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Preface

Management of this species follows Forest Service 2670 Manual Sensitive species policy and Bureau of Land Management (BLM) 6840 Manual Special Status species direction.  For the Forest Service, management of this species also follows the January 2001 Record of Decision and Standards and Guidelines for Amendments to the Survey and Manage, Protection Buffer, and other Mitigation Measures Standards and Guidelines (USDA and USDI 2001). Management following the 2001 Survey and Manage Record of Decision is considered to meet Forest Service Sensitive Species policy.

Under the 2001 Record of Decision and Standards and Guidelines for Amendments to the Survey and Manage, Protection Buffer, and other Mitigation Measures Standards and Guidelines (USDA and USDI 2001), Corydalis aquae-gelidae is classified as Category A under the latest species list (December 2003; reissued 2014).  Management direction for Category A species requires the Forest Service to conduct surveys in advance of habitat-disturbing activities, and to manage all known sites and minimize inadvertent loss of undiscovered sites. 

This document replaces the 2005 Conservation Assessment developed for this species, and provides guidance under the BLM Oregon/Washington Special Status Species policy and Region 6 Forest Service Sensitive Species policy and direction meeting the 2001 Survey and Manage Record of Decision. Most sections from the 2005 Conservation Assessment have been extensively re-written or replaced. 

Additional information on policy and this species is available on the Interagency Special Status/Sensitive Species website, http://www.fs.fed.us/r6/sfpnw/issssp/.
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EXECUTIVE SUMMARY

Species	Corydalis aquae-gelidae Peck & Wilson (Cold Water Corydalis)
Taxonomic Group Vascular Plants

The goal of this Conservation Assessment is to summarize the most current existing information regarding Corydalis aquae-gelidae, across the species’ known and suspected range on Forest Service and Bureau of Land Management (BLM) lands in Oregon and Washington. This includes information on the classification and description of the species, biology and ecology, conservation, and research, inventory, and monitoring opportunities.  In addition, this document provides information for line officers and managers to utilize in the formulation of options for management activities. 

Corydalis aquae-gelidae is a Region 6 Regional Forester’s and BLM “sensitive” species in Oregon and Washington, and a Forest Service Northwest Forest Plan Survey and Manage Category A species (USDA & USDI 2001, utilizing the December 2003 species list).  Management for this species follows FS Region 6 Sensitive Species (SS) policy (FS Manual 2670), and BLM Oregon and Washington Special Status Species (SSS) policy (6840 Manual), and for the Forest Service, the Northwest Forest Plan Survey and Manage Standards and Guidelines (USDA and USDI 2001) for Category A species.  Management direction for Category A species is to conduct surveys in advance of habitat-disturbing activities, and to manage all known sites and minimize inadvertent loss of undiscovered sites. 

Corydalis aquae-gelidae is a long-lived, deep-rooted, herbaceous perennial vascular plant in the Fumariaceae (fumitory) family.  The species is aquatic to subaquatic, growing in close association with perennial water.  It is most often found growing in gravel or sand substrates in shady conditions along relatively stable stream reaches. This regional endemic species is known from 119 sites in Skamania and Clark Counties in Washington (comprising 27 Washington Natural Heritage Program [WNHP] element occurrences) and 238 sites in Clackamas, Multnomah, Linn, Marion, Lane, and Josephine Counties in Oregon (comprising 62 Oregon Biodiversity Information Center [ORBIC] element occurrences).     

Threats to Corydalis aquae-gelidae include: changes in hydrological patterns that can result from climate change and management activities; management activities that cause a decrease in shading or an increase in stream temperatures beyond the identified upper thresholds of tolerance for the species; management activities that directly impact sites through changing local habitat conditions and;  management activities that create conditions that increase vegetative competition from early seral and invasive species.  More local threats include damage to stems and roots by mechanical equipment, trampling, or herbivory.  Road maintenance and brushing is also a recognized threat at one occurrence. 

Based on the current Survey and Manage Category A status of the species (USDA and USDI 2001, utilizing the 2003 species list), and the previous Survey and Manage Category C status (USDA and USDI 2001 utilizing the 2001 species list), and Category 1 and 2 status (USDA and USDI 1994), pre-project surveys have been conducted prior to habitat disturbing activities where Corydalis aquae-gelidae is documented or suspected to occur within the range of the Northwest Forest Plan since the Survey and Manage Record of Decision was first implemented (USDA and USDI 1994).    In the absence of criteria to designate sites as non-high priority, all sites have been managed as high-priority with the stated goal of providing for site persistence (USDA and USDI 1994; 2001).  Specific management parameters, including no-disturbance buffers, are developed on a case-by-case basis by local managers using guidance provided in the Management Recommendations for the species (Stein 1998) and the 2005 Conservation Assessment (Stein 2005). This status, in combination with riparian reserve protections provided in the Northwest Forest Plan (USDA and USDI 1994) have been effective in protecting sites and habitat, based on limited trend monitoring.    

Although no longer a Survey and Manage species for the BLM, the current BLM westside Resource Management Plans direct the BLM to conduct surveys for sensitive vascular plants prior to habitat-disturbing activities (USDI 2016a, USDI 2016b).  As part of the analysis framework provided to effects writers of the draft and final environmental impact statements addressing the new Plans, protection of sensitive plant sites was assumed to occur on westside Oregon BLM lands, to comply with agency SSS policy (USDI 2015).  

Major considerations for Corydalis aquae-gelidae habitat and viability in Oregon and Washington include identifying adequately-sized buffers around known sites to maintain appropriate light levels, hydrologic function, water temperature, substrate, and vegetation. 

Opportunities to acquire additional priority information which could contribute to more effective species management include surveys in under-surveyed watersheds, evaluating the effectiveness of protective buffers established as protection from habitat-disturbing actions, and determining the impact of habitat-enhancing projects.  


LIST OF TABLES AND FIGURES

Table 1.  Total Corydalis aquae-gelidae Occurrences Recorded in NRIS_TES and GeoBoB on Federal
                Land within the Pacific Northwest Forest Plan Area, and Percentage by Land Allocation

Figure 1a. Corydalis aquae-gelidae growth form.
Figure 1b.  Corydalis aquae-gelidae flowers and fruits.
Figure 1c.  Corydalis aquae-gelidae leaflets.
Figure 2. Distribution of Corydalis aquae-gelidae, an endemic to Oregon and Washington.
















