996 as cited in Kirchner et al. 2003).  

Small populations are at greater risk of extinction than large populations, because they are more likely to be extirpated, or to suffer losses in genetic information, through chance mortality events, genetic drift, and inbreeding depression.  

Many element occurrences located on federal lands in both Washington and Oregon are subject to livestock grazing, and/or wild ungulate grazing (Section IV, part F).  At the Cave Creek Wildlife Special Area in the Gifford Pinchot National Forest, 64 acres have been fenced to exclude cattle grazing since 1994. The fence allows elk, deer, and other wildlife access to the area.  Plants in this occurrence are located both inside and outside the exclosure (Raven 2003a).  At Peterson Prairie, livestock use is limited to late season, during September round-up. On the Okanogan-Wenatchee National Forest, livestock grazing is limited to late season; however, elk grazing may be a threat to these occurrences (Leingang, pers. comm. 2010).     

A substantial portion of occupied, suitable, or potential habitat for this species on the Gifford Pinchot National Forest is within forested land allocation designated as Late Successional Reserve (LSR) or Managed Late Successional Area (MLSA) (USDA and USDI 1994a, b) (for definitions of occupied, suitable, and potential, see VII. Definitions of Terms Used).  Management within these areas is restricted to actions that promote characteristics of late- successional/old-growth forest.  For this reason, it is unlikely that management actions taken within these allocations will create suitable habitat for S. sarmentosum.  In addition, there are few other management actions planned or likely to be planned within potential S. sarmentosum habitat outside of LSR and MLSA, which might produce suitable habitat for this species (i.e., controlled burns, heavy thinnings and clear-cuts).  Under the Gifford Pinchot National Forest Late Successional Reserve Assessment (GPNFLSRA) (1997), prescribed fire and lopping of seedlings/saplings to retard reproduction encroachment and enhance flora and fauna related to meadow ecosystems is permitted in LSR and Matrix land allocations (pp. 6-19).  However, the Forest lacks clear guidance or direction addressing treatment of forested areas (areas that were more open before active fire suppression began in the early 20th century) for the purpose of creating maintained canopy openings in potential S. sarmentosum habitat.   Maintenance and creation of S. sarmentosum habitat will require planning efforts and projects aimed specifically at habitat restoration for this species, and may require updates to planning documents such as the Late Successional Reserve Assessments, or Land and Resource Management Plans.  

Establishment of conifers in meadows and openings (through natural succession) appears to be threatening S. sarmentosum occurrences and habitat on the Gifford Pinchot National Forest, including occurrences at Cave Creek, Little White Salmon, Little Mosquito Lake, and to a lesser extent, at South Prairie (particularly satellite occurrences).  Conifer encroachment is also occurring at Collawash (EO 2) and Little Crater Meadow on the Mt. Hood National Forest.     

It is clear that potentially suitable habitat for S. sarmentosum is shrinking and, in the absence of active management, will continue to shrink over the coming decades, across the species’ range.      

The Forest Service is performing invasive plant removal through hand pulling, flower head removal, and herbicide treatment, at Cave Creek, South Prairie, and Lost Meadow.  In addition, during 2005, young conifers encroaching into Peterson Prairie were hand pulled and/or clipped.   

The Gifford Pinchot National Forest implemented a boulder-placement project during 2006, which was designed to prevent motor-vehicle entry into South Prairie; this project will protect S. sarmentosum from damage caused by motor vehicle entry at this site.     

B.  Threats 
1.  Livestock and Wild Ungulate Grazing
Livestock grazing comprises a major threat to Sisyrinchium sarmentosum.  Five element occurrences on Gifford Pinchot National Forest, two element occurrences on Mt. Hood National Forest, and both element occurrences on Okanogan-Wenatchee National Forest, are subject to permitted livestock grazing (Section IV, part F). The four S. sarmentosum element occurrences within the Ice Caves Grazing Allotment, Mt. Adams District, Gifford Pinchot National Forest, including South Prairie, Cave Creek, Peterson Prairie and Lost Meadow, comprise between 82-90% of all individuals of the species according to Raven’s 2006 estimates (Raven 2006a).  These occurrences have been subject to persistent (and sometimes intensive) livestock grazing during the past century, with grazing season typically extending from mid-June to late September or early October.  Livestock grazing and wild ungulate grazing have both direct and indirect effects on S. sarmentosum.  On the Okanogan-Wenatchee, elk grazing, rather than livestock grazing (livestock grazing is limited to late season, after seeds have dispersed), is considered a threat to S. sarmentosum (J. Leingang, pers. comm. 2010).  At the present time, there is a significant research effort underway to assess the condition of the Yakima elk herd and its associated habitat.  This collaboration between the Washington Department of Fish and Wildlife, the Rocky Mountain Elk Foundation, and the Forest Service is in the form of a two-part study evaluating animal health, movement/use of habitat, and habitat condition.  To gain insight into habitat condition, the Forest Service established permanent plots to evaluate plant species composition, herbaceous plant productivity, and forage utilization by wildlife and/or livestock.  At the present time, the information gathered as part of this research is being compiled and analyzed and implications for management of grazing ungulates identified.  Subsequently, this information will be used to determine what, if any, management actions may be necessary to improve elk herd health, habitat condition, or both.  Findings and management decisions resulting from this effort will be used to update the previously described information and associated management decisions.

Direct Effects
Direct impacts of livestock grazing on S. sarmentosum include mortality by uprooting; leaf, flower, and fruit herbivory; and trampling.

[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In a study of livestock grazing effects on S. sarmentosum at Cave Creek, Raven (2003a) found that grazing by cattle, even for brief periods and with few cattle (<25) present, caused direct plant mortality and dramatically increased herbivory.  At this site, grazing is typically permitted from June 15 through September 30.  S. sarmentosum typically blooms at this site beginning in late June, and seeds are released in mid August – early September.  As a result, livestock grazing substantially compromises the ability of individuals to grow and sexually reproduce.    

During the monitoring period from 1997-2000, Raven found that approximately 5% of S. sarmentosum individuals were grazed and pulled up completely (including roots/rhizomes), resulting in the death of these plants.  

In monitoring levels of herbivory, Raven found that, by late July 1997 (the first year of field monitoring), plants subject to livestock grazing had 46% of their leaves removed compared to plants excluded from livestock grazing, which had 5% of their leaves removed by this time.  In 1998, 58% of S. sarmentosum leaves had been consumed by late July, compared to only 3% of leaves on plants protected from livestock grazing.  During 1999-2000, 84% of unfenced plants showed “high” levels of leaf herbivory (defined as between 51-100% vegetation removed), whereas fenced plants showed high levels of leaf herbivory on only 28% of plants.  

Livestock grazing also caused the removal of 79% (4/5th) of flowers and fruits by late July, in livestock grazed vs. ungrazed study plots, during the four years of field data collection, resulting in dramatically reduced opportunities for sexual reproduction (Raven 2003a).  This is most likely a conservative estimate since data are included for years when cattle breached the fence for approximately 3 weeks in 1999, and 1 week in 2000.

Plants protected from livestock grazing showed increased recruitment, as well as increased seed production.  Twice as many new plants were located within the fenced area than outside the fenced area, over the four years of field data collection), In addition, plants outside the cattle exclosure were consistently shorter and broader than those protected from grazing. 

Differences in grazing effects observed inside and outside the livestock exclosure were attributable to livestock and not to native wildlife.   The exclosure fence at Cave Creek was constructed to permit passage of native wildlife.  Early spring surveys of Cave Creek during 2004, before cattle were turned out to graze, showed signs of elk use inside, as well as outside, the exclosure.  Exclosure fences did not act as a barrier to wildlife and the effects of wildlife were considered equivalent on both sides of the exclosure fence.  

Field work for Raven’s study was carried out during late June and July (the major S. sarmentosum blooming period at Cave Creek) from 1997-2000.  In all years of the study, data collection was completed before the end of July.  According to the Annual Operating Instructions for the Ice Caves Allotment, 1997-2010 (years of the study to present) livestock are permitted to graze from the “turn-on” date (June 15) through September 30.  Undoubtedly, a substantial additional proportion of the vegetation and fruits that remain at the end of July (6 weeks into the grazing season) are consumed by livestock during the following 8 weeks of permitted grazing.  

Raven’s study demonstrates that livestock grazing has severely limited the ability of S. sarmentosum to sexually reproduce at Cave Creek.  Since grazing levels at other occurrences within the Ice Caves Allotment have been permitted at the same level as at Cave Creek, it is likely that these occurrences experience similar impacts as a result of livestock grazing. As a result of the decades of season-long grazing that has been permitted on the Ice Caves Allotment, it is likely that the S. sarmentosum occurrences that currently exist within the allotment (with the exception of a portion of the Cave Creek occurrence which has been contained within a livestock exclosure since 1994) are largely the product of decades of vegetative reproduction (cloning).   Limiting sexual reproduction prevents opportunities for gene flow and genetic recombination, increasing the likelihood that genetic information may be lost over time, reducing the species’ ability to adapt to changing environments (Barrett and Kohn 1991, in Falk and Holsinger 1991).   

During 1998, Raven (2003a) compared the growth form of plants inside and outside the livestock exclosure at Cave Creek and found that fenced S. sarmentosum plants with no herbivory were 72% taller than unfenced plants with no herbivory.  Photographs and descriptions of Suksdorf’s 1893 collections of S. sarmentosum from South Prairie (New York Botanical Garden, isotype specimens 319488 & 319487) provide us with additional evidence to suggest that S. sarmentosum plants (particularly at South Prairie) may have been larger and more productive (numerous leaf bases and copious foliage production) late in the 19th century, compared to present.  These observational accounts suggest that long-term grazing of this species may have caused a reduction of the stature of plants at multiple sites; this may be a result of phenotypic plasticity, loss of genetic information (resulting from competitive exclusion of taller statured plants by shorter statured plants over time), or both.  If the pattern is a result of loss of genetic diversity, plants may now be less competitive with both native and nonnative plants that occupy the same habitat.  	

The 1994 report titled “Monitoring Results for Sisyrinchium sarmentosum at Little Crater Meadow on the Bear Springs Ranger District, Mt. Hood National Forest” concludes that “There is reason to suspect that grazing (particularly early-season grazing) does adversely affect Sisyrinchium sarmentosum,” despite the fact that the study design and collection methods did not allow for “strong conclusions” (Holmberg 1994).  

The Bear Springs District also completed an Environmental Assessment in 1993 that identified new pasture fences and an improved grazing system at Little Crater Meadow and a small reduction in livestock numbers.  These measures have improved vegetative conditions by allowing for controlling the timing of grazing (late summer) and limiting numbers (Fissell 1993). 

Since livestock tend to congregate near water, and S. sarmentosum habitat is restricted to streambanks and edges of wet meadows, plants may be subject to greater trampling than might be expected based on livestock numbers alone.  During a study carried out in northeastern Oregon, Kauffman et al. (1983) found that significantly greater streambank erosion and disturbance occurred in grazed areas than in areas excluded from cattle grazing.  S. sarmentosum occurrences within Ice Caves Allotment, including those at Cave Creek and South Prairie, have been identified as high-use areas where cattle congregate and remain throughout the grazing season (Frey, pers. comm. 2003, 2005; B. Scott, pers. comm. 2003-2005). On the Mt. Hood National Forest, trampling by livestock is noted as a threat to S. sarmentosum at Little Crater Meadow.  

Indirect Effects
Indirect effects of grazing on S. sarmentosum include the introduction and spread of invasive plants (see Threats to the Species: Invasive Plants), and changes in plant community dynamics, while possible additional indirect effects include impacts to pollinator diversity (resulting from changes in plant communities), soil nitrification, and alteration of hydrology.  

