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Disclaimer 
This conservation assessment was prepared to compile information on Rorippa columbiae. This assessment does not represent management direction or a management decision by the U.S. Forest Service (Region 6) or Bureau of Land Management (OR/WA BLM). 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. In the spirit of continuous learning and adaptive management, if you have information that will assist in conserving the subject taxon or community, please contact the interagency Special Status/Sensitive Species Conservation Planning Coordinator in the Portland, Oregon Forest Service Region 6 and OR/WA BLM offices. Please see the interagency website (https://www.fs.fed.us/r6/sfpnw/issssp/organization/) for contact information.
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[bookmark: _Toc460770950]	
Species and Taxonomic Group
Scientific name:  Rorippa columbiae (Suksd. ex B.L. Rob.) Suksd. ex Howell
Common name:  Columbia yellowcress, Columbian yellowcress, Columbia cress
Family:  Brassicaceae

[bookmark: _Toc460770951]Conservation Status
· USFWS:  not listed
http://www.fws.gov/oregonfwo/Species/Data/Default.asp#Plants
· BLM / USFS:  Sensitive Species
http://www.fs.fed.us/r6/sfpnw/issssp/agency-policy/
· Oregon Department of Agriculture State Status:  Candidate http://www.oregon.gov/ODA/PLANT/CONSERVATION/statelist.shtml
· Oregon Biodiversity Information Center (ORBIC):  List 1 (threatened or endangered throughout range) http://inr.oregonstate.edu/orbic/rare-species/rare-species-oregon-publications
· Oregon State Rank:  G3, S3 (vulnerable globally and in Oregon) http://inr.oregonstate.edu/orbic/rare-species/rare-species-oregon-publications
· Washington Natural Heritage Program State Status:  Threatened http://www1.dnr.wa.gov/nhp/refdesk/lists/plantrnk.html
· Washington State Rank:  G3, S1,S2 (vulnerable globally, critically imperiled/imperiled in Washington) http://www1.dnr.wa.gov/nhp/refdesk/lists/plantrnk.html
· California Rare Plant Program:  1B.2 (fairly endangered in California)
http://www.rareplants.cnps.org/
· California State Rank:  G3, S1 (vulnerable globally, critically imperiled in California)  http://www.rareplants.cnps.org/


[bookmark: _Toc460770952]Range and Habitat
The current range for Rorippa columbiae has been reported from as far north as the Hanford Reach of the Columbia River in Washington, to as far south as Lassen National Forest in northern California. Extant Rorippa columbiae populations are clustered into two, discontinuous population centers: the Columbia River Gorge and Southern Oregon / Northern California. 

Rorippa columbiae inhabits seasonally-inundated shoreline habitats including margins of lakes, playas, and reservoirs, banks of rivers, streams, and creeks, and edges of roadside, drainage and irrigation ditches. 
Millions of years of seasonal indundation patterns likely drive the taxon’s evolutionary habitat adaptations. R. columbiae grows along dramatically reduced remnants of once-immense, ancient Pleistocene lakes. Historic cycles of rising and falling waters created habitat that was never static and that experienced periodic catastrophic disturbance.  When warm periods lowered lake levels, vast expanses of wet substrates were exposed. When high waters returned, populations were likely bottle-necked or extirpated. The current species range still experiences alternating wet and dry periods, deluges and droughts, and Rorippa columbiae appears to tolerate significant variability in moisture and other habitat conditions. 

[bookmark: _Toc460770953]Threats 
Rorippa columbiae faces significant anthropogenic and natural threats to habitat integrity and species persistence. Water availability, grazing, and vegetative competition are the top three concerns affecting most, if not all, southern Oregon populations. Similar habitat generates similar threats for northern California populations, while the Columbia River Gorge is more heavily affected by threatening water management regimes. Many of the threats outlined in this conservation assessment are addressable through land management action, while others – particularly reduced water availability due to climatic changes – are not. 
	
[bookmark: _Toc460770954]Conservation
Rorippa columbiae remains rare throughout its range. While its conservation status varies for each state in the species range, the current federal and state conservation status of Rorippa columbiae in Oregon is appropriate and should be maintained. In order for the species to be listed as threatened, it must be likely that Columbia yellowcress is in danger of extinction within the foreseeable future throughout all or a significant portion of its Oregon range. In Oregon, population stem count declines are common, and extirpation is likely in the near future at some small population sites and in regions with significant water availability concerns. However, the majority of southern Oregon populations are not yet at risk of extinction. Two large populations are thriving and increasing in number, and the reproductive capacity of the species appears to be adequately sustaining the species overall.

The proposed management actions detailed in this conservation assessment are needed to maintain the species status, and to prevent its trending decline. 

[bookmark: _Toc460770955]Research, Inventory, and Monitoring Opportunities
An extensive list of research, inventory, and monitoring opportunities is included in this document. Three priorities for future work include 1) ongoing monitoring to provide data for ascertaining population trends and performing research analyses, 2) controlled field experimentation that attempts to determine whether habitat variables such as non-native species, cattle or water availability are causing R. columbiae population declines, and 3) management actions that are experimentally-designed and monitored for effect over time. 

[bookmark: _Toc460770956]Adaptive Management
Modification to management of the species should occur when new biological and ecological information is discovered. Knowledge of the species is limited and significant discoveries are possible that may have a strong impact on the recommendations made in this conservation assessment. Regular re-evaluations should occur when new information is available.
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CONSERVATION ASSESSMENT
for
Rorippa columbiae
(Columbia yellowcress)

[bookmark: _Toc476588352][bookmark: _Toc499067025]______________________________________________________________

[bookmark: _Toc499067026]I.  Introduction
[bookmark: _Toc311209007][bookmark: _Toc499067027]A.  Goal 
The goal of this conservation assessment is to summarize existing information regarding the biology and ecology of Rorippa columbiae, threats to the species, and to identify management recommendations for this species to meet agency policy objectives.  This species is of concern due to its disjunct distribution, relatively small population sizes, low number of populations, and occurrence in degraded habitats.  

Federal management for this species follows Region 6 Sensitive Species (SS) and/or OR/WA BLM Special Status Species (SSS) policies. Policy objectives for Forest Service Sensitive Species (FSM 2670.22) are to 1) ensure that species do not become Threatened or Endangered due to Forest Service actions, 2) maintain viable populations of all native and desired plant and animal species in habitats distributed across their range on National Forest System lands, and 3) develop and implement management objectives for populations and/or habitat of Sensitive Species. BLM policy objectives for Special Status Species (BLM Manual 6840) are 1) to conserve and/or recover Endangered Species Act (ESA)-listed species and the ecosystems on which they depend so that ESA protections are no longer needed for these species, and 2) to initiate proactive conservation measures that reduce or eliminate threats to Bureau Sensitive Species to minimize the likelihood of and need for listing of these species.

[bookmark: _Toc311209008][bookmark: _Toc499067028]B.  Scope	
Rangewide information has been compiled for this document. However, the scope of this conservation assessment is southern Oregon Rorippa columbiae populations and habitats. This assessment summarizes existing knowledge of a relatively little known vascular plant. Current scientific knowledge of the species is limited to a small number of studies; they form the predominant resources from which the information in this assessment is drawn. Uncertainty in knowledge is stated directly, and speculation and inference are sometimes used in an attempt to make informed conclusions. As new scientific research and population field surveys arise, information updates will be necessary to keep this assessment current with time. Threats named here summarize known or suspected existing threats, which also may change with time. Adaptive management is critical, and will support the integration of new information into existing and recommended management actions.
[bookmark: _Toc311209009][bookmark: _Toc499067029][bookmark: _Toc216580791]C.  Management Status
U.S. Fish and Wildlife Service 
Rorippa columbiae is currently not listed by United States Fish and Wildlife Service (USFWS).  

Bureau of Land Management / U.S. Forest Service
The Bureau of Land Management (BLM) and U.S. Forest Service (USFS) recognize the rarity of the species and consider R. columbiae a Special Status and Sensitive Species. Consequently, the Interagency Special Status / Sensitive Species Program (ISSSSP) recently funded research on the biology and ecology of the species (Kentnesse 2017). One result of the evaluative work was the completion of this conservation assessment and its updated sections on species biology, ecology, and threats, as well as conservation recommendations. 

[bookmark: _Toc216580794]Oregon Department of Agriculture / Oregon Biodiversity Information Center
Rorippa columbiae is listed as a List 1, G3 S3 species by the Oregon Biodiversity Information Center (Oregon’s “heritage program,” formerly called Oregon Natural Heritage Program), and as a Candidate species by the Oregon Department of Agriculture (ODA). The taxon’s “candidate” designation indicates it is to be considered for listing as a Threatened or Endangered Species in Oregon. Concerns about the species can be attributed to stem count declines in recent years, very low population sizes and high inbreeding potential, and widespread habitat degradation. Oregon contains 16 total extant populations, with 3 in the Columbia River Gorge, and 13 in southern Oregon (ORBIC 2016). 
[bookmark: _Toc216580792]		
[bookmark: _Toc216580793]Washington Natural Heritage Program
Rorippa columbiae is listed as Threatened in Washington State, primarily due to dramatic population declines and limited evidence of sexual reproduction at all sites. The state has deemed the Columbia yellowcress as likely to become endangered within the foreseeable future throughout a significant portion of its range within the state. A central threat is Columbia River hydrological management regimes that are incongruous with known taxon requirements. Additional threats include the proliferation of weedy species, recreational uses, and grazing, which may all contribute to habitat degradation. There are a small number of total R. columbiae sites in Washington, with 4 in the Lower Columbia Area, and 16 in the Hanford Reach (WNHPDB 2016).
[bookmark: _Toc216580795]
California Natural Diversity Data Base 
Rorippa columbiae is included on list 1B.2 (rare, threatened or endangered in California and elsewhere; fairly endangered in California) in California Native Plant Society’s (CNPS) Inventory of Rare and Endangered Plants (CNPS 2016). The California Natural Diversity Data Base (California’s “heritage program”) ranks this species as S1, representing this system’s highest level of endangerment. Despite these rankings, California Department of Fish and Game does not include R. columbiae on the list of protected species. Relatively little is known about California’s 12 R. columbiae populations when compared with Washington and Oregon’s population research and documentation. Threats are known to include livestock use, non-native weedy species, and recreational uses, which are contributing to habitat degradation and population declines (CNPS 2016; CNDDB 2016). 
[bookmark: _Toc311209010]

[bookmark: _Toc499067030][bookmark: _Toc311209011]II. Classification and Description

[bookmark: _Toc499067031]A.  Systematics and Synonymy
The genus Rorippa currently contains 85 species worldwide (Al-Shehbaz 2010), with 29 recognized in North America (Rollins 1993). Regionally, the intermountain west of the United States is known to hold a particularly high abundance of taxa and individuals, some common and some rare (Stukey 1972). In Oregon, Rorippa columbiae is one of nine Rorippa species to occur in the state, and it is the only species of the genus that is identified as rare within state borders (Oregon Flora Project 2016). All Rorippa sp. are associated with wet or damp habitats that are periodically disturbed by seasonal inundation patterns. Shorelines of lakes and playas, banks of rivers, streams and creeks, and marshes, mudflats and swales are all common Rorippa habitat. These taxa also frequently inhabit anthropogenic wetlands including roadside, drainage and irrigation ditches as well as farm ponds and low-lying fields.