I.  INTRODUCTION
A. Goal
The goal of this Conservation Assessment is to summarize the most current existing information regarding Corydalis aquae-gelidae, including classification and description of the species, biology and ecology, conservation, research, inventory, and monitoring opportunities.  In addition, the document provides information for line officers and managers to utilize in the formulation of options for management activities. This species is of concern due to its restricted distribution, narrow habitat requirements, and threats to occurrences. Federal management for this species follows Region 6 Sensitive Species (SS) and Oregon/Washington Bureau of Land Management (BLM) Special Status Species (SSS) policies, and, for the Forest Service, the January 2001 Record of Decision and Standards and Guidelines for Amendments to the Survey and Manage, Protection Buffer, and other Mitigation Measures Standards and Guidelines (USDA and USDI 2001).   For Oregon/Washington BLM administered lands, SSS policy details the need to manage for species conservation.  For Region 6 SS policy requires the agency to maintain viable populations of all native and desired non-native wildlife, fish, and plant species in habitats distributed throughout their geographic range on National Forest System lands.  Management “must not result in a loss of species viability or create significant trends toward federal listing” (FSM 2670.32) for an identified SS.  Under the 2001 Survey and Manage Record of Decision and the most recent species list (USDA and USDI 2001; 2003 Survey and Manage species list), Corydalis aquae-gelidae is classified as a Category A species with management direction to survey and manage all known sites, and to minimize inadvertent loss of undiscovered sites.  Under BLM Resource Management Plans, pre-project surveys are to be conducted prior to habitat-disturbing activities (USDI 2016a, USDI 2016b), and sites found are assumed to require protection to meet SSS policies (USDI 2015). 

B. Scope
The geographic scope of this assessment incudes the known and suspected range of this Oregon and Washington endemic species on Forest Service and BLM lands within the two states. Substantial new information regarding range and habitat of the species is included in this Conservation Assessment, and we recognize that information updates may be necessary to keep this assessment current over time.  Threats named here summarize known or suspected existing threats, which may also change with time. Management considerations apply to site-specific locations; however some larger scale issues such as population connectivity and range-wide concerns are included.  Uncertainty and inference are acknowledged where appropriate. 

C.  Management Status
NatureServe ranks Corydalis aquae-gelidae with a Global Heritage Rank of G5T3, representing a global condition of vulnerable and at moderate risk of extinction due to very restricted range, relatively few populations, recent and widespread declines, or other factors (NatureServe 2015).  The Oregon Biodiversity Information Center (ORBIC) ranks the species as G3 and S3 in Oregon (considered rare, uncommon or threatened, but not immediately imperiled, typically with 21–100 occurrences). The Washington Natural Heritage Program (WNHP) ranks the species as G3 and S2S3, a rank that indicates that the species is considered vulnerable or imperiled within the state.  The species is also ranked as Heritage List 1 in Oregon, indicating that the species is considered “threatened with extinction . . . . and should be the highest priority for conservation action”, and a Federal Species of Concern (SOC) by the U.S. Fish and Wildlife Service, denoting that there might be a need for conservation action.  Corydalis aquae-gelidae is BLM Sensitive in Oregon (2015) and Washington.  The species is listed as “sensitive” on the Region 6 Regional Forester’s Sensitive Species List (2015) in Oregon and Washington.  For the Forest Service, the species is also a Category A species under the Northwest Forest Plan Survey and Manage standards and guidelines (USDA and USDI 2001), indicating that surveys will be conducted prior to all habitat-disturbing activities on FS lands where the species is thought to potentially occur, with all known sites managed (protected) so as to provide for a reasonable assurance of species persistence throughout the species’ range.   

Past documents summarizing information regarding this species include a 1983 species management guide for the Gifford Pinchot National Forest (Gamon 1983), a 1990 management guide covering the entire known range of the species at that time (Goldenberg 1990), Management Recommendations prepared in 1998 (Stein 1998), and a Conservation Assessment prepared in 2005 (Stein 2005).  

II. CLASSIFICATION AND DESCRIPTION
A. Systematics and Synonymy
Warren C. Wilson first noted Corydalis aquae-gelidae in 1942 along the Tanner Creek Trail in Multnomah County, Oregon. Morton Peck and Wilson described the species in 1956, based on collections made from a population at the confluence of the Clackamas and Collawash Rivers in Clackamas County, Oregon (Hitchcock et al., 1964). Lidén recognizes C. aquae-gelidae as a subspecies of C. caseana (Lidén 1996) and the plant profile in the USDA Plants Database lists C. aquae-gelidae as C. caseana Gray ssp. aquae-gelidae (M.E. Peck & Wilson) Zetterlund & Lidén (USDA Plants Database, accessed June 15, 2015). Kaye (2001) noted that his morphometric analysis of the C. aquae-gelidae and C. caseana species including the Traverse Creek population tends to support Liden’s interpretation of C. aquae-gelidae as a subspecies of C. caseana. The Flora of North America (Stern 1997) treats Corydalis aquae-gelidae as a species rather than a subspecies of C. caseana and we follow that convention here.  Common names of the species include coldwater fumewort and Clackamas corydalis.  

B. Species Description
Corydalis aquae-gelidae is an herbaceous perennial plant, subaquatic to aquatic, from relatively deep roots (see Figures 1a, b, c).  Stems 1–several, hollow, 3–11 dm, succulent. Leaves several, compound, to 6 dm; blade with 4–6 orders of leaflets and lobes; abaxial surface glaucous; ultimate lobes of proximal cauline leaves elliptic to ovate, 5–12(–15) × 1.5–6 mm. Inflorescences racemose or paniculate, 20–70 flowered; bracts inconspicuous, proximal to 10 mm, distal reduced. Flowers ascending or spreading; sepals rounded and irregularly dentate to attenuate-lanceolate with wide base; petals pale to deep pink or lavender, red or purple at tips of inner petals; spurred petal (10–)12–20 mm, spur 9–11 mm, crest conspicuous, wrinkled, marginal wing absent or inconspicuous, unspurred outer petal 10–15 mm; inner petals 7–12 mm, claw 3–5 mm; nectariferous spur 1/2–3/4 length of petal spur; style ca. 3 mm; stigma roughly rectangular, with 8 papillae. Capsules reflexed, narrowly ellipsoid, 8–15 × ca. 3–5 mm. Seeds ca. 2 mm diam. (Stern 1997).  

One of the Conservation Assessment authors (T.F.) notes that plants found on Northwest Oregon District BLM are always on the small end of the spectrum, typically from 12–18 inches (~30.5–46 cm) tall. 

Corydalis aquae-gelidae is most similar in morphology to Corydalis caseana (Case’s corydalis), the range of which extends from northeast Oregon and Idaho to California. Within the range of C. aquae-gelidae, Corydalis scouleri (Scouler’s corydalis) is relatively common but differs by having less dissected leaves with larger leaflets and flowers.