Livestock introduce and spread invasive plants by (1) causing soil disturbance, which creates exposed seed bed for weed establishment at new sites, and (2) introducing and/or dispersing weed seeds, by transporting them in their hooves, fur, or gut.  

It is unknown to what extent livestock have influenced plant community dynamics, or pollinator diversity and abundance, or caused soil compaction, and nitrification, or altered hydrology within S. sarmentosum habitat.  Wilhelm Suksdorf made the type collection for S. sarmentosum on August 31, 1893, from “Gerstenwiese” (Barley Meadow in German).   Based on Suksdorf’s description of South Prairie as “Barley Meadow,” it may be that the genus Hordeum was a major component of the community there, whereas today Hordeum is not a major component of the meadow.  It is likely that livestock grazing over the past century has altered the plant community at South Prairie by placing selective (grazing) pressure on palatable species, leaving less palatable species with a competitive advantage.   In a study conducted in Europe, Carvell et al. (2004) found that the abundance of foraging bumblebees was influenced by the temporal availability of suitable flowers.  By removing a substantial proportion of flower heads (including those of S. sarmentosum), grazing may impact pollinator abundance and diversity.  

2.  Invasive Plants 
Invasive Plants are recognized as an imminent threat to at least one S. sarmentosum element occurrence (Cave Creek) and are a present and growing threat to at least five other element occurrences on the Gifford Pinchot National Forest, and at least one element occurrence on Mt. Hood National Forest (Pinhead Creek) (Section IV, part F).  Canada thistle (Cirsium arvense) and tansy ragwort (Senecio jacobaea) have been identified as an imminent threat to S. sarmentosum at Cave Creek (Raven 2003a); common houndstongue (Cynoglossum officinale) is also recognized as a serious threat (Ruchty and Scott, pers. obs. and comm. 2003-2005).  The houndstongue infestation is concentrated in a relatively discrete area at this site, but spread of this highly invasive species is of great concern (Wallenmeyer 2003).  Until 2006, Cave Creek was the only known site of this invasive plant on the Gifford Pinchot National Forest (Gifford Pinchot National Forest invasive plant map, 2004).  It is likely that livestock permitted to graze in the Ice Caves Grazing Allotment introduced houndstongue to this site (houndstongue is common in areas of eastern Klickitat County, where the permittee’s cattle overwinter).  Livestock are a known transportation vector for this species, which produces seeds that readily attach to fur (De Clerck-Floate 1997); cattle grazing at Cave Creek were observed with seeds coating their faces during the summer of 2004 (Chandler, pers. comm. 2004).  Canada thistle and tansy ragwort are estimated to infest multiple acres at this site (NRIS-IS 2009).  Houndstongue is toxic to cattle (Baker et al. 1989; Baker et al. 1991) and to horses (Knight et al. 1984), as is tansy ragwort (Coombs et al. 1997).  Perhaps for this reason, these species, along with prickly Canada thistle, appear to be avoided by cattle during grazing at Cave Creek (Ruchty, pers. obs. 2003-2005).  Studies have shown that most weedy species are avoided by cattle (Belsky and Gelbard 2000).    

On the Gifford Pinchot National Forest, three S. sarmentosum element occurrences have the potential for direct impacts resulting from herbicide treatment; however, the negative impacts expected from allowing noxious weeds to continue to invade/expand at these sites are greater than the effects expected from the use of herbicides (Gifford Pinchot National Forest and Columbia River Gorge National Scenic Area (Washington Portion), 2008).  Herbicide treatments are designed to minimize impacts upon rare plants species.  On Mt. Hood National Forest, the Collawash River element occurrence (EO 2) has been proposed for herbicide treatment (Mt.  Hood National Forest and Columbia River Gorge National Scenic Area [Oregon Portion], 2008).  Herbicide treatment proposed to occur at this site is designed to shield Sisyrinchium individuals (using a plastic tarp) from spot-spraying application(s).  In addition, only one third of the area would be treated during the first year of herbicide treatment and so forth in the successive second and third years of treatment in order to assess survival of Sisyrinchium individuals and treatment effectiveness.  Herbicide treatment was considered the best method for treating the site because of the difficulty of manually treating (hand pulling) the numerous Canada thistle plants that threaten the Sisyrinchium occurrence.  

3.  Hybridization
Hybridization between the relatively common species Sisyrinchium idahoense and the rare species S. sarmentosum appears to be occurring in a number of the element occurrences on the Gifford Pinchot National Forest, including the Cave Creek, Peterson Prairie and Little White Salmon element occurrences,and at the Bergen Road element occurrence (private land in Washington).  Hybridization also appears to be occurring at the Collawash (EO2) occurrence on Mt. Hood National Forest, but it is unclear which Sisyrinchium sp. is hybridizing with S. sarmentosum at this site (Raven, pers. comm. 2010).  Plant characters used as possible evidence for hybridization include plant size, tepal color, tepal tip shape, tepal length, tepal length to width ratio, tepal angle when flowers are fully open, style exsertion, seed characteristics, flower stem lengths, inner and outer spathe bract lengths, and flower behavior (time of opening).  The genetic integrity of S. sarmentosum is potentially put at risk by the introduction of alleles from the more common species into the rare species’ genome.  It is unclear why and to what extent hybridization between these species is occurring.  Since detailed documentation of the historic distribution of these species is unavailable, it is not possible to compare the historic distributions to ascertain whether the ranges of these species have overlapped in the past.  Because the species seem to readily hybridize and produce fertile offspring (Henderson 1976), it seems unlikely that their ranges overlapped in the past.  It is possible that the timing of flower production within the growing season was previously separate but presently overlaps, allowing increased exchange of pollen.  Another explanation for the apparent recent trend of increased hybridization may be that S. idahoense, which has greater ecological amplitude and less stringent habitat requirements than S. sarmentosum, has expanded its range to include that historically occupied by S. sarmentosum.  If this is true, then there may be many reasons for the trend, including climate change and/or changes in disturbance regimes.  Pollinator dynamics may also have changed during the last century, causing there to be a greater likelihood of pollen exchange between the species.  All of these hypotheses are speculative at this time.   

4.  Motor Vehicles 
Motor vehicle use has been observed at a number of S. sarmentosum sites.  During 1994-2000 surveys of known sites, Raven (2000) observed tire tracks into the South Prairie meadow complex, some of which had passed over S. sarmentosum plants.  In 2003, numerous vehicle tracks were observed at South Prairie (Ruchty and Scott, pers. obs. and comm. 2003).  In one area of South Prairie, vehicle use had been concentrated to such an extent that by September an estimated 50+ S. sarmentosum plants that had been observed growing in the area had apparently been destroyed by wheel ruts (South Prairie photos, September 2003).  Vehicle tracks have also been noted at the Little Mosquito Lake element occurrence (Gamon 1991), and near the Lost Meadow element occurrence (Ruchty, pers. obs. 2010).  Vehicles are also allowed limited access to Peterson Prairie and pose a potential threat to the S. sarmentosum Element Occurrence there.   

5.  Camping/recreation
At Cave Creek, a fire pit has been present since 1991, when John Gamon (1991) identified camping as a threat at this element occurrence.  Evidence of camping, including a fire ring, has also been observed near the Little White Salmon element occurrence (Raven 2003a), and within the South Prairie meadow complex (Frey, pers. comm. 2004; Ruchty,  pers. obs. 2004; J. Scott, pers. comm. 2004).  On Mt. Hood National Forest, trampling by fishermen is noted as a threat to the element occurrence at Timothy Lake (Timothy Lake site revisit report 2002).  In 2003, surveyors reported “at least one dispersed campsite” at the edge of Timothy Lake, just north of this element occurrence (Timothy Lake site revisit report 2003).  The Clackamas Meadow element occurrence, on the Mt. Hood National Forest, is located near the Joe Graham Horse Camp; site reports do not record horse use as having an impact on this site, but due to the close proximity of the element occurrence to the horse camp, recreational use may pose a threat.  Trampling by recreationists is also considered a threat to the Little Crater Meadow element occurrence (Lebo, pers. comm. 2006). 

6.  Habitat-Disturbing Management Activities
Routine road maintenance has the potential to impact three Sisyrinchium sarmentosum element occurrences on the Gifford Pinchot National Forest, where individuals are found growing at road edges: Cave Creek, South Prairie (roadside occurrence), and Falls Creek Horse Camp.  Because this species has a narrow habitat tolerance and is dependent on seasonal soil moisture, activities that cause changes to the hydrologic regime (less, more, or changes in duration of moisture), may have high potential to impact this species.  Timber harvest or other activities that cause ground disturbance and/or substantial changes to ecological conditions may also pose a threat to this species.  For instance, meadow restoration involving the removal of encroaching trees could impact Sisyrinchium if logs are yarded through occupied habitat, though such habitat restoration could yield long term benefits.  On the Mt. Hood National Forest, alder and willow restoration plantings for shore rehabilitation on Timothy Lake are cited as a threat to S. sarmentosum (Timothy Lake site revisit report 1992).   Herbicide applicators conducting invasive plant control have the potential to impact occurrences on both the Gifford Pinchot and Mt. Hood National Forests through trampling (see Section IV, part F).   Other habitat-disturbing management activities include road building that splits wetlands (historically this happened at both South prairie and Cave Creek); aerial fertilization, and lake water level manipulation (such as at Timothy Lake).  

7.  Habitat Encroachment
Sisyrinchium sarmentosum grows in both natural meadows and meadow-like environments (old clear-cuts, heavy thinnings).  These areas often need disturbance to keep them open and meadow-like (i.e., in an early successional state).  Since the advent of widespread fire suppression, fire-dependent plant communities, including meadows, have been in decline on both the Gifford Pinchot and Mt. Hood National Forests (Cooper 1853; Lebo pers. comm. 2006; Plummer 1900; Zuberbuhler 1984).  Fire-tolerant, shade-intolerant species such as ponderosa pine (Pinus ponderosa) are being overtopped by fire-intolerant, shade-tolerant species such as grand-fir (Abies grandis), and open meadows are being encroached by conifer species.  The mosaic of forested and open habitats forged by fire is in the process of being replaced by forested habitat that is denser and more contiguous, with the result that the open environments that encouraged the growth of diverse graminoid-forb understory plant communities have been reduced to a few remaining meadow systems and rocky outcrops.  Three element occurrences on the  Gifford Pinchot National Forest, and 5 on the Mt. Hood National Forest are are located within land allocations that limit timber harvest, such as Late Successional Reserves (Table 1).  On a 1988 site re-visit report, “possible encroachment of Veratrum californicum” is listed as a threat to S. sarmentosum at Little Crater Meadow.   In addition, the grazing permittee at Little Crater Meadow took 8 years of non-use between 1996 to 2008; as a result, no livestock grazing occurred at this site during those years.  During this time S. sarmentosum was difficult to locate at Little Crater Meadow due to the competing vegetation that grows on average of 2.5 feet in height in some areas of this meadow (Fissell 2008).  

		8.  Climate Change
The potential effects of climate change upon Sisyrinchium sarmentosum are unknown.  Since the species is a regional endemic, with narrow ecological amplitude, it may have a limited ability to respond to climate change. If climate change results in changes to habitat or growing season, leading to increased vegetative competition, or altered hydrology, these factors may stress the species, or challenge its ability to adapt to new environmental conditions.  