The Columbia yellowcress holotype was collected in 1890 by W.N. Suksdorf from a “low gravelly bank of the Columbia River near Bingen, [Washington].” The specimen was formally published as Nasturtium sinuatum Nutt. var. columbiae by Suksdorf in 1895 (Watson 1895). Other herbarium specimens of the same time period include an 1875 collection by R.D. Nevius from Baker City, Oregon (Watson 1895), several 1894 collections by J.B. Leiberg from the Prineville area of Oregon (Leiberg 307), and a 1901 collection by W.C. Cusick from the Wagontire Mountains of Lake County, Oregon (Cusick 2717). Previously accepted synonyms for Rorippa columbiae include Nasturtium sinuatum Nutt. var. columbiae Suksd. ex B.L. Rob, Roripa sinuata Nutt. var. pubesens Howell, Nasturtium columbiae Suksdorf ex Howell, Radicula columbiae (Howell) Green, and Rorippa calycina (Engelm.) Rydb. var. columbiae (Suksd. ex B.L. Rob.) Rollins (USDA NRCS 2016; Stukey 1972). 

Traditional approaches to systematics have placed Rorippa columbiae in the section Sinuatae, along with five other taxa (R. calycina, R. subumbellata, R. sinuata, R. ramosa and R. coloradensis). According to R.L. Stukey (1972), the section Sinuatae is considered the most primitive group with ancestral characters such as perennial and clonal habit, relatively few and large seeds, longer petals than sepals, and long anthers and styles. The six taxa of the section are presumed to have once enjoyed a wider geographic distribution, but most have increasingly been spatially restricted and isolated, with significant range reductions. Within the section Sinuatae, R. columbiae is considered most closely related to two other localized endemics, R. subumbellata and R. calycina. Stukey states that both R. subumbellata and R. calycina are “most closely allied with R. columbiae,” suggesting that the Columbia yellowcress is the most ancient of the three morphological segregates. Originally part of the same complex that likely originated in modern-day Colorado during a more mesic era, range expansions occurred toward the Columbia River’s basaltic lava formation (R. columbiae), toward Lake Tahoe (R. subumbellata) and toward the Yellowstone River (R. calycina). It is thought that the three relict species’ biogeographical disjunction and endemism is a result of drying habitat and intermediates’ extinction. The most distinctive morphological characters shared by these three taxa are their oblong to subglobose fruits with rounded apices, their slender, elongate-pointed trichomes and the possession of fewer than 35 seeds per silicle on average. Older taxonomic keys occasionally state that the range of R. columbiae extends to Montana, Nebraska and New Mexico, however, this is a misconstruction of the distribution of this once widespread complex according to Stukey (1972). The misidentified herbarium specimens in those states have been determined to largely be Rorippa calycina, while herbarium specimens from Washington, Oregon and northern California are consistently recognized as Rorippa columbiae.
The USDA Natural Resources Conservation Service’s PLANTS database (2016) lists the following classification for Columbia yellowcress:

Kingdom: 	Plantae 	(Plants)
Division: 	Magnoliophyta 	(Flowering plants)
Class: 	Magnoliopsida 	(Dicotyledons)
Order:	Capparales 
Family:  	Brassicaceae 	(Mustard family)
Genus:	Rorippa	(Yellowcress)
Species: 	R. columbiae 	(Columbia yellowcress)

Currently, Rorippa columbiae has no recognized subspecies or varieties. Common names for R. columbiae include Columbia cress, Columbia yellowcress and Columbian yellowcress (USDA NRCS 2016).

Modern techniques in systematics have not yet been applied to show evolutionary relationships within the genus or section Sinuatae. Foundational genetic information is generally lacking, with chromosome numbers described for only eight North American Rorippa species. These cytogenetic studies have indicated diploid (2n = 16), tetraploid (2n = 32) and hexaploid (2n = 48) species are present in the genus (Rollins 1993), signifying a monoploid number of x = 8. 

Two relatively recent isozyme electrophoresis studies were conducted on Rorippa subumbellata, a close relative of Rorippa columbiae, which demonstrated very low genetic variability within that species. The first was a pilot study that compared 31 individuals from 2 populations on the south shore of Lake Tahoe. A single polymorphism was observed in 19 total loci for one sample (Bair 1997), resulting in a polymorphic proportion (P) of 5 percent. A few years later, Saich and Hipkins (2000) used 140 individuals from 11 populations around the south shore of Lake Tahoe to isolate 16 enzyme systems and their loci. Of the 23 total loci, 3 were observed to be polymorphic, resulting in a polymorphic proportion (P) of 13 percent, and an average of 1.1 alleles per locus (A). Other plants genetically inventoried by the same method have resulted in P = 24 percent and A = 1.4 for geographically restricted species, and P = 30 percent and A = 1.6 for widespread species (Hamrick et al. 1979, 1991). While these results are specific to R. subumbellata whose populations remain within a singular 192 mi2 lake system, they do underscore common patterns for genetic diversity levels and distribution in rare plants, and are aligned with the taxon’s position in a very old evolutionary group. In addition, since isozyme loci can be analyzed across related species, these R. subumbellata studies offer opportunity for future direct comparison of genetic variation with R. columbiae (Hamrick et al. 1991). 
	
[bookmark: _Toc311209012][bookmark: _Toc499067032]B.  Species Description  
Rorippa columbiae is a low-growing perennial forb in the mustard family (Brassicaceae), with clusters of small, yellow flowers, persistent sepals and finely hairy features (Figure 1). Technical descriptions of the species are presented in Hitchcock and Cronquist (1973), Baldwin et al. (2012), Peck (1961) and Stukey (1972). The following description is a synthesis of these treatments.

General:  perennial, slender roots or rhizomes, all anatomical parts finely pubescent or papillose
Stems:  ± erect or decumbent to prostrate, repeatedly branched, weak, pubescent with soft spreading hairs, 1 – 40 cm long
Leaves:  lower leaves often petioled, can be sessile or clasping, 4 – 7 cm long; upper leaves often sessile or clasping, can be petioled, 2.4 – 5.2 cm long; all leaves with sinuate to pinnatifid, sometimes irregular laciniate lobes, entire to dentate margins, oblanceolate to oblong shape, and ± pubescent
Inflorescences:  terminal and axillary elongated racemes, spreading to ascending, 4 – 8 mm long, flower pedicels ± appressed  
Flowers:  4 yellow petals, oblanceolate to spoon-shaped, pedicellate, 2.7 – 4.2 mm long, 0.7 – 1.7 mm wide, petals longer than sepals; sepals ascending, oblong, pubescent, persistent long after anthesis, slightly saccate at base, 2.0 – 3.5 mm long; stigma not lobed or divided, style 1 – 2.5 mm long, pubescent; 6 stamens; flowering can occur from May to November depending on location

Fruits:  ± compressed silicles; ovate to oblong, turgid, pubescent, slightly arcuate, pedicellate, 2-valved, 3 – 7 mm long, 1.5 – 3 mm wide; dry, dehiscent separation of two carpels when ripe with persistent placentae and septum
Seeds:  ovoid-spheric, tan-orange, 20 – 40 seeds per silicle, 0.7 – 0.9 mm long.
[image: ]
[bookmark: _Toc499067874]Figure 1.  Rorippa columbiae growth habit and anatomical features. Decumbent growth habit, pinnatifid-lobed leaves, and elongated racemes (from Hitchcock et al. 1964).

All taxonomic keys indicate the taxon exists in moist habitats that experience periodic inundation. Columbia yellowcress inhabits the banks of lakes, playas, ponds, rivers, streams, creeks and ditches, as well as marshes, mudflats, fields and swales. It is also associated with the Columbia River basalt lava plateau of the late Tertiary age (Stukey 1972), and its resulting soils.

The Columbia yellowcress shares many characters with its two closest relatives (R. subumbellata and R. calycina) including perennial and clonal habit, relatively few and large seeds, longer petals than sepals, and long anthers and styles. By contrast, younger members of the genus are annuals, often grow singly from a taproot, and more commonly possess derived characters. A key characteristic that differentiates Rorippa columbiae from other section Sinuatae taxa is the soft, dense, spreading hairs that cover its surfaces, including stems, leaves, pedicels, sepals, siliques and styles. The taxon can be further distinguished from R. subumbellata by its stem flexibility, thinner and less fleshy leaves, expanded stigmas, longer styles and racemes, and smaller seeds.  It can be differentiated from R. calycina by its more deeply pinnatifid-lobed leaves and finely toothed margins, expanded stigmas, and more oblong and slightly thicker, pedicillate silicles (Stukey 1972).

Two other Rorippa taxa can be found growing alongside the Columbia yellowcress in shared habitat, Rorippa curvisiliqua (Hook.) Besser ex Britton and Rorippa palustre (L.) Besser ssp. fernaldiana (Butters & Abbe) Jonsell (Kentnesse 2017). R. palustre ssp. fernaldiana (Fernald’s yellowcress) is easily distinguishable from R. columbiae by its size and growth habit. While many of its features are distinctly characteristic of the Rorippa genus at a glance, the taxon is commonly at least one foot tall (40 – 190 cm) and erect. Rorippa curvisiliqua (curvepod yellowcress) is of a similar stature to R. columbiae, but its elongated siliques (6 – 15 mm), which are visible May through October, clearly distinguish this common species from the Columbia yellowcress. When fruits are not visible, the species can be more challenging to tell apart. R. curvisiliqua is annual or biennial and non-rhizomatous compared to the perennial, rhizomatous R. columbiae. Also, R. curvisiliqua often appears a little more vegetatively dense, messy, and scrappy (Rollins 1993). Another taxon, Camissonia tanacetifolia (tansyleaf evening primrose) also occurs in the majority of R. columbiae sites, and can look very similar to the Columbia yellowcress in its juvenile stage. Young C. tanacetifolia have more pointed leaf tips, a larger proportion of the leaf tip has smooth margins before lobing or crenation begin, more irregular alternate lobing with “thumbs”, leaf veins and sometimes margins that are redder in color, and leaves that are slightly darker green, when compared with R. columbiae. Since spatial overlap does occur between these four species, surveyors should use caution when identifying Rorippa columbiae.

[bookmark: _Toc311209013]

[bookmark: _Toc499067033]III. Biology and Ecology

[bookmark: _Toc311209014][bookmark: _Toc499067034]A.  Life History
Life History  
Rorippa columbiae is a perennial that reproduces sexually by seed and vegetatively by roots or rhizomes. Consistent with perennial life cycle strategies, plants can live for a number of years. Individual Columbia yellowcress stems have not been tracked over time and life span limits are unknown, but it appears some plants may be well over ten years old. R. columbiae shoots die back each winter, and regrow the following spring from (often extensive) underground root or rhizome systems. Most individuals seem to be iteroparous, reproducing both vegetatively and sexually every year. Sexual reproduction seems to most commonly occur via cross-fertilization methods from abundant pollinators.

However, R. columbiae also appears to behave like an annual. The taxon commonly produces abundant flowers, fruit and seeds, and is capable of producing a prolific quantity of seeds. It also seems to maintain a fairly robust seed bank. Individuals grow quickly in spring and early summer, typically producing flowers within weeks of first vegetative emergence, and first fruits within the following month. As inhabitants of disturbed, dynamic wetland environments, these annual-like adaptations may serve to support the species’ ruderal colonizing role, and support long term population persistence.