[image: ]
Figure 1a. Corydalis aquae-gelidae growth form.   Photo by Andrea Ruchty Montgomery
[image: ]
Figure 1b. Corydalis aquae-gelidae flowers and fruits.    Photo by Andrea Ruchty Montgomery
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Figure 1c.  Corydalis aquae-gelidae leaflets.      Photo by Andrea Ruchty Montgomery

III. BIOLOGY AND ECOLOGY
A. Reproductive Biology
A number of the tuberous rooted species of the genus Corydalis are known to reproduce vegetatively from offsets, although it appears that C. aquae-gelidae reproduces by seed only (Goldenberg 1990).  No information could be found on pollinators, although bumblebees have been observed on C. aquae-gelidae flowers. It has not been documented as to which pollinators visit the flowers of this species or whether the species is self-fertile; however a closely related species (C. caseana ssp. brandegei) in the genus has been found to receive visits from long-tongued bumblebees (Bombus appositus) and from short-tongued nectar-robbing bumblebees (Bombus occidentalis). Hummingbirds were also seen visiting the flowers but did not pollinate them. The species produces nectar found in the spur and has a mixed-mating system (Maloof 2000).

Corydalis aquae-gelidae typically produces 100–1500 seeds per plant with occasional plants producing up to an estimated 3000 seeds (Goldenberg 1992). When the seed capsules are mature they dehisce explosively, dispersing the seed up to several meters. Dispersion may also be facilitated by a fleshy food body (elaiosome) attached to the seed, which may be attractive to ants (Goldenberg 1992).  Goldenberg (1992) determined that germination occurs when seed is stratified at 3° C (37° F) for a 6–7 month period. If substrates are kept saturated, germination also occurred at temperatures of 17–27° C (63–81° F), much greater than those expected under natural conditions. Conversely, poor germination results when seed is allowed to dry (Goldenberg 1992; Guerrant 1995 personal communication). Seedlings appear to establish readily if a moist substrate of gravely sand is available, but establishment and recruitment are poor in organic substrates or substrates that are not well-watered.

In 2014, monitoring on the Gifford Pinchot National Forest along Compass Creek  found this population to be comprised of 10% seedlings, 18% juveniles, 45% non-reproductive adults, and 26% reproductive adults (n = 1047 plants).  Individual plants for which monitoring was established in 2007 were re-visited in 2014, and out of 19 plants, 7 were not relocated.  Out of the 12 plants relocated, 4 had gone from fruiting in 2007 to vegetative in 2014, 1 had gone from vegetative to reproductive, 4 had remained reproductive, and 2 had remained as non-reproductive adults (Gifford Pinchot National Forest, Mt. Adams District botany files, 2014).  

B. Ecological Roles
Corydalis aquae-gelidae has a relatively high percentage of its biomass stored in the below ground portion of the plant as starch in the tuberous root (root/shoot ration of 2.4–3.8) and a low percentage (8%) allocated to reproductive structures. In addition, the species is long-lived (Goldenberg and Zobel 1997). These qualities are characteristic of “stress tolerators”, slow-growing plants of relatively unproductive environments that allocate a large proportion of their resources to storage and long-term survival.

C. Range, Distribution, and Abundance
Corydalis aquae-gelidae is a regional endemic known from 119 sites in the Forest Service botanical database (Natural Resources Manager [NRM] Threatened, Endangered, and Sensitive Plants [TESP]) in Skamania and Clark Counties in Washington (comprising 27 Washington Natural Heritage Program [WNHP] element occurrences (WNHP 2015)[footnoteRef:2].  In Oregon there are 238 sites in NRM TESP and the BLM database (Geographic Biotic Observations [GeoBOB]) in Clackamas, Multnomah, Linn, Marion, Lane, and Josephine Counties (comprising 62 Oregon Biodiversity Information Center [ORBIC] element occurrences1 (ORBIC 2015)  (Table 1; Figure 2).    [2:  The NatureServe Element Occurrence (EO) data standard used by the Oregon Biodiversity Information Center and the Washington Natural Heritage Program is “the product of a collaboration among NatureServe network scientists to improve the consistency and accuracy of EO data throughout the network. It sets out a standardized vocabulary and definitions and establishes guidelines for the collection and management of EO attribute data as well as their spatial representation on maps. The standards help ensure that locations defined as EOs have practical conservation value and that EO records can be compiled across jurisdictions to contribute to a rangewide picture of conservation status” (www.natureserve.org 2015).  In contrast, determination of appropriate delineations for discrete NRIS-TES or GeoBOB sites are made by Forest Service staff familiar with the observations, and are often based on practical considerations (such as local geography, stream system, etc.) that facilitate re-location, monitoring, and management of sites and habitat.] 


The distribution in Washington is sporadic with most sites occurring in the headwaters and tributaries (stream order 0 to 2) of Canyon Creek, Wind River, and East Fork Lewis River.  Oregon sites are concentrated along the Upper Clackamas River, Oak Grove Fork Clackamas River, and South Fork Eagle Creek, with smaller populations known from the Northwest Oregon District BLM, in the vicinity of Traverse Creek on the Willamette National Forest, and Althouse Creek on the Rogue River-Siskiyou National Forest.  The known range of the species has been substantially extended with the identification of one site consisting of approximately 40 plants on the Rogue River-Siskiyou National Forest in 2013.   All sites in Washington are on federal lands on the Gifford Pinchot National Forest. All sites in Oregon, with the exception of four, are located on federal lands on the Mt. Hood, Willamette, and Rogue River-Siskiyou National Forests, and Northwest Oregon District BLM. One historic site for this species (ORBIC EO code PDFUM03046.5) spans the boundary of the Mt. Hood National Forest and the Columbia River Gorge National Scenic Area, based on a large polygon created by ORBIC to reflect locational uncertainty, estimated at 1500 meters. The centroid of this polygon is mapped on the Mt. Hood National Forest, and in this Conservation Assessment, the occurrence is discussed as occurring on the Mt. Hood National Forest.  The known range of the species may be due, in part, to a lack of survey work on non-federal lands, but it is also likely reflective of the distribution of suitable habitat.  



	
Table 1.  Total Corydalis aquae-gelidae Sites Recorded in NRIS_TES and GeoBOB on Federal Land within the range of the species.  All sites are within Riparian Reserve Land Allocation.


	Gifford Pinchot National Forest
	WA
	119

	Mt. Hood National Forest
	OR
	227

	Rogue River-Siskiyou National Forest
	OR
	1

	Northwest Oregon District BLM
	OR
	7

	Willamette National Forest
	OR
	3

	TOTAL SITES
	Range-wide
	357




D.  Population Trends
Gamon (1991) revisited 26 of 39 sites known to occur on the Gifford Pinchot National Forest in 1990. Sites that occurred in relatively undisturbed habitat were found to be doing well. Sites located within or adjacent to timber harvest areas were found to be in decline as demonstrated by a decrease in the number of plants at these sites. This decline was attributed to increased vegetative competition on the ground, a decrease in light penetration resulting from an increase in dense deciduous tree and shrub cover following timber harvest, and altered hydrology. More recent baseline census counts were conducted along Compass Creek in 2007 and again in 2014 (Gifford Pinchot National Forest, Mt. Adams District botany files, 2007, 2014).  Complete census was completed for 4 out of 5 pre-defined stream segments.  Comparisons of segments 1 (confluence with Trout Creek) through 4 revealed an overall upward trend in plant numbers, with total cumulative counts of 252 plants in 2007 compared to 435 plants in 2014.  Segments 1 and 2 (closer to the confluence with Trout Creek) showed an overall downward trend in numbers (75 plants in 2007 compared to 29 in 2014), but reaches 3 and 4 showed a dramatic increase in plant numbers (158 in 2007 compared to 407 in 2014). The headwaters segment (5) hosted the majority of plants in both years, making it difficult to conduct a complete census.  