C.  Species Conservation Objective
The conservation objective for Sisyrinchium sarmentosum is to maintain or increase the numbers, genetic diversity, and distribution of individuals and occurrences throughout the range of the species.  This will be accomplished by conserving all known occurrences of the species on public lands included in this Conservation Strategy, and by implementing appropriate conservation measures. These occurrences will not knowingly be subjected to development or habitat degradation through land management actions, and efforts shall be made to eliminate, ameliorate, or mitigate known threats to the species.  Any new populations discovered on lands included in this strategy will automatically and immediately be conserved under the guidelines of this strategy, and specific management objectives and actions will be developed for each new occurrence.  Due to the low number of occurrences, and restriction to isolated pockets of meadow or meadow-like habitat, the impact of their conservation on other resource utilization activities is expected to be low.  

D.  Selection of Management Areas 
Distribution, Connectivity, and Landscape Considerations
Sisyrinchium sarmentosum has narrow ecological amplitude, and suitable habitat for the species is fragmented and decreasing in amount and extent due to habitat encroachment. As a result, many of the occurrences are geographically and functionally disjunct from one other, with little or no ability to exchange genetic information through cross-pollination. The majority of individuals of this species are concentrated within a few occurrences; however, widely distributed small occurrences comprised of relatively small numbers of individuals are important from a conservation perspective, because they provide a safeguard against chance environmental or human-related impacts.  In addition, although the species has an overall low level of genetic diversity, Raven (2007) found that many of the smaller occurrences sampled in her study possessed unique alleles.  Thus, small, disjunct occurrences potentially store genetic variability that may be important to the long-term survival of the species as a whole.  For these reasons, it is important to conserve all occurrences of this species.    
Surveys, Incidental Detections
Any new occurrences discovered on lands included in this strategy will automatically and immediately be conserved under the guidelines of this strategy.  Specific management objectives and actions will be developed by the field unit hosting the new occurrence, and will be reviewed by the Forest Supervisor, Regional Office Program Leads and/or Interagency Special Status Sensitive Species Program personnel, and USFWS.  

E. Conservation Measures
Habitat requirements and potential threats to this species are moderately well-understood.  The following activities have been identified as conservation measures available to address
some of the human-caused or human-controllable threats to the species on public lands
covered by this Conservation Strategy. If an occurrence is threatened, one or more of
these activities will be employed to conserve the species. Monitoring will be needed to determine whether conservation measures and mitigations are effective (see further discussion of monitoring in Section V. Inventory, Monitoring, and Research).  

Actions to reduce threats
Livestock and Wild Ungulate Grazing
Ensure plants have the opportunity to set and release seeds on an annual basis by limiting/restricting (i.e. season of use and/or spatial extent) livestock grazing in occupied habitat.  Consider fencing occurrences, or portions of occurrences threatened by grazing.  If fencing is utilized, ensure that livestock exclosures are of sufficient size to allow for natural ecological processes to occur within exclosures, such as wild ungulate grazing. By allowing plants to regularly reproduce seed, we maximize opportunities for sexual reproduction and maintenance of current levels of genetic diversity.  

Potential actions:
· Install fencing designed to exclude livestock.
· Reduce livestock numbers.
· Alter grazing regime (i.e. livestock number; grazing timing, duration, extent). 
· Alter boundaries of grazing allotments, or close grazing allotments.

Invasive Plants
Conduct invasive species control efforts in occupied and suitable habitat, using an adaptive management strategy* that monitors and updates activities to maximize their efficacy.  Carefully consider the risks vs. benefits of herbicide vs. manual methods of treatment within habitat occupied by S. sarmentosum.  *Note:  Adaptive management refers to an iterative decision- making process that adjusts management based on monitoring data (see Definition of Terms used, and further description of the use of this strategy in the context of S. sarmentosum conservation in Section VI: Adaptive Management).  



Potential actions:  
· Implement integrated invasive plant management (including prevention, periodic inventories, early-detection-rapid-response (EDDR), and treatment with herbicide, manual, biological, or other approved techniques).
· Practice active restoration by planting native species in disturbed habitat at risk of invasion by invasive species.
· Prevent ground-disturbing activities that will create potential invasive habitat.

Hybridization
Work towards increasing understanding of the threat posed by hybridization to S. sarmentosum, by exploring the extent, trends, and causes.  

Potential actions:
· Continue genetic studies with the goal of clarifying relationships between S. idahoense and S. sarmentosum, and between occurrences (de facto populations) of S. sarmentosum.  Information gained through such studies will likely inform management of the species.
See Section V. Inventory, Monitoring, and Research for specific recommendations. 
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Eliminate impacts from camping, recreation, and motor-vehicle access within occupied and suitable habitat.  

Potential actions:  
· Post signs.
· Remove and rehabilitate areas with fire rings or other signs of impactful recreation.
· Install boulders, fencing, gates, or other barriers to prevent motor-vehicle access to habitat.
· Revise Forest Plans when S. sarmentosum conservation conflicts with management direction.
· Conduct environmental education designed to increase public awareness of special habitats.  This may involve periodic patrols of occupied habitat to detect impactful behavior, and disseminate information to recreationists.  

Habitat-Disturbing Management Activities
Conserve all known occurrences of the species on public lands included in this Conservation Strategy.

Potential actions: 
· Conduct pre-project surveys in habitat (preferably during the S. sarmentosum blooming period) to increase the probability that occurrences are detected.  
· Evaluate potential impacts of habitat-disturbing activities on S. sarmentosum occurrences and habitat.
· Implement management activities (including prescribed fire) within S. sarmentosum occupied habitat only when the benefit to the occurrence is considered to be greater than the impact to the occurrence (i.e., loss of individuals or habitat).  Short-term impacts from management activities to occurrences and habitat may be permitted if long-term benefits are expected.  Under no circumstances should management activities threaten the persistence and/or viability of an occurrence.  
· Create no brushing/no parking zones around roadside occurrences. 

Other opportunities or actions  
Plant and Habitat Conservation
Maintain or improve occupied and suitable habitat. 

Potential actions:
· Implement habitat restoration projects that maintain the open conditions of occupied and suitable habitat by removing small trees and shrubs. When appropriate to meet site specific occurrence recommendations, consider removing larger trees in meadow habitat, preferably over spring snowpack to minimize meadow damage.  If possible, restore or mimic natural processes that maintain and create habitat.  
· Maintain and expand unoccupied habitat in areas that could link current occurrences using the same techniques mentioned in the first bullet.  
· Avoid seeding non-native species in or adjacent to occupied or suitable habitat.  
· Consider conducting low-intensity prescribed burns mimicking historical seasonal patterns that may help maintain open habitat conditions favorable to S. sarmentosum; however, this activity does pose a risk to S. sarmentosum, and habitat restoration projects involving fire should be implemented only when the benefit to the occurrence is considered to be greater than the impact to the occurrence (i.e., loss of individuals or habitat).  Seed from S. sarmentosum occurrences potentially impacted by prescribed burning should be collected and banked in order to provide an option for re-establishment of the occurrence in the event that the occurrence is harmed.   Since any restoration approach involving fire would be experimental, it should be accompanied by pre and post treatment monitoring.  
· Re-establish native plants, as necessary, after implementation of habitat-disturbing  management activities.
· Complete or revise Late Successional Reserve Assessments or Forest Plans, when S. sarmentosum conservation conflicts with management direction.
· Consider opportunities for augmentation or expansion of occurrences (using seed or seedlings) for the purpose of creating functional linkages between occurrences and expanding occurrences into what we understand to be historical habitat.   

Ex situ Plant Conservation
Conserve genetic resources, and increase opportunities for restoration.  

Potential actions:  
· Implement a regime of periodic seed collection from each occurrence, for banking at Center for Plant Conservation (CPC) recognized seed banks in Oregon and Washington.  This will insure that, in the event of a catastrophic disturbance to an occurrence or multiple occurrences (such as a large, high-intensity wildfire), genetically appropriate individuals may be re-introduced.  Collections will be done in accordance with CPC protocols.  

Management Collaboration
Work across administrative boundaries to conserve S. sarmentosum.  

Potential actions:  
· Develop opportunities for collaborative habitat management on public land to increase the amount of habitat suitable for the species and to link isolated populations with one another.
· Leverage funds and expertise for conservation activities by creating partnerships, and coordinate funding.  

Climate Change
Maximize the capacity of occurrences to meet the challenges of climate change (i.e., maintain or increase resiliency of occurrences).  

Potential actions:
· Consider opportunities and need for assisted migration when planning/implementing habitat conservation activities.
· Conserve genetic diversity by maintaining an ex-situ plant conservation program.
· Introduce plants into unoccupied suitable habitat or augment extant occurrences.
· Conduct research into the effects of climate change on this species (see Research section). 
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In order to achieve species conservation objectives, occurrence-specific management objectives have been formulated, based on occurrence-specific information, including current status, population and habitat trends, and known threats.  The conservation measures outlined in section D are then used to develop occurrence-specific management activities designed to fulfill these management objectives. The proposed management activities are intended to be flexible and adaptable; monitoring (discussed in Section V) will feed into an iterative adaptive management process, which will allow management activities and methods to be adjusted, as needed.  

General Management Actions
To be implemented on all National Forest sites

Some management actions should occur at almost all localities on National Forest system lands, in order to help provide for the viability of the species. (At WNHP EO 23, site must be verified first, so none of these management actions apply to that site yet). 

1. Starting in 2011-2012, annually visit each occurrence, conduct a census or sample using a method allowing for repeatable quantification of plant numbers, survey for invasive plants at the site and along commonly used access routes, and evaluate habitat encroachment by trees, shrubs, or other competing vegetation.  Update invasive plant treatment plans based on findings as well as occurrence-specific management activities.
2. Treat any invasive plants within occupied and suitable S. sarmentosum habitat in the area, using integrated invasive control techniques, with the goal of annually reducing infestations and preventing new ones until mature vegetative infestations are eliminated by the end of 2020 (seed bank will remain, and maintenance treatment of seedlings beyond 10 years will be necessary to prevent seedlings from maturing and producing seed).  
3. Establish seed bank goals in coordination with Oregon and Washington Center for Plant Conservation (CPC) seed banks.  Make seed collections once every three years, as needed, for banking at a Center for Plant Conservation (CPC) approved seed bank in Oregon or Washington, in order to build adequate supplies for conservation purposes,  according to CPC standards.  Alternate collections every three years between the two CPC seed banks.  Consider sending ‘back up’ seed collections to the National Center for Genetic Resources Program (NCGRP) in Colorado.  After seed bank goals have been achieved, complete periodic collections in order to maintain supplies.  The frequency of collections will be determined through coordination with the CPC seed banks.  
4. Maintain environmental conditions of occupied and suitable habitat.  Annually monitor management activities and stochastic natural events to ensure that environmental conditions remain suitable for S. sarmentosum.  


USDA Forest Service
Gifford Pinchot National Forest

Note:  South Prairie, Cave Creek, Peterson Prairie, and Lost Meadow occurrences are all within the Ice Caves Grazing Allotment.  An Environmental Assessment of this allotment was completed in 2007.  The management decision resulting from this assessment was to allow grazing to continue at decreased numbers, and to implement a number of improvements, including a drift fence to prevent livestock from accessing South Prairie and environs, and an expanded and improved fence at Cave Creek.  The Ice Caves Grazing Allotment permittee has taken non-use since this time, and as of summer 2010, was within the 3rd season of non-use.  