Reproduction
Mating System
This taxon appears to have a mixed mating system. In field and greenhouse studies, Columbia yellowcress has demonstrated some degree of self-compatibility: fertilization, fruit set and seed set have been achieved in the absence of pollinators. Kaye and Massey (1991) reported that three bagged inflorescences in a Harney County field site attained 100% fruit set (and presumably high seed set, though this is not documented). Meinke (2002) and Kentnesse (2017) cultivated Columbia yellowcress in greenhouse settings, and both noted that fruit and seed set occurred, though at very low rates. In the Meinke (2002) study, 0.38% of flowers developed fruits for Dam’s Meadow site-sourced plants, producing zero seeds per fruit on average. Silver Lake site-sourced plants had 1.5% of flowers develop fruit with an average of 1.5 mature seeds per fruit. The Kentnesse (2017) greenhouse propagation study corroborated these results, with 2.1% of total flowers producing fruit, and an average of 1.6 seeds per fruit.

Rorippa columbiae relies heavily on outcrossing for sexual reproduction. Pollinators are abundant, represent a diversity of insect families and genera, and have been observed carrying Columbia yellowcress pollen between stems (Section III.A.3). A close examination of R. columbiae flower morphology indicates clear separation of anthers and stigmas (Meinke 2002) (Appendix D.1, photographs), an adaptation common for ensuring outcrossing by pollinators (Silvertown and Charlesworth 2001). One breeding system study has been conducted for the taxon (Meinke 2002), and it demonstrated that outcrossing clearly produces more fecund plants. The study’s experimental treatments included geitonogamy from the same plant, outcrossing within the same population (100-meter minimum distance to avoid accidental geitonogamy), and outcrossing between different R. columbiae populations. Results showed a significant difference in both fruit set and seed set per fruit between geitonogamous and out-crossed treatments. For geitonogamous pollinations, 17.5% of flowers produced fruit with an average of 2.5 seeds per fruit. For outcrossing within a population, 67.5% of flowers produced fruit with an average of 9.8 seeds per fruit. Finally, for outcrossing between populations, 82.5% of flowers produced fruit with an average of 11.7 seeds per fruit. These results suggest the species reproduces most efficiently when outcrossing occurs.

With the exception of the Kaye and Massey (1991) study which reported 100% autogamous fruit set with a sample size of   n = 3, all other mating system investigations consistently report that outcrossed R. columbiae plants produce significantly higher fruit and seed set than self-pollinated plants, though the species is capable of both mating types. One common explanation for low fecundity is resource limitation, however, the breeding system experiment (Meinke 2002) was conducted in uniform environmental conditions in a greenhouse setting, and still produced disparate results between mating types. Another possible explanation for the results is that Rorippa columbiae either possesses or previously possessed a self-incompatibility mechanism; depressed autogamous fruit and seed production can often be indicators of self-incompatibility (Silvertown and Charlesworth 2001). While this hypothesis has not explicitly been investigated for R. columbiae, most wild Brassicaceae family members (de Nettancourt 1977) – including a few European and introduced Rorippa taxa (Bleeker 2004; Bleeker 2007; Mulligan and Munro 1984) that have been studied – express sporophytically-controlled genetic self-incompatibility, where stigmas recognize and discriminate against “self” pollen. Self-incompatibility (SI) is understood to be a diversity-promoting ancestral trait that has frequently been lost due to declines in allelic variation at the SI S-locus, or due to increases in mutations that prevent self-recognition (Igic et al. 2008). Prominent selective pressures that drive these changes include mate limitation and pollinator limitation, which can be exacerbated by small population sizes and genetic bottlenecks (Busch and Schoen 2008; Igic et al. 2008). One could imagine stochastic population declines resulting in a low number of available mates (different genets), and long-term survival hinging on the ability to self. A few studies point to the post-glacial period as an important historical time for the weakening of the SI response in some Brassicaceae species. New habitats exposed by receding glaciers provided opportunities for colonizers that initially may have had limited mates, likely leading to the gradual fixation of multiple, independent mutations that weakened or disabled the SI system (Busch and Schoen 2008). The nature of the SI response is that it varies in phenotypic strength of expression resulting in gradations of partial self-compatibility (Hiscock and McInnis 2004). De Nettancourt (1977) additionally describes the sporophytic self-incompatibility system as having a particularly high likelihood of expressing partial self-incompatibility due to more allelic forms, complicated dominance and co-dominance interactions, increased complexity with polyploidy, and a high frequency of recessive alleles. 

It is possible that Rorippa columbiae, presumed to be a very old and primitive taxon in the Rorippa genus, was once entirely or nearly entirely self-incompatible. Present in modern-day Oregon since the late Miocene Epoch, the species likely thrived atop Columbia River basalt flows (Stukey 1972), with millions of stems offering plenty of opportunity for genetic exchange between genets. Like many of its close relatives, Columbia yellowcress is associated with damp habitats on the edges of lakes and rivers. Its evolution was probably most strongly shaped by the rising and falling of lake waters during Pleistocene glaciation and the period of great Pleistocene lakes in southern Oregon and northern California (see Section III.E.2 for more on water dynamics). For sister taxon Rorippa subumbellata, Pavlik and Murphy (2002) posit that lake waters rose and fell during this period, sometimes slowly, sometimes catastrophically quickly. When waters were low, vast expanses of habitat were exposed creating opportunities for large populations of Rorippa to colonize and establish throughout the hydrological gradient, conceivably supporting genetic exchange and reinforcing self-incompatibility. However, when waters were high, these plants were likely largely inundated and restricted to small populations in upper elevation habitats. The successive dramatic fluctuations in population size, driven by repeated fluctuations of water levels over thousands of years, probably favored a partial loss of self-incompatibility. When waters rose, few S-alleles likely survived genetic bottlenecks. The remaining small populations were probably mate-limited as waters began to recede, and R. columbiae began to colonize the newly exposed habitat. In addition, large oscillations in climate may have limited insect populations such that pollinators were not reliable vectors for pollen transport. Transitions to self-compatibility are associated with repeated bottlenecks (Igic et al. 2008), and in this volatile time for the Columbia yellowcress, it likely benefited from increased flexibility in its breeding system.

The Meinke (2002) mating system study and other fecundity observations (Kentnesse 2017; Kaye and Massey 1991) suggest that modern Rorippa columbiae employs a strategy that favors outbreeding, and permits facultative selfing. Further robust pollinator exclusion field studies would help confirm the current understanding of Rorippa columbiae’s mating system. In addition, the viability of autogamous or geitonogamous seeds is currently unknown. This knowledge is critical to understanding whether the taxon requires outcrossing to produce viable seed.

Description of Sexual Reproduction
Rorippa columbiae is capable of producing a large quantity of perfect flowers, dehiscent silicle fruits, and numerous tiny seeds. However, sexual reproductive output varies significantly by site, and by year. Several studies have quantified and documented these differences (Table 1). The most fecund R. columbiae population on record is the 2016 Paulina Marsh, Oregon site (Kentnesse 2017), with a single plant stem capable of producing 4,033 fruits. Based on the average number of seeds per fruit from that site during that year, it can be assumed that the stem produced roughly 200,000 mature seeds. In southern Oregon, the least fecund R. columbiae populations show essentially no sexual reproduction: Buck Creek Tributary produced no flowers or fruit in 2016, and Featherbed Lake produced only 0.03 flowers per plant with no observed fruit set. Most southern Oregon populations do not sexually reproduce at these extremes. All other populations combined average a moderate 24.5 flowers and 21.3 fruits per plant. In the Columbia River Gorge populations, very limited sexual reproduction has been well-documented since the 1980s. Most years produce few flowers and no fruit at either Pierce Island or the Hanford Reach populations (Salstrom et al. 2012; Caplow 2003; Salstrom and Gehring 1994; Gehring 1994, 1990; Camp 1992), and almost no fruit set has been observed on Hanford Reach transects since 1995 (Salstrom et al. 2012; Caplow 2003). When fruit does occur – naturally or in cultivation – seed development does not seem to be occurring in the Columbia River Gorge (Arnett personal communication 2016). For northern California populations few data are available on sexual reproduction.

To understand the species’ sexual capability, greenhouse studies show high reproductive potential in ideal growth conditions. Kentnesse (2017) reports that greenhouse cultivated plants produced 101.0 flowers per plant on average, and 2.1 fruits per plant (n = 539). The maximum number of flowers produced by a single stem in greenhouse conditions was 607 flowers. As one might expect under conditions of unlimited access to nutrients, and reasonably ideal sunlight and warmth, greenhouse plants produced more flowers per plant on average than all naturally-occurring populations, with the exception of the Paulina Marsh site. The higher number of average flowers per plant from Paulina Marsh samples can be understood as a function of the exceptionally large plant sizes in the Paulina Marsh population. Greenhouse plants were limited by a 4” x 4” pot that could not possibly support Paulina Marsh-sized plants, some of which grow to 1.5 feet in diameter (Gehring 1992). The large disparity between greenhouse flowering and fruit set is discussed above in the “Mating Systems” portion of Section III.A.2.

[bookmark: _Toc499067889]Table 1.  Fecundity of Southern Oregon Rorippa columbiae plants over multiple sites and years.                
*  =  seed counts were not conducted.
	Site
	Year
	Flowers per plant (mean)
	Fruits per plant (mean)
	Mature seeds    per fruit (mean)
	Aborted seeds    per fruit (mean)
	Mature seeds per plant (mean)
	Aborted seeds per plant (mean)
	Sample size

	Foley Lake
	1990
	25.3
	23.7
	4.9
	27.8
	126.9
	971.8
	n = 20

	Featherbed Lake
	1990
	34.2
	29.6
	21.9
	34.3
	1346.8
	544.3
	n = 20

	Buck Creek Trib
	2016
	0
	0
	- *
	- *
	- *
	- *
	n = 7

	Featherbed Lake
	2016
	0.03
	0
	- *
	- *
	- *
	- *
	n = 30

	Klamath Lake LT
	2016
	5.5
	4.6
	- *
	- *
	- *
	- *
	n = 30

	Seput Land Exch.
	2016
	8.6
	8.3
	- *
	- *
	- *
	- *
	n = 12

	Stukel Mountain
	2016
	9.4
	8.1
	- *
	- *
	- *
	- *
	n = 12

	Dam’s Canyon
	2016
	36.1
	30.4
	- *
	- *
	- *
	- *
	n = 30

	Sprague River
	2016
	63.2
	55.2
	27.3
	3.5
	1507.0
	193.2
	n = 30

	Paulina Marsh
	2016
	182.9
	176.9
	48.1
	1.0
	8505.9
	176.9
	n = 30



Description of Vegetative Reproduction
Rorippa columbiae reproduces asexually by vegetative clonal growth. There has been some terminology discrepancy in distinguishing root from rhizome for the taxon. Previous reports on the species (Gehring 1991, 1992; Kaye and Massey 1991) have frequently described clonal growth by rhizomes or rooting at the nodes of above-ground stems. Stukey (1972) describes members of the section Sinuatae as having both underground roots and stems, which are horizontal, spreading and slender. However, treatments such as the Jepson Manual (Baldwin et al. 2012) state that the species has creeping roots, with no mention of rhizomes. Similarly, Rollins (1993) does not mention rhizomes when describing Rorippa columbiae. Pavlik and Murphy (2002) posit that related-species Rorippa subumbellata likely forms an underground system of meristematic roots that spread laterally and vertically. This may be true for R. columbiae as well. Kentnesse (2017) observed that root material near root tips regularly produced new green, leafy ramets when exposed to light (Appendix D.1, photographs). Most if not all of the underground rhizome or root material can produce viable shoots, including small segments from just below the soil surface, to the root tip itself (Kentnesse unpublished data). Examination of clonal plant tissue under a microscope would help rectify this anatomical question.