The Stone Creek Hydroelectric Project on the Mt. Hood National Forest, which was constructed in 1991–1992 near the mouth of Stone Creek, resulted in the loss of some Corydalis plants during the construction phase. Under the provisions of the Federal Energy Regulatory Commission (FERC) license, Corydalis populations in the 4.7 mile (7.6 km) reach of the Oak Grove Fork between the diversion and powerhouse (diverted reach) were monitored in order to help determine how changes in water levels within the diversion reach would impact the species.  Population census data collected in 1990, 1997, 2000, and 2002 showed that total numbers of plants ranged between 11,177 in 2000 and 15,704 plants in 2002.   Though data suggest that there was little change in the total population over this period, there were apparent changes in distribution, with a decrease in the number of plants in the lower 2.7 miles (4.3 km) of the reach and an increase in the upper reaches to Stone Creek (DES 2001).  Monitoring also revealed that the proportion of juveniles to adults in the population may have been affected by the project, and that recruitment may have been higher prior to construction (DES 2001).   In addition, monitoring revealed that the winter flood of 1996 destroyed some patches of Corydalis along the Oak Grove Fork, but did not appear to cause measurable population changes the next year (CES 1997).  

A subsequent five-year monitoring study (2011–2015) conducted by Portland General Electric along a 4.1 mile (~6.6 km) long reach of the main stem of the Oak Grove Fork of the Clackamas River found total counts of Corydalis plants to have increased from 2,008 in 2012 to 2,725 in 2014 (Clackamas River Hydroelectric Project, FERC Project No. 2195, Cold Water Corydalis Monitoring Program Annual Report for 2014).  Plants typically occur in a patchy and clumped distribution, making distinguishing of individual plants sometimes difficult.  The distribution of adult plants surveyed in 100 ft (~30.5 m) long segments indicates that, despite its absence in numerous 100 ft segments, Corydalis is well-distributed along the 4.1 mile reach.  The Portland General Electric monitoring study is not a demographic study, noting the challenges of accurately counting juvenile plants.  Portland General Electric continued its monitoring study for one additional year (2015) and found a small decrease from 2014 numbers, with a total of 2,543 plants counted along the 4.1 miles of stream surveyed. (Clackamas River Hydroelectric Project, FERC Project No. 2195, Cold Water Corydalis Monitoring Program Annual Report for 2015).  When comparing plant counts by 500-ft (~152 m) survey segments, the authors of the 2015 reports conclude that plant distribution throughout the survey area appears generally consistent among survey years, from 2011-2015.   As reported in the 2012 survey report (as cited in the 2015 report), analysis of data paired by 100-ft survey segment (two-tailed t-test of paired samples) show that there was no significant difference in counts between the 2012 and 2011 data (p = 0.55, mean difference of -0.29, 95% confidence interval = 0.95). However, the same analysis conducted with 2013 data  in the 2014 annual report (as cited in the 2015 report) showed a significant increase in 2013 counts when compared to 2012 counts (p = 0.003, mean difference = 1.41, 95% confidence interval = 0.91). The 2014 results indicate that this apparent increasing trend continued, with 2014 counts significantly greater than 2013 counts (p = 0.002, mean difference = 2.00, 95% confidence interval = 0.96). Finally, although the total 2015 count (2543 plants) decreased from 2014 (2725 plants), the decrease was not significant according to the two-tailed p-test of paired samples (p = 0.123, mean difference = 0.85, 95% confidence interval = 1.08). Overall, when comparing 2012 and 2015 data, cold water corydalis abundance along the main stream channel appears to have increased up to 25 percent (2008 plants to 2543 plants) during this period.

On Northwest Oregon District BLM, sites mostly appear to be stable or increasing.  One of the Conservation Assessment authors (T.F.) reports that of the 7 sites on that unit, one was not re-located during monitoring re-visits in 2014 or 2015.  Of the remaining 6, 2014 data showed that 4 sites were stable in terms of plant numbers, while 2 occurrences had decreased in number.  2015 data showed increased plant numbers at 4 occurrences, 1 occurrence appeared to be stable, and 1 occurrence had decreased in number of individuals.  

According to monitoring on the Willamette National Forest in 2014, 2 of 3 sites appear to be stable in terms of plant number (at the 3rd occurrence, trend was not known).   The McQuade Creek population on the Willamette National Forest survived a regeneration harvest to the edge of the stream, broadcast burning of the unit and 26 years with little canopy cover. The population now consists of approximately 100–150 genets. The distribution of the population prior to harvest is unknown. The steep V-shaped canyon seems to have protected plants from the extreme effects of management activities.

The single site on the Rogue River-Siskiyou National Forest was detected in 2013, and no trend monitoring of the population has occurred.  
E.  Demography
Twelve populations of C. aquae-gelidae were surveyed for genetic variation using Inter-Simple Sequence Repeat markers (Liston and Thorsen 2000).  Populations from the Gifford Pinchot National Forest had the highest levels of genetic variation and populations from the Northwest Oregon BLM District had the lowest levels of genetic variation.  Populations on the Mt. Hood National Forest showed a more complex pattern, with generally intermediate levels of genetic diversity.  One of the sampled populations on the Mt. Hood National Forest (from the Oak Grove Fork of the Clackamas River) was genetically isolated from all other populations and less genetically diverse than other Oregon populations, possibly as a result of a historic population reduction and subsequent genetic bottleneck.  

Demographic studies in Oregon (Goldenberg 1990) found C. aquae-gelidae populations to be comprised of 38% seedlings, 48% juveniles, 3% non-reproductive adults, and 11% reproductive adults.  Based on data and observations on seedling growth rates, it appears that juveniles are 2–5 years old and adult plants remain in a non-reproductive stage for a relatively short period, reaching reproductive maturity in 6–9 years.  Adult plants are long-lived, perhaps 25 years or more (Goldenberg and Zobel 1997).