South Prairie (EO9)

Size:  24000-27000 plants (BBG 2000)

Description:  Type locality, first collected in 1893.  Largest element occurrence known, with highest level of genetic diversity, and covers the greatest geographic area.  This element occurrence consists of 8 occurrences (occurrences – in contrast to element occurrences – correspond to management units and NRIS polygons:  see definitions section for explanation of terminology).  Health of plants ranged from poor to good in 1999-2000.  Observations made in 2003-2005 (Ruchty, Scott) found same circumstance.  Plants appear smaller and produce fewer fruits and seeds than in other occurrences (Raven, pers. comm. 2006).  South Prairie originally comprised multiple Washington Natural Heritage Program Element Occurrences that have been combined (EOs 9, 11, 13, 14, 15, 16).  
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A. South Prairie Meadow proper (before consolidation, was WNHP EO 9)
B. Lost Creek drainage, north of the junction of Forest Road 6615 and 6615020, and east of 6615730.  This occurrence is southeast of H.  
C. Swale south and east of junction of Forest Service Roads 6600000 and 6600130 (before consolidation, was WNHP EO 11, and was called “Beaver pond tributary” (Gamon 1991).
D. Roadside occurrence located north of Forest Road 6610000 (before consolidation, was WNHP EO 16, and referred to as “east of South Prairie (Gamon 1991).  
E. Road opening located on both sides of Forest Road 6610000, and east of D (before consolidation, was WNHP EO 14)
F. North of beaver pond (water impoundment) (before consolidation, was WNHP EO 13, and called “north of South Prairie” (Gamon 1991)
G. “West of South Prairie” was WNHP EO 15 (Gamon 1991).  In small grassy opening just west of South Prairie,   ~ ½ mile south of junction of 6615000 and 6615020.  
H. Goose Egg Timber Sale (1/2 mile S of junction of 6615000 and 6621000, on the west side of 6615).  This occurrence is north of G.  Penciled notes on a copy of the original site report indicate that this was considered EO #24, which is inaccurate (this is the EO number of the Bergen Road occurrence).  

Threats:  Livestock grazing; invasive plants (Canada thistle and bull thistle infestation in occurrences A and B, as well as widespread common dandelion in A); motor vehicles; camping; habitat encroachment; habitat-disturbing management activities.  This element occurrence shows little evidence of hybridization.  

Management Objective:   Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  

Management Activities:  
1. Occurrences A-H:  Continue exclusion of livestock grazing (Gifford Pinchot National Forest 2007).  The only circumstance under which livestock grazing may be re-introduced is when and if it is clearly demonstrated, through peer-reviewed monitoring or research, that S. sarmentosum will benefit from livestock grazing.
2. Occurrences A-H:  Control tree and shrub encroachment into meadows and openings by removing existing trees and shrubs (primarily young conifers, including ~ 8- inch diameter lodgepole pine in occurrence A) by the end of 2014, and maintain the open nature of meadows and openings through subsequent hand pulling or clipping of young seedling conifers and shrubs every 1-3 years, as needed. 
3. Occurrences A, B, F:  Annually treat Canada thistle using integrated invasive control techniques, to reduce the infestations every year, with the goal of eliminating the infestations by the end of 2020.   
4. Occurrence A:  Maintain boulder barriers excluding vehicles from South Prairie. Annually monitor whether recreationists have breached boulder barriers, and are driving vehicles into South Prairie.  If evidence of vehicle incursion is found within the meadow, determine entry point, sign it as sensitive meadow habitat, and block further entry.  Ensure camping is prohibited in this area by including the restriction in the Forest Motor Vehicle Use Map, beginning in FY 2011 (i.e. starting with next update).  Note:  Depending on the nature of the point(s) of incursion, blocking further entry may require the use of large equipment and additional boulders.  If this is the case, these actions should be addressed in Forest-level outyear project planning and considered a priority for accomplishment during the subsequent fiscal year.   
5. Occurrence B:  Install gate on Road 6615730, and/or install boulders along road, and consider administrative closure (if necessary) with the purpose of blocking vehicle access to Lost Creek meadows, by the end of 2014 (this action will require NEPA analysis).  Because substantial impacts apparently caused by mountain biking, ORV, and camping have recently (2007) been observed at this site (WNHP database 2009), install signs in FY 2011 indicating sensitive meadow habitat, to discourage camping, ORV use, and mountain biking.  Annually monitor whether recreationists have breached barriers.  If evidence of incursion is found within the meadow, determine entry point, sign it, and block further entry.  Ensure camping is prohibited in this area by including the restriction in the Forest Motor Vehicle Use Map, beginning in FY 2011 (i.e. starting with next update).  
6. Occurrences A, B:  Annually monitor dispersed camping impacts and remove and rehabilitate fire rings or other impacts (such as litter) when found.   Ensure camping is prohibited in this area by including the restriction in the Forest Motor Vehicle Use Map, beginning in FY 2011 (i.e. starting with next update).  
7. Occurrences D, E:  Establish roadside zones where brushing occurs using a method that protects S. sarmentosum occurrences, and establish no-parking zones by the end of 2012.    
8. Occurrences A-H:  If the grazing permit for Ice Caves Grazing Allotment is waived to the Forest Service, allotment suitability should be re-assessed.  

Little Mosquito Lake (EO 10)

Size:  50-150 plants (BBG 2000)

Description:  Small occurrence located at edge of closed road and in what used to be a dispersed campground (before road was closed), and in a boggy site.  Occurrence appears to be in decline (Raven 2003b).  

Threats:  Hybridization; habitat encroachment; camping/recreation; invasive plants(?).  

Management Objective: Increase current numbers by 30 %, and expand the distribution of plants into an expanded meadow system (this will involve control of encroachment within an area to be determined by an interdisplinary team during NEPA analysis) by 2020.  Note:  30% was a subjective number reached through consultation between the author and various reviewers, because it was judged to be a large enough increase to be both detectable and biologically meaningful.   However, the ability to achieve and detect this objective depends on a number of factors.  If necessary, management objectives may be modified (see Adaptive Management Section).   

Management Activities:  
1. Evaluate current level of tree and shrub encroachment in occupied and suitable habitat, and determine desired future condition by the end of 2011. By the end of 2014, complete NEPA to allow for management of the site to meet the desired future condition; implement actions the year following completion of necessary NEPA (no later than 2015).    
2. Post area as a sensitive meadow habitat by the end of 2011, in order to discourage camping.  Ensure camping is prohibited in this area by including the restriction in the Forest Motor Vehicle Use Map, beginning in FY 2011 (i.e. starting with next update).  
3. Augment occurrence, after habitat restoration, through facilitated seed dispersal (from seed bank) and/or seedling out-planting (generated from stored seed and/or collected vegetative material grown out in a greenhouse setting) by the end of 2020.  Monitor the survival of introduced S. sarmentosum plants (if using transplants) or emergence of seedlings following facilitated seed dispersal.  

Cave Creek (EO 12) 

Size:  7500-10000 plants (BBG 2000)

Description:  Second largest occurrence known.  Composed of two sub-occurrences; largest spread over 25 acres.  Plants reported as vigorous and healthy in 2000 (Raven 2003a).  

Threats:  Livestock grazing; invasive plants (Canada thistle, tansy ragwort, houndstongue); treatment of invasive plants (Ruchty 2006); habitat encroachment; motor vehicles; camping/recreation; hybridization (a few small patches of apparently hybridized plants have been observed (Raven 2003b).  

Management Objective: Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  

Management Activities:  
1. Exclude livestock grazing.  The only circumstance under which livestock grazing may be re-introduced is when and if it is clearly demonstrated, through peer-reviewed monitoring or research that S. sarmentosum will benefit from livestock grazing.  
2. [bookmark: OLE_LINK9][bookmark: OLE_LINK10]In the event that grazing within Ice Caves Grazing Allotment (Gifford Pinchot National Forest 2007) resumes, repair, or replace and expand, existing livestock exclosure fence to incorporate all S. sarmentosum individuals on the north side of Forest Road 8631000 (the 2007 Ice Caves Grazing Allotment Environmental Assessment and Decision Notice provides completed NEPA for this action).  
3.  If the grazing permit for Ice Caves Grazing Allotment is waived to the Forest Service, allotment suitability should be re-assessed.  If allotment is closed as a result of re-assessment, either repair or remove fencing, and install boulder barrier along meadow edge to prevent vehicle incursions by the end of 2014 (supposition is that the Gifford Pinchot National Forest will have determined whether the allotment permit has been waived to the Forest Service by 2011).   Boulder placement will require NEPA analysis. 
4.  Discourage camping within Cave Creek meadow system by posting area as sensitive meadow habitat.  Ensure camping is prohibited in this area (both north and south of Forest Road 8631000, where it borders meadows hosting S. sarmentosum), by including the restriction in the Forest Motor Vehicle Use Map, beginning in FY 2011 (i.e. starting with next update).  
5. Evaluate current level of tree and shrub encroachment in occupied and suitable habitat, and determine desired future condition, by the end of 2011. By the end of 2014, complete NEPA analysis to allow for management of the site to meet the desired future condition; implement actions the year following completion of necessary NEPA (no later than 2015).    

Little White Salmon (EO 18)

Size:  500-1000 plants (BBG, L. Karst 2000)

Description:  Occurrence dense; may be completely hybridized (Raven 2006a).  

Threats:  Hybridization; invasive plants; habitat encroachment; camping/recreation. 

Management Objective:  Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  

Management Activities:  
1. Evaluate current level of tree and shrub encroachment in occupied and suitable habitat, and determine desired future condition by the end of 2011. By the end of 2014, complete NEPA analysis to allow for management of the site to meet the desired future condition; implement actions the year following completion of necessary NEPA (no later than 2015).    
2. Ensure camping is prohibited in this area by including the restriction in the Forest Motor Vehicle Use Map, beginning in FY 2011 (i.e. starting with next update).  

Peterson Prairie (EO 19)

Size:  1400 (BBG, L. Karst 2000)

Description:  Occurrence is located in both lobes of Peterson Prairie, a small natural meadow; the occurrence appears to be partially hybridized.  

Threats:  Livestock grazing; hybridization; habitat encroachment; motor vehicles.  

Management Objective: Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  

Management Activities:  
1. By end of FY11, restrict motor vehicle access into this fenced meadow system to the minimum trips needed to conduct cattle round-up (allotment permittee) or essential Forest Service administrative functions.  Fence maintenance should not be conducted by driving the inside perimeter of the fence, but rather by walking and carrying necessary supplies. Implement restrictions by the end of FY11.   
2. If the grazing permit for Ice Caves Grazing Allotment (Gifford Pinchot National Forest 2007) is waived to the Forest Service, allotment suitability should be re-assessed.  
3. In the event that grazing is resumed within the Ice Caves Grazing Allotment (Gifford Pinchot National Forest 2007), limit livestock use of meadow to after S. sarmentosum plants have set and released seed (i.e., end of grazing season round-up).  
4. Evaluate current level of tree and shrub encroachment in occupied and suitable habitat, and determine desired future condition by the end of 2011. By the end of 2014, complete NEPA analysis to allow for management of the site to meet the desired future condition; implement actions the year following completion of necessary NEPA (no later than 2015).    

Cayuse Meadow (EO 20)

Size:  100 (J. Scott, A. Raven 2004) – 200 plants (M. Stein, S. Churchill 1988)

Description:  Occurrence was thought to have been covered with a layer of silt resulting from nearby clear-cut logging, but was relocated and found intact in 2004 (site with siltation not observed).  Occurrence presently appears to support a population similar in size to that reported by Gamon in 1991 (~ 200 plants over 0.3 acres).  Based on anecdotal observation, this population appears to be stable and unhybridized (Raven and Ruchty 2004).  

Threats:  Camping/recreation are potential threats (impacts not recently observed); livestock (sheep) grazing was previously considered a threat, but this allotment was permanently closed in 2008.   