A few exploratory efforts have quantified some of the dimensions of vegetative reproduction, providing insight into the species’ clonal behavior. Many reports suggest that Rorippa columbiae that grow in distributional clumps may be largely clonal, and composed of one to thousands of ramets (Gehring 1994, 1992; Caplow 2003). Meinke (2002) investigated genet size through careful excavation of a steeply eroded stream bank at the Dam’s Meadow population in southern Oregon, and discovered 48 ramets comprising a single genet that was approximately 3 meters in length. In cultivated settings, the largest recorded genet spread has also been nearly 3 meters length of continuous rhizome in a backyard garden setting in Richland, Washington (Abel personal communication 2016). In the 2016 greenhouse propagation study, Kentnesse (2017) found that after 4 months of growth, roots that initially measured 10 cm had grown to an average of 140 cm (1.4 m) in length (n= 10) with numerous shoots emerging from different sections of the root system (Appendix D.1, photographs). The vegetative reproduction of these greenhouse plants was constrained by 7.75” x 12.5” tree pots, and it is highly likely that with access to more space and resources, vegetative growth could have been far more extensive. A few Columbia yellowcress specimens have been carefully excavated in natural populations to determine if there is a threshold distance at which two stems are more likely to be genetically identical ramets, or separate individuals.  At Pierce Island, Washington, Habegger et al. (2001) found rhizomes linking ramets as much as 1 meter apart. Kentnesse (2017) found several genetically connected ramets at distances as little as 1 – 2 cm apart at Foley Lake during 2015 field surveys. However, she also found genetically separate individuals at a distance of 2 cm apart from one another. These results reinforce the need for caution in thinking about stem distance as an indicator of vegetative versus sexual growth. At very small distances (e.g. 2 cm), it may be tempting to assume stems are clonal ramets, but they can be genetically distinct individuals. At large distances (e.g. 1 – 3 m), it may seem likely that stems are the result of sexual reproduction and are separate plants, but this is not always the case as R. columbiae has been shown to be capable of extensive vegetative growth and reproduction.

Sexual versus Vegetative Reproduction:  strategies and implications
The Columbia yellowcress employs both sexual and asexual strategies, and each offers benefits and drawbacks to the species. There are many advantages of clonal reproduction for R. columbiae. Vegetative reproduction permits rhizome movement into resource-rich underground spaces, resulting in fairly quick increases in plant size and asexual recruitment. Rhizomes will search for new resources and then consolidate their hold, sending up ramets in response to resource-rich patches of light, water or nutrients (de Kroon and Hutchings 1995). These rhizomatous systems also serve a storage function for the plant, allowing perseverance by dormancy when habitat conditions are not ideal, and giving the Columbia yellowcress a reproductive head start at the beginning of the growing season (Geber et al. 1996). Clones also face fewer obstacles to generating and maintaining new ramets when compared to challenges in the sexual sequence of pollination, seed dispersal and seedling recruitment (Harper 1977). The major cost of reproducing vegetatively is genetic uniformity, resulting in clones with limited allelic diversity to respond to changing environmental conditions. This is one reason why vegetative reproduction is commonly successful in stable, homogenous environments to which they are fairly well-adapted (Grant 1981).

By contrast, the primary benefit of sexual reproduction is that it generates genetic variability that can respond to a changing environment when subject to selective pressures (Grant 1981). In addition, seed development permits a sessile plant some degree of habitat “choice” through dispersal. R. columbiae produces numerous small seeds as a mechanism of dispersing offspring to potentially favorable habitat, where they may successfully establish. This strategy can allow for expanded distribution within existing Columbia yellowcress habitat, or potentially colonize new habitat (Bazzaz 1996). A disadvantage of sexual reproduction is the high metabolic energy costs to create reproductive structures, and the inevitable expenditure on unfit individuals and many that will not successfully germinate and establish. This significant diversion of resources into reproductive efforts can affect the parent plant’s survival, growth and future reproductive efforts. 

Rorippa columbiae frequently uses both reproductive strategies, but on a site-by-site basis may rely on one more heavily than another. The literature suggests that natural selection directs resource allocation between these reproductive modes, generating reproductive strategies adapted to the environment of each site (Zhang and Zhang 2007). It is hypothesized that the dominant selective pressure for R. columbiae is moisture stress, primarily from inundation, but also from drought. 

Recent atypical inundation patterns in the Columbia River Gorge may be shifting populations that once experienced a blend of sexual and vegetative strategies, to a heavy reliance on clonal growth. Survey records show that flowering plants are increasingly uncommon and fruit and seed set is essentially nonexistent for Columbia River Gorge R. columbiae populations (Arnett personal communication 2016; Salstrom et al. 2012; Caplow 2003). Botanists attribute this sexual decline to atypical patterns of prolonged seasonal inundation and daily water level fluctuations due to dam water management regimes. In addition, low plant elevation and high exposure to river current intensify the inundation that R. columbiae experiences. The combined effect of these environmental conditions creates a growing season too short to support sexual reproduction in these populations (Salstrom et al. 2012; Habegger et al. 2001; Salstrom and Gehring 1994; Scherer and Young 1992; Harris 1992). In the absence of sexual reproduction, it can be deduced that the remaining populations maintain and reproduce clonally. 

The Columbia River Gorge populations’ current reliance on vegetative reproduction may be insufficient for long-term persistence, however. Overall, the region’s R. columbiae populations have experienced dramatic declines from millions of stems reported in the Hanford Reach in the mid-1990s, to approximately 90,000 stems by 2011 (Salstrom et al. 2012). Rorippa columbiae is likely adapted to the lower Reach habitat where stem declines are most apparent, and may have inadequate genetic diversity to respond to the dynamism of the frequently changing, lotic environment. This is a common challenge and outcome for asexual species’ success in dynamic environments (Grant 1981).  

Columbia yellowcress also experiences stress from insufficient water supplies, though almost nothing is known about how low water availability may influence the reproductive strategy for the species. Biological reports from southern Oregon and northern California discuss stem declines in low water years, followed by rapid population expansions in high water years, or following significant precipitation events (Kaye and Massey 1991). Stuckey (1972) and Goldenberg (1993) have both noted that rhizome dormancy is a preservation strategy during drought periods, but nothing is known about seed bank dynamics in drought. 

Further research is needed to understand the blend of sexual and vegetative strategies on a site by site basis over time, and to understand the relationship between moisture availability and reproductive strategy. Populations that don’t appear to be successfully reproducing by seed should be of conservation concern, as clonal propagation can lead to increased genetic homozygosity and inbreeding depression, particularly for small populations (Silvertown and Charlesworth 2001). While the Columbia River Gorge populations are the obvious example of R. columbiae not reproducing sexually, there are a small number of southern Oregon and northern California populations that appear largely or entirely vegetative. These populations should be given a closer look. One conservation goal for this species is to see robust vegetative and sexual reproduction in every population.

Greenhouse cultivation from seed and rhizome
Several Rorippa columbiae cultivation efforts have occurred over the last few decades. The largest scale project has been the Kentnesse (2017) greenhouse propagation study, which is described in more detail below. Meinke (2002) also conducted a small scale cultivation investigation, growing R. columbiae from rhizome fragments in 21 pots over a nine-month period. He measured number of ramets per pot, and qualitatively described the vigorous growth observed. In Washington, USFWS volunteer Jane Abel has been growing R. columbiae in her backyard since 2009. Some of the plants were sourced from four Wooded Island Hanford Reach cuttings in 2009 and some from Vernita Bridge Hanford Reach cuttings in 2014. The 2009 plants have grown to 9-feet in length, and both sets of cuttings are producing flowers and fruit, but no seed (Abel personal communication 2016). In 1991, Pam Camp, BLM botanist, reportedly collected rhizome fragments to grow indoors at the Wenatchee, Bureau of Land Management office (Salstrom and Gehring 1994). 

All cultivation efforts have demonstrated that Rorippa columbiae establishes easily and is characterized by vigorous vegetative growth. Wild-collected rhizome fragments rapidly outgrow small containers requiring replanting in larger pots where R. columbiae will quickly maximize that space as well. The plants generate many ramets, and significant above-ground biomass and below-ground root mass. Cultivated Columbia yellowcress can also be watered infrequently, left to dry out and wilt, and more than 90% will survive when re-watered. Researchers note that the species is susceptible to insect pests and fungal infections in a greenhouse setting, but that the problem can mostly be prevented by avoiding excess watering and periodically allowing the soil to dry in the growing pots (Kentnesse 2017; Meinke 2002). There is no question that Rorippa columbiae grows very successfully in a greenhouse environment, and that greenhouse propagation methods would be useful for potential plant reintroduction projects. 

Kentnesse (2017) has undertaken the largest cultivation experiment to-date, methodically recording similarities and differences between seed and rhizome performance in a greenhouse setting. The author planted 800 pots with three treatments: propagule type, material source site, and soil type. Four hundred pots were planted with seed, and 400 with 5-cm rhizome fragments. Half of the pots received material from the Paulina Marsh site in Lake County, and half received material from Sprague River Main in Klamath County, Oregon. Finally, four different soil types were used, including Paulina Marsh native soil, Sprague River native soil, and two different greenhouse potting mixes. R. columbiae plants were grown for 60 days, and vegetative and reproductive growth metrics were recorded. Results demonstrated that rhizome propagules almost always outperform seed propagules. Rhizome propagules emerged and established more rapidly, with first emergence evident in less than 7 days for 119 plants. The first seed-sourced seedlings started to emerge by day 10, though only for 42 individuals. By the final experimental day 60, 47.1% of rhizome fragments had successfully established plants on average, whereas the seed recruitment rate was 20.3% on average across all soil and site-source types. In measures of vegetative growth such as numbers of ramets and leaves, and stem height, and measures of sexual growth such as presence of buds and flowers, and numbers of flowers and inflorescences, rhizomes outperformed seeds in every category. For more detailed experimental results, including effects of soil type and site-source on Columbia yellowcress growth, see Kentnesse (2017).

Pollination Ecology  
Rorippa columbiae inflorescences are moderately showy, elongated racemes that produce sufficient pollen and nectar to attract a wide range of pollinators. Individual floral morphology also suggests that the species is well-adapted for insect pollination. The plant possesses six long exerted stamens, a long, pubescent pistil, and bright yellow coloration (Meinke 2002; Stukey 1972).