Monitoring on the Gifford Pinchot National Forest along Compass Creek in 2014 found this population to be comprised of 10% seedlings, 18% juveniles, 45% non-reproductive adults, and 26% reproductive adults (n = 1047 plants).  Individual plants for which monitoring was established in 2007 were re-visited in 2014, and out of 19 plants 7 were not relocated.  Out of the 12 plants relocated, 4 had gone from fruiting in 2007 to vegetative in 2014, 1 had gone from vegetative to reproductive, 4 had remained reproductive, and 2 had remained as non-reproductive adults.  Of the 4 plants that were reproductive in both 2007 and 2014, 3 were taller in 2014 than when measured in 2007, and 2 were larger in terms of square footage occupied (Gifford Pinchot National Forest Mt. Adams Botany files 2007, 2014).   

F. Habitat 
Most sites of Corydalis aquae-gelidae are located within the Western Hemlock Zone (Halverson et al. 1986, Topik et al. 1986) and Pacific Silver Fir Zone (Hemstrom et al. 1982, Brockway et al. 1983), with the exception of the occurrence on the Rogue-River Siskiyou National Forest, which is in the White Fir Zone (Atzet et al. 1996).  Sites are found at elevations ranging from 1350–5207 ft (~411–1587 m), with the highest elevation site also being the most southerly, Althouse Creek on the Rogue River-Siskiyou National Forest (NRM TESP 2015; ORBIC 2015). 

In a study of Corydalis aquae-gelidae habitat on the Mt. Hood National Forest, Goldenberg and Zobel (1999) found that abundance was statistically associated with distance to water, the quality and texture of the substrate, and to the presence of other plants.  They found that this species tends to grow in cool stream reaches with small seasonal flow fluctuations, with maximum abundance occurring from 5 cm below to 20 cm above the summer water level, and within 40 cm horizontal distance to the nearest water surface.  They further observed that optimal water cover was 10–30%, with plants rarely found in water deeper than 20 cm. Optimal substrate was reported to be gravel and sand; substrates rich in organic matter, silt or clay were reported to provide poor habitat for the species. 
	
Goldenberg (1990) reports that Corydalis aquae-gelidae is associated with perennial streams, seeps, and springs, with relatively cold water and a substrate of gravely sand, and are absent from organic substrates such as marshes and bogs.   He found the horizontal distance of individual plants from water ranged from -20–290 cm, with a mean of 37 cm for Oregon populations. Vertical distance from water ranged from -12 cm–95 cm  with a mean of 7 cm, where negative values are below the waterline. The mean water temperature at these sites was 9.6° C (49° F) during the growing season with a range from 5.9–14° C (43–57° F).  He also observed that plants growing in clear-cut units with little or no overstory canopy exhibited small, curled, and discolored leaves as well as reduced seed production and a higher incidence of downy mildew damage. 
[image: ]
Figure 2. Distribution of Corydalis aquae-gelidae, an endemic to Oregon and Washington.  
Data extracted from NRM TESP and GeoBoB databases in December 2015.  
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Subsequent observations on other management units have expanded our knowledge of habitat requirements and/or tolerances.  On the Northwest Oregon District BLM, one of the Conservation Assessment authors (T.F.) reports that populations tend to be associated with headwater seeps and are often found in organic substrates.  On the Willamette National Forest, populations are located at the headwaters of Traverse Creek and associated with a bench adjacent to a spring and in a small perennial stream in the upper reaches of McQuade/Gregg Creek. A Conservation Assessment author (J.L.) reported substrates include soil over gravel, organic sediment, and gravel.  That same author indicated that in McQuade Creek remnant logs are part of the habitat, and that canopy cover is reported from 50–95% for the sites on the National Forest. On the Gifford Pinchot National Forest, one of the Conservation Assessment authors (A.R.M.) notes that plants are often found along abandoned, moist side channels of higher order streams with little to no flow during the growing season; these channels appear to be silted in with depositions of organic material. On the Mt. Hood National Forest, another Conservation Assessment author (D.L.) notes that C. aquae-gelidae populations were found in a variety of substrates along the upper Clackamas River:  sand bars, gravel bars, sediment deposited/impounded beneath large log jams, along the banks of the river, and at the mouths of small streams entering the main stem of the river. 

Light levels appear to be an important determinant of suitable habitat. Gamon (1983) reported that where canopy level approached 100% closure, the number of individual plants decreased as did the incidence of flowering. Goldenberg (1992) observed plants growing within clear-cuts to have yellowed foliage, poor growth and no seedling recruitment. This decline in health, vigor, and reproduction may not only be a factor of intense solarization but also an inability to compete with aggressive pioneer species. Densiometer readings within Oregon populations found canopy closure to range from 0–100% with a median of 84% (Goldenberg 1992). Both Goldenberg and Gamon came to a similar conclusion: that the species seems best suited to habitats in which a high, partial canopy allows sufficient light for growth and reproduction, but hinders the establishment of competing vegetation. 

Sites vary in slope from 90% to flat and most often have an aspect of northwest to northeast, although all aspects have been recorded. Precipitation within the species’ range varies from 1.5–2.5 m annually. 

A past data summary by Stein (2005) reported that Oregon populations are most numerous in headwater areas (stream order 0) and 3rd, 4th, and 5th order streams, but that in Washington most populations are associated with headwaters and 1st and 2nd order streams. At the time, it was speculated that the reason for this difference may be due to the greater number of 3rd, 4th and 5th order streams that occur within the range of Corydalis aquae-gelidae in Oregon.  

Monitoring efforts in 2014 and 2015 along Compass and Layout Creeks on the Gifford Pinchot National Forest have revealed much larger headwaters populations that previously recognized (Mathre pers. comm. 2014; Scott pers. comm. 2015), and the previous impression that the species is more commonly found along 1st and 2nd order streams may be an artifact of incomplete surveys of steep and relatively inaccessible headwater areas on the Gifford Pinchot National Forest in the past.  

On the Gifford Pinchot National Forest, systematic collection of data on habitat hosting representative (but not randomly selected) plants along Compass Creek in 2007 found the following (Ruchty 2007):  

· On average, monitored plants were found under 73% shade (measured with a spherical densiometer); the range was from 56–85%, confirming the importance of shade.  
· Large woody debris structures appeared to be important in establishing and maintaining habitat for the species at 80% of monitored plant sites.  
· The majority of monitored plants were located within substrates dominated by sand.
· Monitored plants were most often found growing above the bank-full level of the creek (47% of the time); plants were also found growing at bank-full (denoted by vegetation line) and below bank-full (27% each).  This observation makes intuitive sense; plants growing in the vegetated zone at the creek’s edge (above bank-full) are less likely to be uprooted by high water flows, or buried by sediment.  
· Average distance of monitored plants from the water’s edge at low flow (September) was 9.9 ft (~ 3 m), and ranged from 0 ft (0m; plants growing in the water) to 25.3 ft (~7.7 m; plant growing in an abandoned channel).  