Management Objective: Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  

Management Activities:  None specific to this occurrence (implement general management actions).

Pine Tree Springs/Aiken Lava Bed (EO 23)

Size:  No plants found in 2000 (BBG).  Site likely a misidentification (Scott 2004).  

Description:  In 2000, site appeared too dry to host S. sarmentosum (Raven 2003b).  Scott (2004) observed that the site does not appear to provide appropriate habitat to support species.  It is likely that Juncus ensifolius was misidentified as S. sarmentosum.  

Threats:  Site likely a misidentification.  

Management Objective: Determine whether S. sarmentosum occurs at site.  

Management Activities:  
1. Monitor occurrence for 5 consecutive years, beginning in 2011 during S. sarmentosum blooming period, to determine presence/absence.  If species is not found, update database record to show that site is either extirpated or was a mis-identification.    If species is found, develop management objective and actions to address occurrence needs.

Falls Creek Horse Camp (EO 25)

Size:  1000+ plants (J. Scott 2004)

Description:  Occurrence is located in open areas along road and entrance into Horse Camp.

Threats:  Motor vehicles; camping/recreation; habitat encroachment; invasive plants (Scott 2004); treatment of invasive plants (Ruchty 2006).  

Management Objective:   Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  

Management Activities:  
1. Evaluate the level of encroaching vegetation and potential for habitat expansion by 2012.  By the end of 2015, complete NEPA analysis to allow for management of the site to meet the desired future condition; implement actions the year following completion of necessary NEPA (no later than 2016).    
2. Evaluate equestrian horse use impacts on occupied and suitable habitat by the end of 2012; determine a desired future condition and prepare an action plan by the end of 2013 (incorporate into NEPA analysis).  
3. Post signs to encourage recreationists to stay on roads and trails, and to discourage horse grazing along roadsides and within forest opening adjacent to roads within the horse camp by the end of 2011.   
4. Ensure that chemical treatment of invasive species along Forest Road 6500000, if it occurs, is done using an herbicide and methodology that prevents impacts to S. sarmentosum located along road edge adjacent to Falls Creek Horse Camp.  

Lost Meadow (No EO yet assigned)

Size:  30 plants (A. Ruchty 2004)

Description:  Occurrence is located in meadow with substantial invasive plant infestation.  The occurrence appears to consist primarily of hybridized plants (Ruchty 2005).  

Threats:  Livestock grazing; invasive plants; camping/recreation; motor vehicles; hybridization.

Management Objective: Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  

Management Activities:  
1. Reinforce berm closure on Forest Road 2420041 by the end of 2014 (vehicles readily drive around berm at present).  This action will require NEPA analysis.  
2. If the grazing permit for Ice Caves Grazing Allotment (Gifford Pinchot National Forest 2007) is waived to the Forest Service, allotment suitability should be re-assessed.  
3. In the event that grazing is resumed within the Ice Caves Grazing Allotment (Gifford Pinchot National Forest 2007), exclude livestock grazing from Lost Meadow by fencing the meadow by the end of 2014 (action will require NEPA analysis).  
4. Discourage camping within Lost Meadow by posting area as sensitive meadow habitat.  Ensure camping is prohibited in this area, by including the restriction in the Forest Motor Vehicle Use Map, beginning in FY 2011 (i.e. starting with next update).  

Mt. Hood National Forest

Little Crater Meadow (EO 1)

Size:  1500 (ORNHIC 1988) – 3000 (Raven 2002, Karst 2002) plants  

Description:  Occurrence is located in a grassy meadow.  Plants appear healthy (Raven 2003b).  Management of this site is complex, as it is located directly adjacent to a popular campground, and is within an active grazing allotment.  

Threats:  Livestock grazing and trampling (ORNHIC 2010); human trampling (recreation); possible habitat encroachment (Lebo 2006); competition with competing native vegetation (Fissell 2008).  

Management Objective:   Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  

Management Activities:  
1.	Repair the following range improvements by no later than the end of FY 2011: a) those livestock fences, gates, and stiles at Little Crater Meadow that are necessary to successfully exclude cattle from Pasture 4B and the pasture area encompassing Little Crater Lake and the Campground, and b) all the exterior fences associated with Pastures 1, 3 and 5, in order that livestock movement may be effectively managed.  
2.	Since the last population survey was conducted in 1988 and before cattle turnout in 2011, all areas within Pastures 1, 3, 4B, 5 and the fenced meadow areas around the campground and Little Crater Lake will be surveyed for S. sarmentosum and locations of plants documented by GPS.   A minimum of 80% of the documented individuals will be protected from grazing through the use of fencing.  Livestock use will be completely excluded, at a minimum, from pasture 4b and from the area adjacent to Little Crater Meadow campground that incorporates the trail to the lake and the lake itself.  Based on 1988 data (Kemp 1988), these two areas encompass the majority of S. sarmentosum individuals within Little Crater Meadow.   If these two areas do not contain the minimum of 80% of plants then fencing of the meadows will be adjusted to meet this minimum requirement.  Pastures 1, 3 and 5 can be utilized by the permittee during fall gathering of cattle (which generally occurs in mid-September).  Monitoring of grazing and recreation impacts to existing populations will occur and, if necessary, additional restrictions (i.e. fencing or exclusions) may be implemented to protect the individuals/populations (80%) identified for protection. Data collected from monitoring efforts will be utilized in the Wapinitia Grazing Allotment Management Planning process, scheduled to begin in 2012. 

      Because Little Crater Meadow is a uniquely complex site in terms of site management, there is a recognized need to gain additional information through the establishment of statistically robust (sound statistical), long-term vegetation monitoring, with emphasis on gaining information about habitat and management conditions necessary to maintain and/or expand S. sarmentosum within Little Crater Meadow. These data may trigger an update to site management activities if they demonstrate that doing so will contribute to meeting the management objective for S. sarmentosum at Little Crater Meadow and the overall species conservation objective (see further discussion of monitoring/research needs at Little Crater Meadow in Section V, parts B and C).  Note:  As a part of the adaptive management approach, new scientific findings that substantially change understanding of the species or its habitat, or situations where management or monitoring objectives and/or activities require modifications in order to meet the species conservation objective will trigger a Conservation Strategy revision following the 5-year review of the Conservation Strategy.     
3.	Fences in the Little Crater Meadow area will be monitored and repaired prior to cattle turn-out and also prior to fall gathering.  Throughout the grazing season the area will be monitored for breaches by livestock (as evidenced by visual observation of cattle in the meadows) and a requirement that the permittee be directed to remove cattle within 24 hours of reporting and to find and repair the breach.    
4.	By the end of FY 2011, signs will be posted to encourage recreationists to stay on boardwalk and trails at Little Crater Meadow.  Failure of recreationists to comply with notices may result in the implementation of a recreational area closure (forest order) to protect identified individuals/populations (80%).  
5.	Meadow encroachment by conifers and other trees may be occurring along the perimeter of the large meadow complex.  Evaluate encroachment threat by the end of FY 2011, and create an action plan by the end of calendar year 2012.  Management actions that may be considered include mechanical thinning by hand of competing trees, low-intensity prescribed burns (if feasible and if range improvements can be protected without undue disturbance), and other actions that serve to maintain open habitat conditions favorable to S. sarmentosum at Little Crater Meadow.  Because these activities could pose a risk to S. sarmentosum, habitat-restoration projects involving fire should be implemented only when the long-term benefits to the occurrence are considered to be greater than the short term impacts (i.e., loss of individuals or temporary loss of habitat suitability).  Seed from S. sarmentosum occurrences potentially impacted by prescribed burning should be collected and banked in order to provide an option for re-establishment of the occurrence in the event that plants are destroyed.  Sufficient supplies of seed should be in storage prior to the introduction of fire.  Seed should not be collected the year prescribed burning occurs to allow for the opportunity for natural regeneration.  Since any restoration approach involving fire would be experimental, it should be accompanied by monitoring.
6.	Continue to conduct domestic livestock utilization monitoring, placing additional transects in occupied S. sarmentosum habitat.


Collawash River (EO 2)

Size:  500 plants (ORNHIC 1989, L. Karst 2002) apparently all hybrids 

Description:  Occurrence located in open, moist meadow.  Collawash River EOs 2 & 3 are located across the road from each other and should probably be considered one EO (Raven 2003b).  

Threats:  Hybridization (Karst and Wilson 2002); invasive plants, including proposed treatment of invasive plants and aerial fertilization of surrounding plantation forests; habitat encroachment (Lebo 2006b).  

Management Objective:   Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  

Management Activities: 
1. Visit the site, determine the status of the population, and identify potential threats.  Outline management actions and timelines needed to address the threats by the end of 2011. 
2. Confer with district Silviculturist by end of 2011 to stop aerial fertilization of adjacent conifer stands, if such activity is occurring. 
3. Evaluate habitat encroachment threat by end of 2011.  Based on the results of this evaluation, consider conducting low-intensity prescribed burns to maintain open habitat conditions favorable to S. sarmentosum.  Because this activity does pose a risk to S. sarmentosum, habitat-restoration projects involving fire should be implemented only when the long term benefits to the occurrence are considered to be greater than the short term impacts (i.e., loss of individuals or temporary loss of habitat suitability).  Seed from S. sarmentosum occurrences potentially impacted by prescribed burning should be collected and banked in order to provide an option for re-establishment of the occurrence in the event that plants are destroyed.  Sufficient supplies of seed should be in storage prior to the introduction of fire.  Seed should not be collected the year prescribed burning occurs to allow for the opportunity for natural regeneration.  Since any restoration approach involving fire would be experimental, it should be accompanied by monitoring. 
4. Develop invasive plant management strategy by end of FY11. Treat invasive plants annually, beginning in 2012.  
5. Shield S. sarmentosum plants from herbicide treatments and monitor following treatments to ensure shielding was effective. 

Collawash River (EO 3) 

Size:  120 plants (ORNHIC 1989)

Description:  Occurrence located along dry edges of an open, wet meadow, with scattered shrub clumps.  

Threats:  Hybridization (Karst and Wilson 2002); invasive plants, including proposed treatment of invasive plants and aerial fertilization of surrounding plantation forests; habitat encroachment (Lebo 2006b).  

Management Objective:   Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  

Management Activities: 

1. Implement same management actions listed for Collawash River (EO 2). 

High Rock (EO 4) 

Size:  4 (BBG 2002) - 200 (ORNHIC 1989) plants

Description:  Plants are reported from 3 scattered sub-occurrences along ½ mile of stream bank in 1989 (Kemp 1989); only 4-5 plants relocated in 2002 (Raven 2002).  Lebo visited site in June and July 2010; no plants were relocated.  Occurrence is located in a string of small meadows in a ravine.  Occurrence appears to be in extreme decline (Raven 2003b).  

Threats:  Occurrence is apparently getting drier, and the canopy is closing (Raven 2002).

Management Objective:   Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  
  
Management Activities:
1. Visit the site, determine the status of the population, conduct a habitat evaluation, and identify potential threats.  Outline management actions and timelines needed to address the threats by the end of 2011. 
2. If habitat evaluation indicates that encroachment, invasive species, etc. are a threat to the occurrence, conduct all necessary environmental analysis by the end of 2012, and begin project implementation by the end of 2013.    

SE of Alder Swamp (EO 5)

Size:  300 plants (ORNHIC 1992)

Description:  Occurrence occupies approximately 110 X 50 ft. area in a small, dry meadow (ORNHIC 2010).  

Threats:  Unknown. 

Management Objective:   Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  
 
Management Activities:  
1. Visit this site and determine the status of the population and identify potential threats.  Outline management actions and timelines needed to address threats by the end of FY 2011.  