Three studies in southern Oregon (Table 2) have undertaken pollinator surveys in an effort to track visitations to Rorippa columbiae flowers (Kaye and Massey 1991; Meinke 2002; Kentnesse 2017). Each study shared a similar objective of determining whether Rorippa columbiae appeared pollinator limited. The purpose of the studies was not to create a comprehensive list of insect visitors. Kaye and Massey (1991) observed and collected insect visitors at three Malheur Lake sites in Harney County, between June 27 and July 2, 1990. They found eight species of solitary bees and wasps representing five families, and two species of flies from one family. Meinke (2002) documented pollinators at the Dam’s Meadow site in Klamath County in mid-June and mid-July of 2001, and at the Silver Lake site in Lake County in mid-July and mid-September, 2001. Meinke also found that the most common visitors appeared to be solitary bees and wasps, which accounted for over 90 percent of the hundreds of total visits observed. Twelve species of solitary bees and wasps representing six families, and flies from two families were reported for the study. Kentnesse (2017) observed and collected pollinators from the Sprague River Main site in Klamath County and the Paulina Marsh site in Lake County between July 12 and 15, 2017. The author found at least six species of solitary bees and wasps representing five families, three species of flies from three families, beetles and moths. In this study, flies were the dominant visitor (46.6%), followed by bees and wasps (36.6%), beetles (13.3%), and then moths (3.3%). The only documented pollinators from the Columbia River Gorge have been butterflies and moths in the Hanford Reach of Washington. They were seen visiting R. columbiae flowers during September 1993 (Salstrom and Gehring 1994).

All pollinator studies concluded that R. columbiae does not appear to be pollen- or pollinator-limited (Kentnesse 2017; Meinke 2002; Salstrom and Gehring 1994; Kaye et al. 1993). Pollinator visits appeared plentiful, with generalist species moving between flowers and ramets frequently, seemingly gathering pollen and nectar as they traveled. Several vistors were netted and examined and nearly all carried Rorippa columbiae pollen (Appendix D.1, photographs), providing reasonably good evidence that the species is neither pollen- or pollinator-limited. In addition, Columbia yellowcress has a long period of anthesis, with floral displays occurring from May through September depending on the site and year (Table 3). This long window of opportunity for pollination events further supports the likelihood of adequate pollinator access to the species. 

It should be noted that even if pollinators are successfully moving R. columbiae pollen from plant-to-plant, given the highly clonal nature of the species, insect visitors may be pollinating genetically-identical ramets in some cases. In small populations of 3 to 12 stems, it is quite possible the stems represent one genetic individual, in which case subsequent fruits are being produced autogamously. Meinke (2002) conducted a small study to investigate how seed set is affected by geitonogamy, outcrossing with pollen from the same site, and outcrossing with pollen from different sites. Results showed that seed set was significantly enhanced by outcrossing treatments, suggesting that insect-mediated pollination plays an important role in ensuring that seed production and genetic diversity are maintained for Columbia yellowcress populations.

Caution should be exercised in attempts to compare pollination study results between years (1990, 2002, and 2016). Differences in species richness and abundance could be attributed to many factors such as differences in collection methodology, species identification efforts, and unrecorded protocol details such as collection time of day and site-specific environmental factors, including biological communities that may entice pollinators differentially. 








[bookmark: _Toc499067890]Table 2.  Pollinators observed at Southern Oregon Rorippa columbiae sites (1990, 2002, 2016)
	
	1990
June 27 – July 2
Malheur Lake

	2002
Mid-July; Mid-Sept 
Silver Lake
& Dam’s Meadow
	2016
July 12 – 15
Paulina Marsh
& Sprague River

	Order Hymenoptera  (bees, wasps)
	
	
	

	Andrenidae  (mining bees)
	
	
	

	      Andrena sp.
	
	
	

	 Apidae  (bumble, honey, horned bees) 
      Anthophora sp.
      Bombus sp.
      Melissodes sp.
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Colletidae  (plasterer, masked bees)
	
	
	

	      Colletes sp.
	
	
	

	Halictidae  (sweat bees)
	
	
	

	      Halictus sp.
	
	
	

	      Conanthalictus sp.
	
	
	

	      Lasioglossum sp.
	
	
	

	      Sphecodes sp.
	
	
	

	Ichneumonidae  (Ichneumon wasps)
	
	
	

	Megachilidae  (leaf-cutter, mason bees)
	
	
	

	      Ashmeadiella sp.
	
	
	

	      Heriades sp.
	
	
	

	      Osmia sp.
	
	
	

	Perilampidae  (Chalcid wasps)
	
	
	

	Sphecidae  (thread-waisted wasps)
	
	
	

	      Sphecini sp.
	
	
	

	      Ammonbiini sp.
	
	
	

	Order Diptera  (flies)
	
	
	

	Bombyliidae  (bee flies)
	
	
	

	Dolichopodidae  (longlegged flies)
	
	
	

	Syrphidae  (Syrphid flies)
	
	
	

	Tachinidae  (Tachinid flies)
	
	
	

	Order Coleoptera  (beetles)
	
	
	

	Tenebrionidae  (darkling beetles)
	
	
	

	Order Lepidoptera  (moths, butterflies)
	
	
	

	Miscellaneous
	
	
	







Phenology  
The timing of phenological events for Rorippa columbiae appears closely related to the timing of seasonal water recession (Salstrom and Gehring 1994; Gehring 1993; Harris 1992; Scherer 1991). Columbia yellowcress seedlings have been reported to initiate annual, above-ground growth roughly two weeks following the disappearance of seasonal waters that had been inundating its habitat. In southern Oregon (Table 3), the timing of first vegetative growth is quite variable, starting between mid-April and early July depending on the site. The plant then matures quickly, often displaying buds and entering anthesis within one month or less of initial emergence. Fruits follow shortly thereafter, typically within a month of the flowering start. The phenological window for flowering and fruiting can be relatively short (1 month total), or persist for several months (3 or more months). The length of time that a Columbia yellowcress plant spends in any phenological stage may be related to the quantity of moisture in the soil. As moisture becomes less available, R. columbiae appears to terminate flowering and fruiting, dry out, and begin to die back for the winter. By contrast, if soils remain moist enough to support the species (perhaps due to high initial levels of seasonal moisture, soil type, or summer precipitation events), flowering and fruiting can continue into September or even October. In general, semi-arid sites such as Foley and Featherbed Lakes consistently have a shorter growing season than higher precipitation sites in Klamath County, Oregon. R. columbiae plants will dry and senesce between late July and late November, again, dependent upon the site.

Columbia River Gorge phenology differs somewhat substantially from the rest of the species’ range. First vegetative shoots appear approximately 10 to 14 days after seasonal water levels drop, and wet substrates are exposed. However, in most years, the Columbia River does not drop below the elevation of R. columbiae populations until late July or August, which is later than southern Oregon and northern California sites on average. In some years, R. columbiae habitat is not exposed until September (Salstrom and Gehring 1994; Gehring 1992; Harris 1992; Scherer 1991; Sauer and Leder 1985). Columbia yellowcress rarely flowers in the Columbia River Gorge anymore, and most ramets remain in a vegetative stage. Botanists attribute the region’s sharp decline in sexual reproduction to waterflow management practices that create irregular inundation patterns throughout the taxon’s growing season. In most years, Columbia River Gorge plants are above water for only two to three months during the growing season, and relatively recent hydroelectric reverse peaking practices introduce large daily water fluctuations that re-submerge habitat during that already-short season. This short exposure timeline may be insufficient for R. columbiae complete flowering and fruiting processes (Salstrom and Gehring 1994). When flowering does occur, it happens shortly after vegetative growth begins, as is common throughout the species’ range. Typically, Columbia yellowcress plants initiate flowering in August, or sometimes as late as September, and flowering will continue through September, October and occasionally November (Salstrom and Gehring 1994; Gehring 1992; Kaye and Massey 1991). In occasional years, R. columbiae habitat will be exposed during the spring, and R. columbiae has been seen in flower during April, May and/or June (Scherer 1991). Fruiting has also been uncommon in the Columbia River Gorge during the past two decades. When fruit does develop, seed maturation rarely follows (Arnett personal communication 2016). Silicles may not be able to complete development prior to inundation (Salstrom and Gehring 1994).  




[bookmark: _Toc499067891]Table 3.  Phenology data for Southern Oregon Rorippa columbiae sites (2016). Dates reflect site visit observations, and therefore are conservative timing estimates. Flowering and fruiting start dates are likely earlier, and end dates are likely later, than the dates listed in this table. “-“ represents that no sexual reproduction occurred at site. “e-“, “m-“ and “l-“ refer to early, middle and late portion of a given month.
	Site
	Last H2O seen
	Confirmed Dry
	Veg
start
	Flowering start
	Flowering end
	Fruiting start
	Fruiting end
	% pop sexual
reproduction

	Buck Creek Tributary
	6/18
	8/11
	July
	-
	-
	-
	-
	0%

	Dam’s Meadow
	Continuous H2O
	Continuous H2O
	June
	e. July
	Aug
	July
	l. Aug
	85%

	Featherbed Lake
	6/19
	7/10
	m.June
	m. June
	m.July
	m.July
	l. July
	25%

	Foley 
Lake
	5/15
	6/19
	e. June
	m.June
	e.July
	e. July
	l. July
	25%

	Paulina Marsh
	6/19
	7/13
	m.April
	l. May
	Sept
	m.July
	Sept
	60%

	Sprague River KLLT
	6/18
	8/9
	e. June
	l. June
	l. Aug
	July
	Sept
	30%

	Sprague River Main
	4/27
	5/14
	e. May
	l. May
	l. Aug
	e. July
	Sept
	70%

	Stukel 1
	6/18
	7/25
	June
	July
	l. Aug
	Aug
	Sept
	100%

	Stukel 2
	4/17
	5/14
	June
	July
	Sept
	Aug
	Sept
	50%



Seed Dispersal mechanisms 
Water is likely the primary dispersing agent for Rorippa columbiae (Goldenberg 1993; Gehring 1992). The taxon occupies a wide variety of watery habitats including shorelines of lakes and playas, marshes, mudflats and swales, banks of rivers, streams and creeks, as well as anthropogenic wetlands such as roadside, drainage and irrigation ditches, farm ponds and low-lying fields. It is common that species growing in or near water have adaptations that permit propagules to disperse by water (Nilsson et al. 2010). Seasonal inundation patterns typically submerge R. columbiae habitat during winter and spring months, driving water levels to their highest point along shorelines and stream banks. Warming temperatures, drainage and evapotranspiration later cause water levels to recede along elevation gradients. This annual water cycle lifts and transports fallen seeds from the previous autumn’s dehiscence, aiding in localized and broader dispersal patterns (Nilsson 2010).   