Diaz and Mellen (1996) have described the Corydalis aquae-gelidae plant community from three plots located on the Mt. Hood National Forest. The community represents sites with gravel and sand deposition, very close to the high water line, where Corydalis is dominant. Associates included Senecio triangularis (arrow-leaved groundsel), Senecio pseudaureus (beach groundsel), Delphinium trollifolium (trollius-leaved larkspur), Aconitum columbianum (Columbian monkshood), Aster modestus (great northern aster), Alnus incana (gray alder), Physocarpus capitatus (Pacific ninebark) and a well-developed moss layer. The community had an average of 10.7 vascular plant species per plot, the lowest value among riparian plant communities recorded for the Mt. Hood and Gifford Pinchot National Forests. This reflects the strong dominance of C. aquae-gelidae at these sites. It should be noted that C. aquae-gelidae is likely to occur as a less dominate associate of other plant communities and is not restricted to one described community.  Sensitive plant site information from the Northwest Oregon District BLM and Gifford Pinchot and Mt Hood National Forests list associated species as Saxifraga arguta (stream saxifrage), Mimulus guttatus (yellow monkey flower), Tolmiea menziesii (piggy-back plant), Tiarella unifoliata (foamflower), Oxalis oregana (Redwood sorrel), Isopyron hallii (Hall’s isopyrum), Polysticum munitum (sword fern), Veronica americana (American brooklime), Montia siberica (miner’s lettuce), Alnus rubra (red alder), Oplopanax horridum (devil’s club), Acer circinatum (vine maple), Ribes lacustre (black gooseberry), Thuja plicata (Western redcedar), Taxus brevifolia (Western yew), Tsuga heterophylla (Western hemlock), Abies procera (Noble fir), Abies amabilis (Pacific silver fir) and Pseudotsuga menziesii (Douglas fir).  On the Willamette National Forest, the species has also been found in association with Alnus sitchensis, Athyrium felix-femina,  Ribes lacustre,  Acer circinatum, and Ribes bracteosum.  

The Corydalis aquae-gelidae plant community is found within Rosgen B and C channel types in Oregon (Diaz and Mellen 1996). C channel types are described as having a low gradient, meandering, with a broad, well defined floodplain (Rosgen 1994). B channel types have a higher gradient, more defined channel and are less meandering (Rosgen 1994).

IV. CONSERVATION
A.  Threats to the Species
Threats to Corydalis aquae-gelidae populations in Oregon and Washington can occur at different scales. Changes in annual precipitation patterns due to global warming could impact hydrologic function in watersheds and stream systems hosting the species.  Regional climatic fluctuations such as drought could do the same. Forest management activities upstream (e.g., timber harvest and road building, among others) can increase the frequency and intensity of peak flows and increase sediment delivery, processes that can negatively affect populations downstream by uprooting or damaging individuals as a result of increased volume and velocity of flow, or by causing excessive deposition of material (gravel, woody debris, sediment) over existing sites.  In addition, management activities such as timber harvest can cause an increase in stream temperatures beyond the identified upper threshold of tolerance for the species, and decreases in shading to below levels tolerated by the species, with the indirect effect of increasing vegetative competition.  

More specifically, changes in hydrology, which result in dewatering or inundation of Corydalis aquae-gelidae sites, can adversely affect populations by reducing seed germination and recruitment and plant growth. In his study of habitat relations of this species on the Mt. Hood National Forest, Goldenberg et al. (1999) found that maximum abundance occurred from 5 cm below to 20 cm above the summer water level of streams and within 40 cm horizontal distance to the nearest water.  He also found that this species was rarely found in water deeper than 20 cm. Goldenberg also found that Corydalis aquae-gelidae grew in cool stream environments with water temperatures averaging 49.5° F (~9.7° C), with a range from 41.4–57.4° F (~5.2–14.1° C).  Increases in stream temperature are most often caused by a decrease in shade or stream flow. The resulting higher temperatures will affect areas downstream; therefore, Corydalis may be threatened by actions that occur some distance upstream of the actual habitat.

Canopy cover which falls outside of the ~ 50–90% range can affect site viability. Goldenberg found that plants under canopy closure less than 25% were found to be chlorotic and stunted (1990) while Gamon found that plants with 100% canopy closure had a lower incidence of flowering (1983). An increase in the availability of light also causes the indirect effect of increased vegetative competition from early seral species including invasive species.  The spread of Phalaris arundinacea (reed canary grass) is of particular concern where it is known to occur along stream systems hosting the species, as is the case within the Wind River Watershed of the Gifford Pinchot National Forest.   

The stems of C. aquae-gelidae are hollow, fragile and easily damaged. Damage could result from mechanical equipment, trampling, or herbivory.  The resulting loss of leaves, flowers or fruit can affect long-term site viability.  Trampling from recreational activity is a concern but is judged to be minor at this time because populations are located in areas outside of heavy recreational use.  However, herbivory and trampling was reported by one of the Conservation Assessment authors (J.L.) as a primary threat at one site on the Willamette National Forest (Gregg Creek).  

That author also noted road maintenance and brushing was a threat to one occurrence on the Willamette National Forest (McQuade Creek). 

Because Corydalis aquae-gelidae is a Pacific Northwest endemic riparian obligate, it is particularly vulnerable to changes in temperature and associated changes in hydrologic patterns that are occurring as a result of global warming.  Management actions that alter temperature and hydrologic function, such as timber harvest and road building, will tend to exacerbate this vulnerability.  

B.  Conservation Status
Management for this species follows FS Region 6 Sensitive Species (SS) policy (FS Manual 2670), and BLM Oregon and Washington Special Status Species (SSS) policy (6840 Manual).  For the Forest Service, management also follows the Northwest Forest Plan Survey and Manage Standards and Guidelines (USDA and USDI 2001) for Category A species.  

For Region 6 of the Forest Service, Sensitive Species policy requires that actions “must not result in a loss of species viability or create significant trends toward federal listing” (FSM 2670.32) for any identified Sensitive Species, and the agency is directed to “Maintain viable populations of all native and desired non-native wildlife, fish, and plant species in habitats distributed throughout their geographic range on National Forest System lands” (FSM 2670.22).  

For Oregon and Washington BLM administered lands, Special Status Species (SSS) policy details the need to manage for species conservation. Conservation is defined as the use of all methods and procedures that are necessary to improve the condition of SSS and their habitats to a point where their Special Status recognition is no longer warranted.  Policy objectives also state that actions authorized or approved by the BLM do not contribute to the need to list species under the Endangered Species Act.