Timothy Lake (EO 6)

Size:  200-300 plants reported in 1992; no plants relocated in 2002 (ORNHIC 2010); Karst reported finding ~ 5 plants in 2002; Raven found ~ 30 plants in 2008; Lebo located ~ 12 plants in June 2010; Bidwell located ~ 40 plants just east of Lebo’s observation during 2010. 

Description:  Occurrence originally reported as consisting of approximately 8 clumps in two sub-occurrences.  Occurrence appears to be in extreme decline (Raven 2003b).  

Threats:  Livestock grazing; encroachment; recreation (trampling by fishermen and other recreationists); invasive plants (potential introduction from human activity); artificial manipulation of Timothy Lake water levels by Portland General Electric; riparian restoration involving planting of Alnus and Salix, which may shade plants (ORNHIC 2010); nearby trail maintenance and footbridge replacements (planned for summer 2010). 

Management Objective:   Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  
 
Management Activities: 
1. In FY11, visit the site, determine status of population and evaluate threats, outline management actions and timeline.
2. Develop management plan for occurrence that prevents/mitigates recreational impacts by end of 2012.  
3. Evaluate the option of installing a fence around the population to exclude recreationists (e.g., campers, fishermen) as well as cattle within the Wapinitia grazing allotment that may roam into the area, by the end of 2013.  A fence may effectively protect the site, excluding human and animal disturbance, or draw unwanted attention (curious onlookers) to the site, risking disturbance of the plants. If evaluation shows that a fence is needed, conduct NEPA analysis by the end of 2014, and build fence by the end of 2015.  After fence construction occurs, conduct annual monitoring of the fence and environs, to ensure that unwanted secondary impacts from recreationists are not occurring.  
4. If habitat evaluation indicates that encroachment, invasive species, etc. are a threat to the occurrence, conduct all necessary environmental analysis by the end of 2014, and begin project implementation by the end of 2015.    
5. Consult with Federal Energy Regulatory Commission (FERC) and Portland General Electric (PGE) to determine changes to activities that will minimize water level fluctuations that could negatively impact S. sarmentosum.  If necessary, change conditions of Special Use Permit, by the end of 2012.  




Pinhead Creek (EO 7)

Size:  58 stems in 1995 (ORNHIC 2010); 0 plants in 2002 (L. Karst 2002); A. Raven located 150 plants in 2008.    

Description:  Occurrence comprises approximately 3 square ft. in area that was coniferous forest along intermittent stream, but was harvested for timber and seeded with non-natives.  

Threats:  Competition from Lotus corniculatus, an invasive non-native (ORNHIC 2010).  

Management Objective:   Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  

Management Activities: 
1. In FY11, visit the site, determine status of the population and evaluate threats. Outline management actions and timeline. 
2. Develop invasive plant management strategy by end of FY11. 
3. Treat invasive plants starting in FY12. 

Lower Lake/Cornpatch Meadows (EO 8)

Size:  1000 plants (ORNHIC 1997, L. Karst 2002)

Description:  Occurrence occupies approximately 150 X 40 ft. area.  This occurrence is the southernmost site for this species.  Plants reported as healthy in 2003 (Raven 2003b).  

Threats:  Occurrence is located adjacent to, and on either side of, a well-used recreation trail.  Trail maintenance, repair, or expansion could impact this population (ORNHIC 2010).  

Management Objective:   Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  

Management Activities:  
1. Site was re-visited during 2010, the stauts of the population determined, and threats evaluated.  
2. Ensure that any planned trail maintenance, repair, or expansion in this area is reviewed and approved by the west side zone Botanist on the Mt. Hood National Forest, by the end of 2011.  
3. By the end of 2012, visit the site and develop proposed action for preventing/mitigating recreational effects upon occurrence (i.e. posting signs, installing railings, etc.).  Develop a recreation management plan.





Clackamas Meadow (No EO yet assigned)

Size:  50-200 plants (C. Horvath 2003)

Description:  Occurrence was first reported in 2003.  Population is located at the drier edges of a wet meadow; a portion of the occurrence adjoins an ephemeral stream (Horvath 2003).  

Threats:  Occurrence is located near a Horse Camp; no threats or management concerns are noted on the original site report (Horvath 2003). 
Management Objective:   Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  

Management Activities:   
1.  Visit the site, determine status of population, evaluate threats and take appropriate action(s) starting in 2010.   
2. Post signs at boundary of horse camp, if necessary to route recreationists away from population, by 2011.  

Palomar Pipeline (site not yet confirmed)
Size:  Unknown (first identified in 2009; Lebo re-visited in 2010, but plants not found; identification needs to be confirmed).

Description:  Unknown.    

Threats:  Pipeline installation, livestock trampling (Lebo pers. comm. 2010).
Management Objective:   Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  

Management Activities: 
1. In 2011, visit site to confirm identification, and to document the attributes of the site.  
2. If site confirmed as S. sarmentosum, then:
a. See General Management Actions needed.
b. Exclude livestock grazing by installing an exclosure fence, or altering grazing permit, by the end of 2013.  The only circumstance under which livestock grazing may be re-introduced is when and if it is clearly demonstrated, through peer-reviewed monitoring or research, that S. sarmentosum will benefit from livestock grazing.  
c. By end of 2012, work with pipeline proponents to re-route pipeline path, or mitigate as needed to ensure continued persistence of the population. 



[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Okanogan-Wenatchee National Forest

William O. Douglas Wilderness (EO 26)

Size:  300+ plants (P. Morrison 1994).  

Description:  Occurrence form reported 300+ clumps, scattered throughout a total area of 200+ acres in wet meadow and seep areas.     

Threats:  Large ungulate grazing, recreation, possible forest encroachment (J. Leingang, pers. comm. 2010).  

Management Objective:   Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  


Management Activities:  
1. Continue to conduct domestic livestock utilization monitoring, placing additional transects in occupied S. sarmentosum habitat by the end of 2012.  
2. Conduct monitoring to establish season of use and percent utilization by elk relative to S. sarmentosum phenology, by the end of 2012.
3. If current grazing management is preventing achievement of the management objective, develop an action plan to modify management by the end of 2013, and fully implement changes to management by the end of FY2015.  
4. Evaluate the degree to which encroaching forest vegetation may be affecting the long-term conservation potential of this occurrence, by the end of 2011.   
5. Evaluate the degree of use and associated effects of equestrian-related activities, including currently permitted outfitter-guide actions, on this occurrence, by the end of 2011.

William O. Douglas Wilderness (EO 27)

Size:  8 plants (D. Visalli 1994).  

Description:  Occurrence form reported 8 plants in an 8X8 ft. area, along a wet streambank of a small, possibly ephemeral stream bisecting a dry meadow (WNHP 2008).    

Threats:  Large ungulate grazing and recreation, possible forest encroachment (J. Leingang, pers. comm. 2010).  

Management Objective:   Maintain or increase numbers and distribution of individuals, and allow completion of the annual life cycle in order to conserve genetic diversity.  


Management Activities:  
1. Continue to conduct domestic livestock utilization monitoring, placing additional transects in occupied S. sarmentosum habitat by the end of 2012.  
2. Conduct monitoring to establish season of use and percent utilization by elk relative to S. sarmentosum phenology, by the end of 2012.
3. If current grazing management is preventing achievement of the management objective, develop an action plan to modify management by the end of 2013, and fully implement changes to management by the end of FY2015.  
4. Evaluate the degree to which encroaching forest vegetation may be affecting the long-term conservation potential of this occurrence, by the end of 2011.   
5. Evaluate the degree of use and associated effects of equestrian-related activities, including currently permitted outfitter-guide actions, on this occurrence, by the end of  2011.

	
TABLE 2:  Summary of Threats, Management Actions, Timelines, and Priority of Implementation, by Element Occurrence and Administrator.  


	EO # 
	EO Name
	Forest
	Threat
	Management Action needed
	FY1
	Priority2

	9
	South Prairie
	GIP
	Livestock grazing
Invasive plants
Motor vehicles

Camping

Habitat encroachment
Habitat-disturbing management activities
	Exclude grazing
Treat plants
Monitor/maintain boulders
Install gates and/or other boulders
Install signs; add site to MVUM map

Remove trees and shrubs
Establish brushing sensitive zones and no parking areas
	07+
11+
11+
14
11

14
12
	H
H
H
H
H

H
      H

	10
	Little Mosquito Lake
	GIP
	Habitat encroachment


Camping/recreation
Invasive plants
	Evaluate need for management
Complete NEPA, implement actions
Augment occurrence w/ seeds or plants
Install signs; add site to MVUM map
Treat plants annually
	11
15
20
11
11
	H
H
M
M
M

	12
	Cave Creek
	GIP
	Livestock grazing
Treatment of invasive plants
Habitat encroachment

Motor vehicles

Camping/recreation
	Exclude grazing
Utilize appropriate herbicide, methods
Evaluate need for management
Complete NEPA, implement actions
Install barriers (i.e. repair fencing or install boulders)
Install signs; add site to MVUM map
	07+
08+
11
15
14

11

	H
H
M
M
M

H


	18
	Little White Salmon
	GIP
	Invasive plants
Habitat encroachment

Camping/recreation
	Treat plants
Evaluate need for management
Complete NEPA, implement actions
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Install signs; add site to MVUM map
	11+
11
15
11
	M
H

M

	19
	Peterson Prairie
	GIP
	Livestock grazing
Habitat encroachment

Motor vehicles
	Implement seasonal use restrictions
Evaluate need for management
Complete NEPA, implement actions Limit administrative and permittee vehicle use of the area
	11+
11
15
11+
	H
M

H

	20
	Cayuse Meadow
	GIP
	Camping and recreation are potential threats, but not currently impacting site.
	No actions at this time.
	
	

	23
	Pine Tree Springs/ Aiken Lava Bed
	GIP
	Likely a misidentification 
	Survey occurrence for 5 years to determine if species is present
	11+
	H

	25
	Falls Creek Horse Camp
	GIP
	Motor vehicles
Camping/recreation
Habitat encroachment

Invasive plants
Treatment of invasive plants
	Post signs to stay on roads and trails
Evaluate horse impacts/develop plan
Evaluate need for management
Complete NEPA, implement actions
Treat plants
Review yearly treatment plan
	11
13
12
16
11+
08+
	H
M
     M
M
H

	--
	Lost Meadow
	GIP
	Livestock grazing
Invasive plants
Camping/recreation
Motor vehicles
	Exclude livestock 
Treat plants
Install signs; add site to MVUM map Reinforce berm closure
	14
11+
11
14
	H
H
H
H

	1
	Little Crater Meadow
	MTH
	Livestock grazing




Recreation (trampling)
Habitat encroachment
	Repair all fences, gates, stiles
Exclude grazing from pasture 4b and area encompassing campground, trail, and lake (minimum 80% plants excluded from grazing) 
Post signs to stay on trails
Evaluate need for management. Complete NEPA. Implement actions
	11
11



11
12-14
	H
H



H
     M

	2
	Collawash River
	MTH
	Invasive plants

Treatment of invasive plants


Aerial fertilization of nearby stands
Habitat encroachment?
	Develop invasive plant management strategy
Treat plants; shield S. sarmentosum plants from treatments and monitor following treatments.
Stop fertilization of adjacent conifer stands, if occurring.
Visit the site, determine status of population, and evaluate encroachment threat. Outline management actions and timelines.
	11

12+


11

11
	H

H


H

M


	3
	Collawash River
	MTH
	Same as above
	Same as above
	
	

	4
	High Rock
	MTH
	Canopy closing
Invasive Plants?
	Visit the site, determine status of occurrence, and identify potential threats. Outline management actions and timelines.
Conduct NEPA, implement actions. 
	11



13
	H



M

	5
	SE of Alder Swamp
	MTH
	Unknown
	Visit the site and determine status of population and identify potential threats. Outline management actions and timelines
	11
	H

	6
	Timothy Lake
	MTH
	Livestock grazing



Habitat Encroachment




FS trail maintenance and work
Recreation (e.g., trampling by fishermen)
Inundation (fluctuations in water depth of Timothy Lake)
	Evaluate need to exclude grazing and recreationists
Conduct NEPA to construct fence, if needed. Build fence.
Visit the site, determine status of population and evaluate threats, outline management actions and timeline.
Conduct NEPA, implement. 