The hydrological connectivity of each R. columbiae site defines the potential extent of seed transport. Some systems are more hydrologically restricted, like the internally draining lakes and playas of southern Oregon and northern California. Endorheic basins such as Foley and Featherbed Lakes, or the historic R. columbiae habitat at Malheur Lake, have minimal outlets, and seed dispersal is typically limited to the seasonal high water marks of the basin. Depression habitats such as Stukel Mountain, Oregon, seem to function in a similar way, with seed largely confined to water fluctuation zones within the geologic depression. In the past, the Stukel Mountain 2 site was a ponding depression with an ephemeral vernal creek providing inflows and outflows. Adequate precipitation would cause spillover from the depression into the intermittent streambed below, likely carrying seed propagules that supported a creek-side population of more than 200 R. columbiae stems in the 1990s (Kaye 1996; ORBIC 2016). As precipitation regimes have been changing in southern Oregon (PRISM 2016), spillover may be far less frequent. Currently, no R. columbiae plants exist in the dry streambed below the depression (Kentnesse 2017; Malaby 2015, 2014), and the species has not been observed there since 1997 (ORBIC 2016). Reservoirs also support R. columbiae, such as the newly discovered Emigrant Lake and Malone Reservoir populations in Oregon. While these bodies of water do have outlets, dispersal seems more likely driven by water fluctuations, lake-like dynamics and shoreline colonization, rather than by its periodic outflows. All of the above examples of hydrologically restricted sites tend to constrain seeds within the local site, and typically do not contribute to larger metapopulation dynamics. 

By contrast, Columbia yellowcress dispersal is also governed by unrestricted riverine systems, which can be ideal for facilitating metapopulation dynamics. Significant flow velocities scour and erode banks, aiding the dispersal of seeds and rhizome fragments while simultaneously creating patches of exposed soil for propagules to colonize downstream. In addition, these riverine ecosystems seasonally inundate floodplains, creating an intricate drainage system with microhabitats of higher moisture availability. Since Columbia yellowcress are commonly located in floodplain swales, propagules likely find these environments to provide suitable habitat. Four Rorippa columbiae populations exist on the Sprague River in southern Oregon – Klamath Lake Land Trust, Sprague River Main, Seput Land Exchange, and Williamson River Delta – suggestive of downstream seed travel, colonization behavior, and metapopulation dynamics within the larger watershed. Some Rorippa columbiae sites have similar dynamics, but in much smaller and milder flow systems. Buck Creek Tributary, Dam’s Meadow, Dam’s Canyon and the historic spillover creek from the Stukel Mountain 2 site, are examples of this habitat type. Streams at these sites can be low-flow perennial or intermittent, and the less reliable water flows may limit hydrochory as well as overall population success for the Columbia yellowcress. 

Greenhouse experiments have demonstrated that R. columbiae seeds are well adapted for hydrochory. Kentnesse (2017) tested propagule buoyancy and viability in a greenhouse flotation experiment. 375 seeds were floated for one month in glass vials of tap water with 25 seeds per vial, and 375 seeds were held in waterless vials for one month as a control. Vials were gently shaken one time each week. The author recorded numbers of seeds still floating after one month, numbers of seeds that sank, and number of seeds that germinated during flotation. Results showed that following the flotation period for wet vials, 100% of seeds were still floating, none had sunk, and 44 percent of seeds had germinated while floating (Appendix D.1, photographs). Control vial seeds did not germinate. A subset of ungerminated wet and control seeds were then planted for 10 days to test for viability, and 36 percent of wet seeds successfully germinated when planted in soil, while 0 percent of dry seeds germinated within 10 days. These results suggest that imbibition may have occurred for wet seeds during the flotation period, accelerating their germination process. In fact, most seeds that germinated in soil did so within three days. 

Rorippa columbiae produces dehiscent silicle fruits that split open at maturity, releasing and dispersing many tiny seeds. Gravity is another primary mode of dispersal for the species (Kaye 1996), with seeds simply dropping out of the dehisced fruit not far from the parent. As an herbaceous perennial, seeds may also reach the ground by gravity as the parent ramet dies back for winter. It is possible that some seed is also dispersed via wind due to low seed mass and size. In southern Oregon, Lake and Klamath counties regularly report some of the highest average wind speeds in the state (USDOE 2016). Both of these abiotic mechanisms – gravity and wind – support dispersal over short distances, likely within 10 meters (Kaye and Massey 1991).

Animal vectors also probably disperse Columbia yellowcress seed to some extent, though such events have not been documented. Seeds do not possess specialized morphological structures beyond mild pubescence to aid in animal dispersal by attaching to feathers or fur (Salstrom and Gehring 1994). It is more likely that seed is carried externally on wet or muddy feet. Several monitoring and status reports suggest that migrating waterfowl are the most likely dispersing agents since R. columbiae is consistently found in wetland habitats with an abundance of birds (Gehring 1992; Kaye 1996). Southern Oregon and northern California populations are also frequently exposed to cattle, and occasionally deer or antelope, traffic. It would not be surprising if some seeds disperse by external adhesion to these ungulates. It is also possible that R. columbiae seeds are ingested by birds, rodents, or ungulates. Salstrom and Gehring (1994) note that the taxon’s seed coat may be resistant to digestive acids. This is a common phenomenon among Brassicaceae taxa, which supports the theory of ingestion and passage as a possible dispersal mechanism. Animal-mediated dispersal may support mid-range (ungulates) to longer-range (birds) dispersal distances (Kaye 1996), occasionally transporting seeds outside existing populations and facilitating gene flow to new locations.

Germination Ecology 
R. columbiae seeds are small (0.7 – 0.9 mm in diameter), typically ovoid-spheric and flattened, tan-orange in color, and somewhat reminiscent of small legume seeds. The species is often described as bearing 20 to 40 seeds per fruit. Stukey (1972) reports 20-30 seeds per fruit, and the Jepson Manual mentions 24 to 40 seeds per silicle in its treatment of Rorippa columbiae (Baldwin et al. 2012). However, the Flora of North America points out that the number of ovules per ovary is a key taxonomic character in the Rorippa genus, helping to quickly differentiate closely related species, and that simply counting the number of mature seeds per fruit can be misleading since not all ovules develop into mature seeds (Al-Shehbaz 2010). According to JL Stukey (1972), Rorippa columbiae possesses 48 to 64 ovules, which would suggest that it is fairly common that not all ovules develop into mature seeds.

The Kaye et al. report (1993) corroborates the theory that seed number and ovule number may often be quite different for Columbia yellowcress. The authors discovered Featherbed Lake plants produced on average 21.9 mature seeds, 28.3 partially developed seeds, and 5.0 undeveloped seeds per fruit, totaling 55.2 ovules per fruit. Foley Lake plants produced 4.9 mature seeds, 16.3 partially developed seeds, and 11.5 undeveloped seeds per fruit, totaling 32.9 ovules per fruit. Similarly, Kentnesse (2017) found that at the highest seed producing site, Paulina Marsh, plants produced an average of 48.1 mature seeds per fruit, but ranged from 29 to 64 mature seeds. The sole silicle that produced 64 mature seeds did not appear to contain any partially-developed seeds or undeveloped ovules. 

Rorippa columbiae can be a prolific seed producer. The taxon can produce 64 mature seeds per fruit, as many as 4,033 fruits per ramet, and an unknown number of fruits per genet. The Paulina Marsh ramet bearing 4,033 fruits likely carries approximately 200,000 seeds alone (Kentnesse 2017).

Dormancy
A few studies have investigated the effects of light, temperature, and cold stratification on Rorippa columbiae germination, leading to a clearer understanding of the species’ relationship with dormancy. Columbia yellowcress appears to possess a distinct light requirement for germination to occur successfully. Kentnesse (2017) planted 600 Sprague River Main seeds and 600 Paulina Marsh seeds in a greenhouse environment, 200 from each source in 100% light, 50% light, and 0% light. On average, 91% of seeds germinated in 100% light, 71.5% germinated in 50% light, and no seeds germinated in 0% light. These results are not particularly surprising given that species that grow in seasonally flooded habitats often have a light requirement to ensure emergence from shallow water (Baskin and Baskin 1998), and sometimes to ensure germination in a less competitive environment (Klimesova et al. 2004). 
Kentnesse (2017) also investigated the effect of temperature regime on the species by placing petri dishes of 50 seeds each into two diurnal growth chambers for 30 days total. A 4/18C temperature regime chamber was intended to mimic early spring temperatures in southern Oregon, and a 15/25C chamber mimicked average early summer temperatures in the region. Germination counts were recorded every five days. Results showed that seeds in the higher temperature chamber had higher germination rates than the lower temperature chamber, and that the results did not depend on time. This experiment also sourced seeds from both Paulina Marsh and the Sprague River Main, and Paulina Marsh seeds performed significantly worse than Sprague River Main at both temperature regimes. None of the Paulina Marsh seeds germinated in the 4/18C regime. 

The effect of cold stratification treatment has been studied by both Meinke (2002) and Kentnesse (2017), yielding similar results. Meinke (2002) conducted germination trials on petri dish-plated seeds, pre-chilling half of the seeds at 3-4C for 60 days, and designating the other half as a control. The seeds that did not receive cold stratification produced better results, with 56% germination compared with 44% for those that received the cold stratification treatment. Kentnesse (2017) plated seeds onto petri dishes, and placed them in a walk-in 5C refrigerator for varying lengths of time (90 days, 60 days, 30 days, 14 days, or 0 days) prior to counting germinants. Similar to the Meinke study, results showed that zero days of cold stratification tended to produce higher germination rates, but the results were not significant. The authors both concluded that Rorippa columbiae can successfully germinate with or without cold stratification, but tends to perform better without the cold period. 

All germination investigations from southern Oregon seed seem to demonstrate that Columbia yellowcress is capable of producing germinable seeds in high quantitites given the right environmental conditions. These studies indicate no dormancy in seeds collected a few months prior to testing and treatments.

Seed bank dynamics 
Relatively little is known about seed bank dynamics for Rorippa columbiae. The taxon appears to maintain a persistent, multi-year seed bank. There are several documented examples of population or sub-population declines to zero plants, and then re-emergence in subsequent years (Posey 2016; Cavaille 2007; Habegger 1997), which suggests that the species can re-colonize sites from a local seed pool (Section III.C, cyclic temporal population trends).

The length of ex situ or in situ seed viability is mostly unknown. Seeds of this species can likely remain viable for a considerable amount of time. Close-relative Rorippa subumbellata of Lake Tahoe has demonstrated germination capability after 5 years of ex situ storage (Ingolia et al. 2008). For Rorippa columbiae, the longest documented seed storage has been 15 months in the Kentnesse (2017) study. Germination rates were high after 15 months, achieving an average of 92% germination under ideal conditions. However, dry seed storage does not mimic environmental seed bank conditions. When seeds can and do remain viable in a laboratory setting, it is challenging to know if they maintain viability similarly in the wild. For the Columbia yellowcress, its natural habitat is saturated, reduced soils for at least part of the year, which is a very different environment than ex situ conditions. 


Seedling recruitment and establishment
Many southern Oregon and northern California R. columbiae plants produce prolific quantities of seed, yet it is not known how often seedling recruitment and establishment follows. Columbia yellowcress seedlings have not often been observed or recorded (Salstrom and Gehring 1994). This may be a function of untrained eyes not being able to tell the difference between seedlings from seed versus rhizomes (Appendix D.2, photographs on identifying seedlings) or between juveniles and adults. See Section III.D on Demography for a detailed description of challenges with ascertaining population births.

Successful seedling establishment is known to require both a sufficient quantity of seeds, and a sufficient quantity of environmental “safe sites” – heterogenous microhabitats that provide precise conditions to support seedling growth (Harper 1977). R. columbiae habitat consists of disturbed, moist ground during and following seasonal inundation, which may or may not provide the environmental support that a single seedling needs to get started. Much is unknown about R. columbiae’s environmental needs to support recruitment and establishment.