Management direction for Survey and Manage Category A species is to conduct surveys in advance of habitat-disturbing activities, and to manage all known sites and minimize inadvertent loss of undiscovered sites.  Site in the context of management is defined as “The occupied site plus any buffer needed to maintain the habitat parameters described in the Management Recommendations” (USDA and USDI 2001, p 83).  In analysis for the 1994 Northwest Forest Plan (USDA and USDI 1994) Corydalis aquae-gelidae was rated 10–48–40–2 for Outcomes A, B, C and D respectively under Option 9 (the preferred management option of the Northwest Forest Plan).  These figures represent estimated probabilities the populations of this species will have a certain outcome, given the implementation of various Northwest Forest Plan options.  For the preferred Northwest Forest Plan option (9), Outcome B was the highest likely outcome, with a 48% likelihood the species would stabilize with significant gaps in the historic distribution on federal lands.  Outcome C was the next highest probability, with a 40% likelihood the species would be restricted to refugia with strong limitations on interactions among local populations. Outcome A, that habitat is of sufficient quality, distribution, and abundance to allow the species population to stabilize, well distributed across federal lands, was only projected to have a 10% probability.  At the time of this analysis, approximately 67% of Corydalis aquae-gelidae populations were determined to occur within the Matrix land allocation (open to scheduled timber harvest), and there was recognition that individuals and habitat had been lost as the result of past actions including hydroelectric projects, timber harvest, road construction, and fish habitat improvement projects.  It was also assumed that the species has limited potential to establish outside of known population areas due to its specific habitat requirements.  

As a result of the poor outcomes from the analysis conducted in support of management options of the Northwest Forest Plan, this species and approximately 400 other little known or rare wildlife and botanical species, were identified as needing supplemental mitigation to ensure a positive conservation outcome.  The Forest Service and BLM adopted in the final Record of Decision for the Northwest Forest Plan, two mitigations towards that goal:  1) Riparian Reserve land-use allocations, and 2) Survey and Manage Standards and Guidelines.   Both mitigations have undoubtedly provided greater conservation benefits to the species, and would result in significantly different probability outcomes than conducted for the Northwest Forest Plan.    

The Northwest Forest Plan Standards and Guidelines associated with the Riparian Reserve and Survey and Manage Standards and Guidelines have facilitated protection and management of this species and habitat, and based on limited monitoring of occurrence trends appear to be effective.  However, some project types are exempt from the Survey and Manage Standards and Guidelines (Pechman 2006), and they could have an effect on this species.  For example, both in-stream restoration and riparian thinning projects could have detrimental or beneficial effects to habitat and/or individuals of this species, depending on existing conditions, anticipated changes to habitat, and project design.  It remains important to conduct pre-project surveys for this species in order to protect sites and habitat.  

BLM management direction (USDI 2016a, USDI 2016b) is similar to the Survey and Manage Standards and Guidelines in that pre-project surveys are required, and site management has been assumed to occur (in order to meet agency SSS policies).  In addition, like the Northwest Forest Plan, habitats where this species occur are protected with riparian management areas.  Unlike the Northwest Forest Plan management, there are no survey or management exemptions (Pechman 2006). 

C. [bookmark: _GoBack] Known Management Approaches
From 1994 until present, pre-project surveys have been conducted prior to habitat disturbing activities where Corydalis aquae-gelidae is documented or suspected to occur (USDA and USDI 1994, USDI 2016a, USDI 2016b).  Sites of the species have been managed for site protection, with the stated goal of providing for site persistence (USDA and USDI 1994; 2001), or are assumed to be protected in order to meet BLM SSS policy (USDI 2015).  Specific management parameters, including no-disturbance buffers, are developed on a case-by-case basis by local managers using guidance provided in the Management Recommendations for the species (Stein 1998) and the 2005 Conservation Assessment (Stein 2005). The protective status provided both by the Forest Service (Survey and Manage, Sensitive) and BLM (Sensitive), in combination with riparian reserve protections provided in the Northwest Forest Plan (USDA and USDI 1994) and BLM Resource Management Plans (2016a, 2016b) have been effective in protecting sites and habitat, based on limited trend monitoring (Section III, subsection D).    

D.  Management Considerations
All occurrences of Corydalis aquae-gelidae on federal lands administered by the Forest Service and BLM in Washington and Oregon, (specifically, the Gifford Pinchot, Mt. Hood, Rogue-River Siskiyou and Willamette National Forests, and the BLM Northwest Oregon District) are identified as areas where the information presented in this Conservation Assessment could be applied.  

Major considerations for Corydalis aquae-gelidae habitat and viability in Oregon and Washington include identifying adequately-sized buffers around known sites to maintain appropriate light levels, hydrologic function, water temperature, substrate, and vegetation. Hydrologic function and water temperature should be considered at the watershed level since activities upstream or downstream could affect hydrologic function and water temperature.

Canopy closure/light levels
Based on a median value of 84% canopy closure for populations systematically studied in Oregon by Goldenberg (1992), it appears that canopy closures of 70–90% should provide an optimal range for shade.   More recent observations of persistent and apparently thriving plants on the Gifford Pinchot National Forest have detected canopy cover levels at low as 56% (Ruchty 2007) and a Conservation Assessment author (J.L.) estimated 50% on the Willamette National Forest. At canopy cover levels of this level or higher, vegetative competition will likely be held to acceptable levels.  

· Ideally, canopy closure levels at known sites should be retained between 70–90%, but may go down to 50% on occasions.  
· Planting of fast-growing conifer or deciduous species appropriate to the site may be used to provide shade on sites that have less than ~70% canopy closure.

Hydrologic function
Hydrologic function is best described as the maintenance of perennial water within acceptable vertical and horizontal distances from plants. Goldenberg (1990) found the horizontal distance of individual plants from water was -20–290 cm, with a vertical distance ranging from -12–95 cm. The extreme values within these ranges may represent outliers or relict plants and not necessarily optimal habitat. To determine the optimal range, one standard deviation of the mean is used. This equates to a horizontal distance of -18–86 cm and a vertical distance of -7–21 cm to water. Plants may also be found along abandoned side channels that maintain moist conditions but that do not always support standing water (Ruchty 2007).  Water temperature is also an important habitat consideration. Stream temperature ranged from 5.9–14° C (43–57° F) for Oregon populations (Goldenberg 1990). The upper temperature limit of 14° C is viewed as the critical threshold.  

· Stream temperatures greater than acceptable levels will most likely be the result of a deficiency in streamside vegetative cover. The source of the high temperatures may not be at the
Corydalis site itself, but upstream some distance. The remedy can be to maintain existing cover and augment shading by planting trees and shrubs appropriate to the site where stream shading is lacking.
· Proper hydrologic function can be determined by measuring the horizontal and vertical distance
of Corydalis populations to perennial water during the growing season. Sites that appear to be outside the prescribed parameters need further investigation to determine the exact cause.  Changes in hydrology are sometimes the result of culvert placement and can be remedied by either removing or replacing the culvert. Changes may also occur as the result of road placement or water diversion.