Post signs/flagging to alert crews

Develop recreation management plan

Work with FERC (Federal Energy Regulatory Commission) and PGE (Portland General Electric) to maintain water levels that do not threaten plants.


	13

14-15
11


14-15
10

12

12

	H

M

H


M
    
H

H

H

	7
	Pinhead Creek
	MTH
	Invasive plants
Other threats?
	Develop invasive plant management strategy
Treat plants
Visit the site, determine status of population and evaluate threats, outline management actions and timeline

	11

12+
11
	H

H
H

	8
	Lower Lake/Cornpatch Meadows
	MTH
	Recreation


FS trail maintenance
	Visit the site, determine status of population, and evaluate threats. Develop recreation management plan.
Annual review of recreational projects by Botanist.
	10

12
11+
	H

H
H

	--
	Clackamas Meadow
	MTH
	Unknown


Recreation (trampling by people and horses
	Visit the site, determine status of population, evaluate threats, and take appropriate action(s).
Post signs to avoid population.
	11


11
	H


M

	--3
	Palomar pipeline
	MTH
	Unknown

Livestock grazing
Construction of proposed Palomar gas pipeline
	Visit the site and determine if the plants are indeed S. sarmentosum. 
Exclude livestock.
Work with Palomar to adjust pipeline route, if need be, to avoid population.
	11

13
12
	H

H
H

	26
	William O. Douglas Wilderness
	OKA-WEN
	Ungulate grazing
Recreation
Encroachment
	Monitoring
Monitoring of use and effects
Visit the site and evaluate.
	12+
11+
11
	H
M
M

	27
	William O. Douglas Wilderness
	OKA-WEN
	Ungulate grazing
Recreation
Encroachment
	Monitoring
Monitoring of use and effects
Visit the site and evaluate.
	12+
11+
11
	H
M
M


	1 Task is meant to be completed by the end of the listed fiscal year.  
2 Task prioritization will be used if lack of funding or personnel precludes completion of all tasks under the proposed timeline.  H = high, M = moderate, L = lowest priority, in comparison to other tasks associated with the same or separate EOs. 
3  Palomar pipeline is an unconfirmed new site; activities are contingent upon  confirmation of species presence.  




V. INVENTORY, MONITORING, and RESEARCH

A.  Inventory
Sisyrinchium sarmentosum is small, cryptic, and may be easily overlooked or misidentified when not in the blooming/fruiting stage, a circumstance that may have led to under-detection during past surveys.  In addition, the wide range of variability within S. idahoense, and the fact that the two species are sometimes found together, may have led to under-detection of the rare species in mixed occurrences.  For these reasons, it is recommended that known occurrences of S. idahoense be re-visited and searched for S. sarmentosum.  Below are listed inventory needs, by National Forest.  

Gifford Pinchot National Forest
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Re-visit the Deadhorse satellite meadow, adjacent to the Service Trail (T9E R6N Sections 10, 11) by the end of 2011 in order to determine presence/absence of S. sarmentosum. 
· Re-visit Dry Creek meadow complex (T9E R6, Sections 10, 15) by the end of 2011 in order to determine presence/absence of S. sarmentosum.  


Mt. Hood National Forest
· Re-visit the suspected occurrence located along the Palomar pipeline corridor in order to determine presence/absence of S. sarmentosum.  The goal is to complete this task during 2011.  

Okanogan-Wenatchee National Forest
Visit and conduct census of S. sarmentosum, if present, in suitable habitat along Russell Ridge, near known occurrence. The goal is to complete this task during 2011.  

B.  Monitoring

Monitoring is a key component of this Conservation Strategy.  Monitoring will be necessary to better understand the current status, trends, and restoration needs of S. sarmentosum occurrences.  In addition, data gathered through monitoring will drive the adaptive management process.  Management actions are intended to be flexible; as monitoring data are collected, management actions will be modified as needed to ensure that management objectives are achieved. Modifications will be implemented only with full consent of the signatories of this plan during a Conservation Strategy Review.    

The following monitoring approaches will be employed as a part of this Conservation Strategy: 

1.  Ecological Status Monitoring
The purpose of ecological status monitoring is to determine trend by tracking numbers of individuals in occurrences over time. Ecological status monitoring is needed in order to allow quick reaction to perceived threats.  

Ecological Status Monitoring Objective:   
To detect a 20% change in Sisyrinchium sarmentosum plant numbers at each occurrence over a seven year period with a 10% chance of a false change error (Type I) and a 10% chance of a missed change error (Type II)*. 
Ecological Status Monitoring Locations:   Monitoring will be conducted at all occurrences (intent is annual monitoring).  If resources limit monitoring of all occurrences on a yearly basis, occurrences shall be prioritized for monitoring by Forest Service staff, in coordination with USFWS.   At a minimum, occurrences will be monitored every other year.  
Ecological Status Monitoring Methods:   Ecological Status Monitoring Methods will be based on a method to be developed in FY 2011.  

In addition, photo-monitoring points will be established at all occurrences, and photos shall be taken in concurrence with Ecological Status Monitoring.  Photo-monitoring will allow detection of ecological changes to habitat (e.g., increase in bare ground, or expansion of invasive species occurrences) that may indicate a need for increased monitoring or management actions.  Vegetation monitoring will also occur at all sites where livestock grazing has been excluded.  
*The ecological status monitoring objective and methodology as outlined in this document may be revised based on the results of a pilot study (scheduled to occur in FY 2011).  

2.  Implementation Monitoring
Implementation monitoring is used to determine if a planned activity was accomplished.  Implementation monitoring will occur during Conservation Strategy reviews, which are every 5 years.   

3. Effectiveness Monitoring 
Effectiveness monitoring is used to determine if an activity achieved stated objectives.  For instance, did invasive control actions actually result in a decrease in invasives?  Effectiveness monitoring is complementary to implementation monitoring.  The need for effectiveness monitoring is indicated by the specific management actions prescribed for each occurrence.  As a part of implementation of this Conservation Strategy, a methodology for data collection specific to different types of management actions shall be developed and used to track effectiveness.  These data shall be summarized for use in Conservation Strategy reviews.   

Two other types of monitoring may be utilized if a future need or opportunity arises:   

4. Validation Monitoring
Validation monitoring is used to determine if the assumptions and models used in the development of management objectives and conservation measures were correct.   This type of monitoring may be prompted during adaptive management reviews and would be addressed through research studies. 

5.  Management Treatment Monitoring
Management treatment monitoring is a tool for determining the effectiveness of trial- management practices, such as specific methods of invasives removal, and is complementary to effectiveness monitoring.  If effectiveness monitoring asks whether an activity achieved stated objectives, management treatment monitoring explores the extent to which objectives were met, and the reasons for the outcome.  This information can inform adaptive management. Management treatment monitoring would be addressed through research studies.  

C.  Research
Although we know much about Sisyrinchium sarmentosum, there are still many important gaps in our knowledge.  Answers to questions relating to persistence and longevity of plants, sexual reproductive rate and success, and the extent of hybridization, are important in terms of understanding risk to the species that might occur as a result of management actions or stochastic environmental change.  Greater understanding of ecological relationships will provide insight into the potential response of this species to climate change, engineered habitat expansion, or pollinator fluctuations.   Potential research questions are listed below. We presume that knowledge gained through systematic monitoring will help to establish research priorities.  

Research Questions (rated in relative terms as HIGH, MEDIUM, or LOW priority)
a. Does Henderson’s treatment of the genus Sisyrinchium capture the phenotypic variation of S. sarmentosum? HIGH
b. Is hybridization between S. sarmentosum and S. idahoense occurring?  If so, to what extent and in what occurrences?  HIGH
c. What constitutes an individual in this species?  The concept of leaf bases and Raven’s “quarter rule” (2003a) has been used to quantify individuals as has the concept of clumps.  Genetic mapping could be used to explore this question.  HIGH
d. What are the dispersal mechanisms used by this species?  MEDIUM
e. Can S. sarmentosum disperse to created habitat in areas adjacent to occupied habitat?  MEDIUM
f. What are the most effective methods of propagation for this species? HIGH
g. What environmental conditions are necessary for seed germination and establishment in natural habitat?  HIGH
h. What is the rate of seedling establishment and survival? MEDIUM
i. What are yearly patterns of growth, flowering, and seed production? MEDIUM
j. What is the reproductive status of known occurrences?  Are seeds viable?  HIGH 
k. What factors limit sexually reproduced seedling survival?  HIGH
l. How long do seeds remain viable in the soil seed bank? This could be experimentally tested by burying pouches with known numbers of pale blue-eyed grass seeds at or near one or more wild population sites.  Pouches could then dig up and remove some of the pouches each year, count the remaining intact seeds, then examine seed viability (perhaps through germination trials).  MEDIUM
m. What environmental factors influence plant size, vigor, and reproductive output?  MEDIUM
n. How long do plants live? LOW
o. Do plants sometimes go dormant? LOW
p. How does plant density vary from year to year? MEDIUM
q. At South Prairie, why are seeds plentiful but small (Raven 2007)?  Are plants consistently smaller at this site than at other sites?  Will this change over time with exclusion of livestock grazing?  MEDIUM
r. How does the development and phenology of plants differ from year to year and from site to site (this may have implications for gene flow)?  MEDIUM
s. What are the pollinators of S. sarmentosum?  Are these the same species that pollinate S. idahoense?  MEDIUM
t. Can bud scars found at the base of plants be used to determine the age of plants?  LOW
u. How might climate change impact S. sarmentosum? MEDIUM
v. How does S. sarmentosum respond to fire?  LOW
w. Is there any level of grazing that is ‘good’ for S. sarmentosum (i.e., increases in numbers, vigor, etc.)?  MEDIUM
x. How does soil moisture change over the growing season?  Answering this question across a diversity of occupied sites may help us better understand what comprises suitable habitat for this species.  MEDIUM
y. Little Crater Meadow is a uniquely complex site in terms of management, as it is located within a popular recreation area, adjacent to a campground, and is part of an active grazing allotment.   At this site, we need to learn more about the current status (numbers and distribution) of S. sarmentosum, opportunities and conditions necessary for sexual reproduction and seedling establishment, and associated vegetation and soils.  This information will help inform site specific management decisions designed to help achieve S. sarmentosum conservation and management objectives (Riegel, pers. comm.. 2010).  HIGH

Recommended Future Study (taken from Raven 2007):  HIGH
1) More thoroughly describe the extent of morphological and genetic variation present in occurrences currently believed to be S. sarmentosum.  Specifically, explore the use of other genetics tests which examine co-dominant markers, such as DNA sequencing or microsatellites.  Sequencing of more conservative regions of chloroplast DNA might prove the most practical and effective; it would be less expensive than developing microsatellites and the chloroplast genome can show hybridization even after many backcrosses.  Other possibilities could include conducting Inter Simple Sequence Repeat (ISSR) analyses (ISSR examines dominant alleles) or examining ploidy levels (since Idaho blue-eyed grass can be either octoploids or duodecaploids and S. sarmentosum is believed to be only duodecaploids).  It might be possible to extract sufficient amounts of DNA from seeds. 
2) If more conclusive information on hybridization is desired, develop a more thorough baseline dataset on S. idahoense genetics.  Examine genetics from at least three S. idahoense populations to obtain a clearer picture of the genetic variability for this taxon and to have a better chance of finding unique alleles.  
3) Perform greenhouse crosses to create first-generation hybridized individuals and examine both the genetics and morphologies of the parents and offspring.  This is only feasible if “known” parents (parents we are fairly certain belong to each species) are available.  
4) Perform a common garden experiment by propagating individuals from morphologically different parents or populations and observe whether the morphological differences persist or disappear when plants are grown together.  Plants could be grown from seed (both species) or vegetatively propagated from rhizomes taken from the field (S. sarmentosum only).  Sisyrinchium sarmentosum plants can produce rhizomes; however, S. idahoense plants do not. 
5) Conduct additional laboratory, greenhouse, and field germination studies using seeds from several S. sarmentosum populations to attempt to obtain a better germination protocol.  Include placement of seeds in pots outside in ambient winter conditions as one treatment.  Include one treatment in the field where seeds are planted and marked (for instance, with plastic toothpicks) and subsequent germination is noted.  It might be useful to repeat some of Henderson’s laboratory germination techniques.  Additional techniques might include excising embryos from the seed coat and nicking the seed coats.  