Seed predation and loss
Little information is available regarding seed predation for Rorippa columbiae. Some seed loss inevitably occurs when the taxon is grazed (Kaye and Massey 1991). However, the field studies that have most closely inspected seed development, scrutinizing the interior of numerous fruits under a microscope, have reported no evidence of pre-dispersal seed predation (Kentnesse 2017; Kaye and Massey 1991).

Phenotypic plasticity
Rorippa columbiae exhibits considerable phenotypic variability (Appendix D.1, photographs). Overall plant size and mature stem heights vary significantly between sites. In 2016, Kentnesse (2017) recorded growth metrics for thirty (when possible) randomly-selected plants at each study site in southern Oregon. The shortest recorded adult R. columbiae stem height was 1.1 cm (Featherbed Lake), and the tallest was 39.2 cm (Sprague River KLLT). Number of leaves per plant varied from 5 (Buck Creek Tributary) to 754 (Paulina Marsh) leaves. Inflorescences per plant were commonly 5 or less, but could achieve 258 inflorescences per plant (Paulina Marsh). Numbers of flowers and fruits per plant varied from no evidence of sexual reproduction to 4,033 fruits (Paulina Marsh), with a median of 21.3 fruits per plant across all sites. In southern Oregon, Foley and Featherbed Lakes consistently produced the smallest plants by all recorded metrics, and Paulina Marsh produced the largest. Rorippa columbiae at Paulina Marsh appeared almost sub-shrub-like in its habit, forming a large, mounded plant that can achieve 1.5 feet in diameter. Sprague River Main, Sprague River KLLT, and Dam’s Meadow also produced sizeable plants. In the laboratory, Kentnesse also compared several fruit and seed characters, measuring number of seeds per fruit, abortions per fruit, and length and width dimensions for 30 Paulina Marsh fruits and 30 Sprague River Main fruits. Results indicated an average of 48.1 seeds per pod for Paulina Marsh, and an average of 27.3 seeds per pod for Sprague River Main. Average fruit length and width for Paulina Marsh was 6.6 mm and 2.6 mm. Average dimensions for Sprague River fruits were 4.9 mm length and 1.9 mm width. Seed abortions for both sites were low, with 2.5 abortions per fruit on average, and no significant difference existed between sites. 

Rorippa columbiae plants have also demonstrated plasticity over time in response to environmental changes. Gehring (1994) initiated a permanent plot quantitative monitoring program to ascertain population size changes over time, and over a range of conditions. Columbia River Gorge populations are typically challenged by excess inundation that shortens the plants’ growing season. In 1992, Gehring found that low river levels resulted in an increase in clonal density and percent reproduction on Pierce Island. Data collected over multiple years indicated significant between-year differences in stem height for most transects. Gehring concluded that yearly variation in clonal density and stem heights is due at least in part to annual variation in river levels. R. columbiae appears able to respond to favorable growing conditions.

The taxon’s obvious phenotypic variability and plasticity prompted Sauer and Leder (1985) to suggest that three distinct morphs of R. columbiae may have evolved: 1) a Columbia River morph that exhibits decumbent, trailing stems less than 30 cm long, 2) a northern California lava beds morph that is erect, freely branching, spherically shaped, and 30 cm in diameter and height, and 3) a south-central Oregon morph with stems of intermediate size and habit. Most field surveys, reports, and photographs contradict this theory (Kentnesse 2017; CNDDB 2016; ORBIC 2016; WNHPDB 2016; Kaye 1996; Gehring 1992). Plants with little or no stem development, as well as upright stems have been observed along the Columbia River. Southern Oregon Columbia yellowcress exhibit a high degree of size and habit variability, as has been described above. Similarly, northern California plants show considerable variability from decumbent to upright habits. Plants at Paulina Marsh, Oregon, stand out as distinctly different by a number of measures, which warrants further research into the populations’ comparative genetic variation with R. columbiae at other sites. To date, R. columbiae has traditionally been treated as a primitive taxon within the genus, with no infraspecific taxa (Stukey 1972). Gehring (1992) posits that the species’ phenotypic plasticity is likely a result of water regime and availability. One would expect that plants with an abundant water supply and long growing season could grow larger and branch more than plants that are limited in one of these factors. She further suggests that Sauer and Leder (1985) were probably limited by the small sample size available from herbarium specimen analysis.

Hybridization
While hybridization has been documented between European species of Rorippa, hybridization within the genus is uncommon in North America (Al-Shehbaz 2010). With regards to Rorippa columbiae, there is no evidence of hybridization between the taxon and other species of Rorippa (Stukey 1972). Salstrom and Gehring (1994) have noted that congeneric species do occur near and in R. columbiae habitat - including the relatively common associate Rorippa curvisiliqua – however, these species are not closely related to the Columbia yellowcress, and no hybrid forms have been observed in the field. Among the three most closely-related section Sinuatae members, Rorippa subumbellata, Rorippa calycina, and Rorippa columbiae, there is no overlap between geographic ranges or opportunity for hybridization.

Observing the species
[bookmark: _Toc311209015]Columbia yellowcress is most distinctive when in anthesis. The species possesses small, bright yellow flowers that grow in clusters on elongated racemes, and the overall effect is fairly showy. The flowering period can range from late May to October depending on the site. Average peak flowering occurs in late July, though arid sites often peak earlier than the average, and Columbia River Gorge sites peak in August. The yellow coloration is eye-catching since the species often grows among other small, green forbs, and occasionally grasses. In some sites, Rorippa columbiae remains green later in the season than other herbaceous species that have scenesced, making the taxon more easily observable and identifiable. See Section II.B for information on look-alike species that can make R. columbiae challenging to identify. To successfully observe this species, it is advisable that the viewer visit known sites during the bloom period, and look carefully during survey or monitoring activities. 


[bookmark: _Toc499067035]B.  Range, Distribution, and Abundance
Current and historic range  
Current Range
The current global range of Rorippa columbiae has been reported from as far north as the Hanford Reach of the Columbia River in Washington, to as far south as Lassen National Forest in northern California. Extant Rorippa columbiae populations are clustered into two, discontinuous population centers: the Columbia River Gorge and Southern Oregon / Northern California (Figure 3). Abundance of Rorippa columbiae individuals is unevenly apportioned between population centers with nearly 80% of known stems occurring in the Columbia River Gorge population center, and just under 20% in Southern Oregon / Northern California (Figures 2, 4). One population – the Hanford Reach, WA – hosts approximately 74% of the species. In 2016, the total R. columbiae stem count for the full range was 121,553 stems (WNHPDB 2016; ORBIC 2016; CNDDB 2016; recent site survey forms). Distribution within each population center is discussed in the “Distribution and Abundance” section below.

Range, distribution and abundance data have been sourced from fairly reliable site surveys and databases that document population counts, phenology, and distinguish between historic and extant sites. In the past few decades, more consistent counting methodologies (clarifying stem versus clump counts for this rhizomatous species), higher GPS accuracy, shared digital databases, and consistency of botanists working with the taxon across years, have all permitted a more accurate and reliable understanding of the species. Washington populations have been most consistently surveyed in modern times, though the Hanford Reach population is difficult to evaluate due to the size of the population. Salstrom et al. (2012) reports the most recent abundance data from south and west shorelines of the river in that region. Southern Oregon populations have periodically been surveyed, though typically not simultaneously across the local range. Kentnesse (2017) provides the most up-to-date population data for the regional range, with 2016 abundance data from all southern Oregon sites. Northern California sites appear to have received the least survey activity of the Rorippa columbiae range, though a few sites have received constant monitoring for many consecutive years (Posey 2016).

To confirm current range and distribution knowledge, additional efforts have been made to survey habitat suspected to potentially support Rorippa columbiae populations. In Washington, substantial riparian habitat along the Okanogan, Methow, and Wenatchee Rivers was searched during October 1993. In Oregon, numerous surveys of potential Lakeview Area habitat have occurred. In 1983, BLM Lakeview District botanists surveyed 6 lakebeds in the uplands between Warner Valley and Guano Valley (Long Lake, Moon Lake, Weed Lake, Egg Lake, Corral Lake, and Jack Lake), 8 sites along the Abert Rim near Foley and Featherbed Lakes (Thorne and Wisdom Lake, Mule Lake, Binkey Lake, and nearby unnamed lakes), and 6 sites north of the Abert Rim (Sagehen Lake, a roadside waterhole SW of Large Lake, Twin Lakes, Eagle Butte Lake, and adjacent unnamed lakes along Corn Lake Road). In 1990, Kaye and Massey (1991) explored small lakes near the town of Plush (Horsehead Lake, Gibson Lake, Mud Lake, Mud Lake Reservoir, Famine Lake, and numerous unnamed lakes), and small lakes in the Rabbit Basin (Dog Lake, Skookum Lake) where Foley and Featherbed Lakes are connected by intermittent drainages. In 2016, the west side of Willow Valley Reservoir near the boat launch was searched for evidence of Rorippa columbiae. All surveys in this section resulted in no new population discoveries. Maps of 1983 and 1990 Lake and Harney County scouting surveys are included in the Kaye and Massey (1991) report.

Historic Range
It is likely that the historic range for Rorippa columbiae is fairly consistent with the current range. There are no records to indicate that Columbia yellowcress plants occurred further north or south of existing populations. Only one California population occurred a little further west, and two populations in Oregon occurred a little further east compared to modern R. columbiae sites. The key difference between the current and historic range for the species is that extirpated sites in central and northeast Oregon suggest that the species’ range may have once been continuous. For example, Oregon’s historic Prineville and Baker City sites are both roughly equidistant between the population centers of the Columbia River Gorge and southern Oregon – northern California. 

In the past, Rorippa columbiae was likely more abundant and widespread throughout its range. The taxon’s distribution appears associated with the Columbia River lava plateau of Tertiary age, where perhaps it functioned as a pioneer species on newly formed soils. The species is also associated with the ancient pluvial lakes and wet valleys of the Pleistocene epoch, when heavy precipitation provided fluctuating watery habitats. Stukey (1972) posits that range fragmentation may have occurred as the region became increasingly arid, further isolating the relictual species. 

[image: ]Occasional taxonomic treatments reference a range for the Columbia yellowcress that extends as far east as Nebraska. However, this misinterpretation is the result of historic taxonomic confusion between Rorippa calycina and Rorippa columbiae in Nebraska, Montana and New Mexico (Stukey 1972). Modern classification of herbarium specimens limits the range of the Columbia yellowcress to Washington, Oregon and northern California.



[bookmark: _Toc499067875]                                              Figure 2.  Proportion of total Rorippa columbiae stems by region, 2016.
[bookmark: _Toc499067876][bookmark: _Toc499067877][image: ][image: ]Figure 3.  Rorippa columbiae range map. Gray boxes indicate the two                 Figure 4.  Rorippa columbiae range map by population size. Bubble size     population centers for the species. Data compiled from state             	indicates relative population size for extant populations. Data compiled 
on-line databases, sighting reports, and herbarium specimens.                              from state on-line databases, sighting reports, and herbarium specimens.