Substrates
Substrates vary from cobble to sand to silt. Goldenberg (1990) reported that plants only rarely occur on silt-textured substrates or soils high in organic matter, but more recent observations on the Gifford Pinchot and Willamette National Forests and Northwest Oregon District BLM suggest that plants occur more frequently on silt-textured and organic soils than previously recognized. The plant appears to be totally absent from bogs and marshes, but is frequently found along abandoned side channels of streams with silt-textured substrate on the Gifford Pinchot National Forest (Ruchty 2007). A typical substrate on the Mt. Hood National Forest is reported to be greater than 50% gravel with course sand filling the interstices (Goldenberg 1990). This substrate suggests that this species requires a substrate that is moist but also well drained in which water is cool and well oxygenated.

· Excessive deposition of substrate material at existing Corydalis sites may be detrimental.   The cause of deposition has its origin in the hydrology of the site and may be addressed as described above. Projects designed to trap gravels and sand to enhance fish spawning habitat may also serve to provide required substrates for Corydalis establishment. When in the planning phase for projects that can affect substrate (sediment, sand, and gravels) deposition such as large woody debris placement in streams, incorporate the needs of C. aquae-gelidae into project designs.

Vegetation 
Corydalis ranges from a dominant species to a minor component of plant communities where it is present, and is found in association with many other native species.  Non-native species with the ability to establish, dominate, and persist within the narrow streamside band where Corydalis grows such as reed-canary grass, comprise a major threat to the species. 

· Thinning and/or pruning of the tree and shrub component may be useful in cases where excessive shading is resulting in reduced population vigor. The threshold for excessive shading is considered to be 90% and above. 
· High levels of light encourage vegetative competition and establishment of invasive species.  Where canopy cover falls below 70%, consider planting native overstory species to provide shade to streamside habitat. 
· Avoid trampling, digging or any other activity that will result in mechanical damage to plants.
· In order to prevent establishment and spread of reed canary grass and other non-native species in occupied habitat practice EDRR–early detection rapid response.   

Fostering riparian resiliency to climate change may be possible by facilitating development of deep duff layers that can absorb and store rainfall for gradual release (reducing runoff that swells stream volumes and associated force during rain events).  Maintaining canopy cover, especially conifer canopies that retain foliage during the wet winter months, will help riparian forests intercept precipitation and decrease runoff as well. 

V. RESEARCH, INVENTORY AND MONITORING OPPORTUNITIES
The objective of this section is to identify opportunities to acquire additional priority information that could contribute to more effective species management.  The inventory, research, and monitoring identified below are not required.  

A. Data and Information Gaps
· Most known Corydalis aquae-gelidae sites have been located through project-level surveys. For watersheds that have had a relatively low level of management activity, and few surveys for Corydalis, conduct an inventory of potential habitat to determine the full extent of the species’ range and numbers.  Inventory is particularly needed in areas located between the previously understood southern extent of the species’ range on the Willamette National Forest and the new southern extent  on the Rogue River-Siskiyou National Forest, since this range extension considerably expands what may be considered potential habitat for the species in Oregon.   
· Increase understanding of population trends by comparing  last observed dates and status data on currently extant element occurrences and cross-referencing them with previous/historic element occurrence locations along streams (i.e. stream headwaters vs. farther downstream).  This will increase  understanding of spatial trends – i.e., has the species disappeared from, or been reduced in, the upper reaches of streams and stream tributaries over time?  In other words, have historical seed sources been eliminated or shifted downstream, leaving upstream segments without seed source for re-population (effectively reducing habitat)?
· At sites where herbivory has been identified as a threat, determine the source of the herbivory in order to determine whether protection is possible. 
· Report documented sites of species through Natural Heritage Program contracts, and enter data into agency databases, GeoBOB or Natural Resource Manager-botany. Changes to field units’ determination of documented or suspected status need to be reported quickly to the Special Status/Sensitive Species Specialist in the Regional Office/State Office.

B. Research Questions
· Understand the genetics of C. aquae-gelidae. Knowing the genetic variability of the species within and between populations will help managers determine population boundaries and assess the contribution of individual populations toward viability of the species range-wide.
· What are the dispersal mechanisms for C. aquae-gelidae?
· How does C. aquae-gelidae respond to habitat enhancement?
· How do changes in peak flows and sediment delivery resulting from upstream management activities (e.g., timber harvest, road building) affect downstream populations? 
· Assess effectiveness of site buffers placed around populations to determine if they adequately protect the site from impacts associated with adjacent project activity. 

C. Monitoring Opportunities and Recommendations
· Continue to support monitoring of the Corydalis aquae-gelidae population at the Stone Creek Hydroelectric Project to determine the effects of water diversion.
· Where management actions are done within C. aquae-gelidae populations, including habitat enhancement activities, monitor for effectiveness through measuring abundance and reproduction of plants as well as the status of habitat parameters (e.g., hydrology, shade, stream temperature, substrate, etc.).

VI. ADAPTIVE MANAGEMENT
The recent discovery of an occurrence of Corydalis aquae-gelidae on the Rogue River-Siskiyou National Forest substantially extends the range of this species, and implies the need for inventory in suitable habitat in central and southern western Oregon, where the species was not previously suspected to occur.   Gaining greater understanding of population and species relationships through genetic study of occurrences from across its range (particularly the more recently discovered populations in the southern portion of its range) could generate information important to consider during conservation planning and designation of high-priority sites. We anticipate that information of this kind would necessitate an update to this Conservation Assessment.
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Buffer
An area managed to protect a site.  Management actions within the buffer should only be to maintain and/or improve the habitat conditions of the site and provide life requisites for the species.


Connectivity
The linkage of similar but separated suitable habitat patches by corridors or “stepping stones” of like habitat that permits interaction between individuals or populations over time.
Connectivity must consider time in the context of its potential effects on genetic drift or isolation.

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

Monitoring
The collection of information used to determine if management actions are meeting objectives of standards and guidelines and if they comply with laws and management policy. Monitoring is used to determine if standards and guidelines are being followed (implementation monitoring), if they are achieving the desired results (effectiveness monitoring), and if underlying assumptions are sound (validation monitoring). Monitoring usually collects information through sampling, provides standardized data, and occurs at multiple levels and scales.

Site (Occupied)
The location where an individual or population of the target species (taxonomic entity) was located, observed, or presumed to exist and represents individual detections, reproductive sites or local populations. Specific definitions and dimensions may differ depending on the species in question and may be the area (polygon) described by connecting nearby or functionally contiguous detections in the same geographic location.  This term also refers to those located in the future (USDA and USDI 1994a).

Persistence
The likelihood that a species will continue to exist/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.


Range
The limits of the geographical extent of a species.

Suitable Habitat
Abiotic and biotic environmental conditions within which an organism is known to carry out all aspects of its life history.

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 and USDI 1994a).
Viable populations
A wildlife or plant population that contains an adequate number of reproductive individuals appropriately distributed on 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 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 Final Supplemental Environmental Impact Statement for the Northwest Forest Plan for further clarification.
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