VI.  ADAPTIVE MANAGEMENT 

The life of this Conservation Strategy will be ten years, after which time the status of
S. sarmentosum, along with the objectives and methods included in the strategy, will
be re-evaluated.  A review of this Conservation Strategy will be conducted every five years, at which time new species knowledge, scientific findings, habitat information, and strategy implementation will be evaluated.  Revision of the Conservation Strategy may follow the five-year reviews to refine the plan or address emerging issues.  

Revision of the Conservation Strategy will be completed after a 5-yr review if: 
· A substantial range change or extension has occurred, or
· A substantial change in Forest Service land-use allocations, or management direction, within the area covered by the Conservation Strategy, or
· A substantial change in population or habitat conditions due to large-scale fire or disturbance that may change our assumptions as to the amount of habitat available and contributing to the persistence of occurrences identified within Conservation Strategy, or  
· New scientific findings that substantially change our understanding of the species or its habitat.  
· Management or monitoring objectives and/or activities require modifications in order to meet the species conservation objective.  

In addition, any new occurrences discovered on lands included in this strategy will automatically and immediately be conserved under the guidelines of this strategy.  Specific management objectives and actions will be developed by the field unit hosting the new occurrence, and will be reviewed by the Forest Supervisor, Regional Office Program Leads, Interagency Special Status Sensitive Species Program personnel, and USFWS.  These changes will be incorporated into the Conservation Strategy through a signed amendment.  

DEFINITIONS OF TERMS USED

Adaptive Management
A continuing process of action-based planning, monitoring, researching, evaluating, and adjusting with the objective of improving implementation and achieving the goals of the selected alternative (USDA & USDI 1994a).  A  structured,  iterative process of decision-making in the face of uncertainty, with the goal of reducing uncertainty over time through monitoring. In this way, decision-making simultaneously maximizes one or more resource objectives and, either passively or actively, accrues information needed to improve future management. Adaptive Management is often characterized as "learning by doing." (Definition adapted from Wikipedia 2010).  

Conserve 
To protect a species or an occurrence of a species through active or passive management for the purpose of ensuring continued persistence and viability of that species or occurrence, or for the purpose of improving the status of the species or occurrence to the point that persistence and viability are ensured.  

Demography 
The study of statistics relating to births and deaths in populations.

DNA, cDNA
DNA is the acronym for deoxyribonucleic acid. DNA is a double-stranded, helical nucleic acid molecule capable of replicating and determining the inherited structure of a cell’s proteins.    cDNA is the acronym for complementary DNA.  cDNA is a DNA molecule made in vitro using mRNA as a template and the enzyme reverse transcriptase.  A cDNA molecule therefore corresponds to a gene, but lacks the introns present in the DNA of the genome.  

Element Occurrence
An area of land/or water in which a species is, or was, present (Master et al. 2001). An element occurrence should have practical conservation value for the species or ecological community as evidenced by historical or potential continued presence and/or regular recurrence at a given location.  Often corresponds with the local population, but, when appropriate, may be a portion of a population or a group of nearby populations. Within this document, this term is specifically defined using the Natural Heritage Network protocol and corresponds to the polygons and associated data compiled and tracked by the Washington and Oregon Natural Heritage Programs.  This term is used in a different sense within this document, than the term “occurrence” (see definition).   

Fragmentation
The loss, division, or isolation of patches of similar habitats at a scale relevant for the species being addressed.  

Gene Flow & Gene Migration
The loss or gain of alleles from a population due to the emigration or immigration of fertile individuals, or the transfer of gametes, between populations. 

Genet
A group of genetically identical individuals that have grown in a given location, all originating vegetatively (not sexually) from a single ancestor.

Genetic Bottleneck
A sharp reduction in the number of individuals of a species, and significant loss of genetic diversity, at a particular place or time. 

Habitat Disturbance
Natural or human caused disturbances that likely may have impacts on the species habitat, its life cycle, microclimate, or life-support requirements.

Individual plants (as used in Raven 2003).
All stems originating from one apparently separate base (a leaf set that is separate aboveground).  The “quarter rule” was used as the working definition of “apparently separate.”  If a distance greater than the diameter of an American quarter (the coin, diameter roughly 2.5 cm) separated the bases of two plants, they were considered to be two plants.  If the bases were closer than a quarter’s diameter, the plants were recorded as being one plant.  

Leaf bases 
A leaf base, used in the context of the genus Sisyrinchium, consists of a set of leaves, which may or may not include a flowering stem, joined together at a single base.

Meiosis
A two-stage type of cell division in sexually reproducing organisms that results in gametes with half the chromosome number of the original cell.  

Monitoring
A process of collecting information to evaluate if objective and anticipated or assumed results of a management plan are being realized or if implementation is proceeding as planned (USDA & USDI 1994a).  

Occupied habitat
 Habitat currently occupied by the species.  

Occurrence(s) 
The boundaries of occurrences are determined/estimated at a local level (i.e., by Forests), and correspond to groups of individual plants and associated habitat that are separated from each other by currently unsuitable habitat; these groups may have a distinct genetic makeup.  The boundaries of occurrences may or may not concur with the boundaries of ‘element occurrences’ (as defined by Natural Heritage Programs).  The term ‘occurrence’ is used in this document in the sense of de facto populations and associated habitat, and are treated as distinct management units.    

Outcrossing
Denotes process of pollen exchange between individual plants (in contrast to self-pollination).  

Persistence
The likelihood that a species will continue to exist or occur within a geographic area of interest over a defined period of time.  Includes the concept that the species is a functioning member of the ecological community of the area.

Ploidy level (duodecaploid, octoploid, etc.).  
The number of chromosome sets within a cell or organism.  Each set is designated as n, so that one set is n = haploid, two sets is 2n = diploid, and so on.  Polyploidy signifies an unspecified number of sets.  Duodecaploid indicates 12 chromosome sets while octoploid indicates 8 sets.  

Potential habitat
Habitat that could be suitable in the future.  For instance, habitat within the range of the species that meets environmental conditions appropriate to support the species, with the exception of specific temporary or changeable conditions that presently preclude suitability.  An example is habitat that would be considered suitable if not for forest encroachment that has created shaded conditions; if the shading were to be reduced through fire or timber harvest, the habitat would become suitable.  

Protandrous 
A condition in which anthers mature and shed pollen before the stigma of the same flower is ready to receive the pollen.  

Ramet
An independent member of a clone (genet).  

Range
The limits of the geographic distribution of a species.

RAPD
Random Amplification of Polymorphic DNA.  The term commonly demotes a method of genetic analysis that utilizes random sections of polymorphic DNA.  With RAPDs, the researcher amplifies (makes many copies of) a random section of DNA.  This allows a researcher to compare genetic makeup using only a small amount of DNA.  RAPDs  is a type of PCR (polymerase chain reaction) technique.  PCR techniques are used to determine genetic relationships, such as in human paternity cases.  

Refugium
An area, usually more or less isolated, which, with respect to fauna and flora, has remained relatively unchanged in contrast to surrounding areas which have been markedly affected by environmental changes or human disturbance; a refuge.  

Rhizomes
A horizontal, underground stem that can send out shoots or roots.  Rhizomes may be thickened and store starch.  

Self-Compatibility (selfing)
Denotes plants that may self-pollinate to produce viable seeds.  

Species Habitat Area
The geographic area identified that requires management to provide for the continued persistence of the species.  May include occupied and unoccupied habitats and sites.

Species of Concern
An informal term referring to a species that might be in need of conservation action.  This may range from a need for periodic monitoring of populations and threats to the species and its habitat, to the necessity for listing as threatened or endangered.  Such species receive no legal protection and use of the term is “species at risk,” which is a general term for listed species as well as unlisted ones that are declining in population.  Canada uses the term in its new “Species at Risk Act.”  “Imperiled Species” is another general term for listed as well as unlisted species that are declining.

Suitable Habitat
Abiotic and biotic environmental conditions within which an organism is known to carry out all aspects of its life history. Also:  habitat that is characterized by environmental conditions that could currently support the species, according to our present understanding of the species’ life- history characteristics.       

Viability
Ability of a wildlife or plant population to maintain sufficient size to persist over time in spite of normal fluctuation in numbers; usually expressed as a probability of maintaining a specified population for a specified period (USDA & USDI 1994a).  

Viable Populations
A population that has the estimated numbers and distribution of reproductive individuals to ensure the continued existence of the species throughout its existing range (or range required to meet recovery for listed species) within the planning area (FSM 2670.5.22, Amendment No. 2600-95-6). A wildlife or plant population that contains an adequate number of reproductive individuals appropriately distributed in the planning area to ensure the long-term existence of the species (USDA and USDI 1994a).  For invertebrate, non-vascular plant, and fungi species, “appropriately distributed” may include the following conditions:  the species is well-distributed, the species is distributed with gaps, or the species is restricted to refugia.  Refer to page 123 in Chapter 3 and 4 of the FSEIS for the Northwest Forest Plan for further clarification.

Viability Provision
A provision contained in the National Forest System Land and Resource Management Planning Regulation of 1982, pursuant to the National Forest Management Act.  This provision is found in 36 CFR 219.19 and reads as follows:  “Fish and wildlife habitat shall be managed to maintain viable populations of existing native and desired non-native vertebrate species in the planning area. For planning purposes, a viable population shall be regarded as one which has the estimated numbers and distribution of reproductive individuals to insure its continued existence is well- distributed in the planning area.  In order to insure that viable populations will be maintained habitat must be provided to support, at least a minimum number of reproductive individuals and that habitat must be well distributed so that those individuals can interact with others in the planning area”.

Well-distributed
Distribution of the species is sufficient to permit normal biological function and species interactions.  This distribution considers life-history characteristics of the species and the habitats for which it is specifically adapted.
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FIGURE 1:  Range and Distribution of Sisyrinchium sarmentosum.  State boundaries shown include Washington and Oregon.   
[image: ]
Polygons indicate occurrence locations, but are expanded for the viewer, and thus do not represent occurrence extent.

FIGURE 2:  Line Drawing of Sisyrinchium sarmentosum by Susan Wilcox.
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