Local Distribution & Abundance
Columbia River Gorge
[bookmark: _Toc216580818][bookmark: _Toc354404635]The Columbia River Gorge population center consists of at least 23 extant Rorippa columbiae populations, grouped in two primary areas: the Lower Columbia and the Hanford Reach (Figure 5). The Lower Columbia area is composed of 7 extant populations. Four occur just four miles downstream of the Bonneville Dam in Washington. Three additional populations occur in Oregon, 26 and 52 miles further downstream. In the Hanford Reach, at least 16 populations occur within the 40 miles of shoreline below the Priest Rapids Dam. Populations are not as clearly defined in this area due to both intermittent and continuous spatial distribution, high numbers of stems, and annual stem count variability. In addition, local botanists have not clearly defined subpopulations in either the Hanford Reach or Lower Columbia regions (Table 4). The two groups of Rorippa columbiae populations are separated by approximately 170 river miles, and four dam and reservoir systems. As a perennial river system, biological connectivity likely exists within the Hanford Reach, and within localized population clusters on the Lower Columbia. Stem abundance is very heavily weighted toward the Hanford Reach, with at least 90,000 stems growing in the area, 74% of the total stems for the species. The Lower Columbia populations contribute 4,970 stems, 4% of total Columbia yellowcress stems across the range. Significant efforts have been made to investigate hydrological factors that may contribute to the disparity (Salstrom et al. 2012; Caplow 2003; Habegger et al. 2001). Total abundance for the Columbia River Gorge population center is currently estimated at 94,970 mature Rorippa columbiae plants, 78% of the total for the taxon. 
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[bookmark: _Toc499067878]Figure 5.  Rorippa columbiae occurrences in the Columbia River Gorge. Site location data obtained from the Washington Natural Heritage Program database (2016) and Columbia Land Trust database (2016).

[bookmark: _Toc499067892]Table 4.  Columbia River Gorge Populations: Current Distribution and Abundance. Population census data obtained from the Washington Natural Heritage Program database (2016) and Columbia Land Trust database (2016).         “*” indicates stem count is calculated from GIS shapefile categorical averages.
	
	Population Name
	Population Name Synonyms
	Most Recent # Subpopulations
	Most Recent # Stems
	Land Ownership
	County

	Lower Columbia Area

	1
	Moore Island
	-
	1
(2004)
	Unknown
(2004)
	Portland
Parks & Rec
	MultnomahOR

	2
	Sandy River Delta
	-
	1
(2013)
	548*
(2013)
	Private
	MultnomahOR

	3
	Old Mouth of Sandy River
	-
	1
(2013)
	1,057*
(2013)
	Private
	MultnomahOR

	4
	Pierce Island
	-
	5
(2016)
	2,785*
(2016)
	Columbia 
Land Trust
	Skamania 
WA

	5
	Pierce National Wildife Refuge
	-
	1
(2016)
	525*
(2016)
	USFWS
	Skamania 
WA

	6
	Ives Island
	-
	1
(2007)
	55*
(2007)
	USFS Gifford Pinchot NF
	Skamania 
WA

	7
	Hamilton Island
	-
	1
(2016)
	385*
(2016)
	US Army Corps of Engineers
	Skamania 
WA

	Hanford Reach Area

	8 -23+
	Hanford Reach
	-
	16+
(2012)
	90,000
(2012)
	BLM Spokane District / USDOE / Private
	Benton, Franklin & Grant, WA



Southern Oregon
The Southern Oregon portion of this population center consists of 13 extant Rorippa columbiae populations. Some populations contain multiple subpopulations, most notably the anomalous Sprague River Main site with 40 subpopulations, but many sites consist of a sole grouping of plants (Table 5). Populations range across an area 184 miles in length, and are clustered within four drainage basins: the Middle Rogue subbasin, Sprague River subbasin, Lost River subbasin, and Goose and Summer Lakes basin. Separated by mountain ranges and uplands, the taxon’s distribution is clearly limited by the physical environment of lowlands that collect water within the landscape (Figure 6). Varying biological connectivity may exist among populations depending on the hydrological connectivity and distance between them. Sprague River area populations are situated along a perennial river, which likely promotes greater opportunity for gene flow than other sites. Stem abundance does not appear associated with geographic distribution in southern Oregon. The largest and smallest Columbia yellowcress populations are scattered throughout regional range, occurring in both Klamath and Lake Counties. Across the global range, southern Oregon populations stand out as having a high frequency of populations that contain very few stems. Five of the 13 populations have 12 stems or less. Total abundance for southern Oregon Rorippa columbiae populations is currently estimated at 11,380 mature plants, approximately 9% of the total for the species. 
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[bookmark: _Toc499067879][bookmark: _Toc477636069][bookmark: _Toc499067880]Figure 6.  Rorippa columbiae occurrences in Southern Oregon. Site location data obtained from the Oregon Biodiversity Information Center (ORBIC) (2016), Kentnesse (2017), and recent site reports.

[bookmark: _Toc499067893]Table 5.  Southern Oregon Populations: Current Distribution and Abundance. Population census data obtained from the Oregon Biodiversity Information Center (ORBIC) (2016), Kentnesse (2017), and recent site reports.         “*” indicates stem counts are estimates, at least in part. “+” indicates stem counts are exact counts.
	
	Population Name
	Population Name Synonyms
	Most Recent # Subpopulations
	Most Recent # Stems
	Land Ownership
	County

	Emigrant Lake Area

	1
	Emigrant Lake
	-
	3
(2016)
	80*
(2016)
	US Bureau of Reclamation / Jackson Co.
	Jackson

	Sprague River Area

	2
	Buck Creek Tributary
	-
	1
(2016)
	7+
(2016)
	USFS Fremont-Winema NF
	Klamath

	3
	Dam’s Canyon & Meadow
	-
	14
(2016)
	398+
(2016)
	USFS Fremont-Winema NF
	Klamath

	4
	Sprague River KLLT
	-
	2
(2016)
	574*
(2016)
	Klamath Lake Land Trust
	Klamath

	5
	Sprague River Main
	Sprague River South
	40
(2016)
	6,387*
(2016)
	USFS Fremont-Winema NF
	Klamath

	6
	Sprague River Seput
	-
	1
(2016)
	12+
(2016)
	USFS Fremont-Winema NF
	Klamath

	7
	Williamson River Delta
	-
	1
(2016)
	47+
(2016)
	The Nature Conservancy
	Klamath

	Lost River Area

	8
	Stukel Mountain 1
	Stukel Dehlinger  / Stukel 2
	1
(2016)
	3+
(2016)
	BLM Lakeview District
	Klamath

	9
	Stukel Mountain 2
	Stukel Mtn Lost River / waterhole
	1
(2016)
	12+
(2016)
	Private
	Klamath

	10
	Malone Reservoir
	-
	1
(2014)
	12*
(2014)
	US Bureau of Reclamation
	Klamath

	Lakeview Area

	11
	Foley Lake
	-
	1
(2016)
	85*
(2016)
	BLM Lakeview District
	Lake

	12
	Featherbed Lake
	-
	3
(2016)
	113+
(2016)
	BLM Lakeview District
	Lake

	13
	Paulina Marsh
	-
	6
(2016)
	3,650*
(2016)
	Private / 
Lake Co.
	Lake





Northern California
The northern California portion of this population center consists of 12 extant Rorippa columbiae populations. Most sites consist of a sole grouping of plants rather than multiple subpopulations, however, quality data on subpopulation divisions is largely not available for this region (Table 6). Populations range across an area 139 miles in length, and are clustered within five drainage basins: the Klamath River Basin’s Butte Valley and Lost River subbasins, the Sacramento River Basin’s Upper Pit River and McCloud subbasins, and the North Lahontan Basin’s Susan River subbasin. Similar to southern Oregon Columbia yellowcress sites, the regional distribution of plants is restricted to water-collecting lowlands between fault block scarps and uplands (Figure 7). Biological connectivity for the species may exist within hydrological basins depending on population proximity, particularly in the Klamath region. There does not appear to be a pattern to the spatial distribution of abundance, though it is notable that population sizes are consistently somewhat substantial. Only 2 of 12 populations in the region contain less than 100 Columbia yellowcress plants. Total abundance for the northern California Rorippa columbiae populations is currently estimated at 15,203 plants, approximately 12.5% of the total for the species. 
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[bookmark: _Toc499067881]Figure 7.  Rorippa columbiae occurrences in Northern California. Site location data obtained from the California Natural Diversity Database (2016).



[bookmark: _Toc499067894]Table 6.  Northern California Populations: Current Distribution and Abundance. Population census data obtained from the California Natural Diversity Database (2016), Cavaille (2007), and Posey (2016). Information on stem count methodology is largely unavailable.
	
	Population Name
	Population Name Synonyms
	Most Recent # Subpopulations
	Most Recent # Stems
	Land Ownership
	County

	Butte Valley Area

	1
	Meiss Lake
	-
	7
(2000)
	6,076
(2000)
	CA Dept of
Fish & Game
	Siskiyou

	2
	Butte Valley E-W Ditch
	-
	1
(2001)
	400
(2001)
	USFS Klamath Nat’l Forest
	Siskiyou

	3
	Butte Valley Macdoel Ditch
	-
	1
(2001)
	8
(2001)
	USFS Klamath Nat’l Forest
	Siskiyou

	Lost River Area

	4
	Tule Lake
	-
	2
(2000)
	180
(2000)
	USFWS Tule Lake NWR
	Modoc

	5
	Clear Lake Reservoir
	-
	2
(1986)
	40
(1986)
	USFWS Klamath Basin NWR
	Modoc

	6
	Clear Lake Reservoir Outlet Dam
	-
	2
(1996)
	1,000
(1987)
	USFS Modoc Nat’l Forest
	Modoc

	7
	Willow Creek
	-
	1
(1997)
	1,017
(1997)
	USFS Modoc Nat’l Forest
	Modoc

	Big Sage Area

	8
	Big Sage Reservoir
	-
	7
(2009)
	700
(2009)
	USFS Modoc Nat’l Forest
	Modoc

	McCloud Area

	9
	Dry Lake
	-
	2
(2016)
	4,000
(2016)
	USFS Shasta-Trinity NF
	Siskiyou

	10
	White Deer Lake
	-
	3
(2012)
	376
(2016)
	USFS Shasta-Trinity NF
	Siskiyou

	Lassen Area

	11
	Windy Hollow
	-
	14
(2007)
	891
(2007)
	USFS Lassen Nat’l Forest
	Lassen

	12
	Feather Lake
	-
	3
(2007)
	515
(2007)
	USFS Lassen
Nat’l Forest
	Lassen
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 Status of Populations
Rangewide, Rorippa columbiae remains rare or threatened in portions of its range. Overall, the species has experienced significant declines in populations and population sizes. However, trends are not uniform across regions or within populations. Some populations are declining, some maintaining, and some are increasing in number. New populations are being discovered in both global range population centers, though it is not known whether the populations are new establishments biologically, or simply new to scientific knowledge.

The Columbia River Gorge has experienced dramatic population declines over the past several decades, though not all individual populations have decreased (Table 7).
  
In the Lower Columbia area, the Bingen population has long been extirpated, most likely since the installation of Lower Columbia dams and subsequent dramatic changes in flow regimes. In modern times, two additional populations have been driven to local extinction. Rorippa columbiae has not been sighted at the mouth of McCord Creek, OR, since 1984, and the last records of the Beacon Rock State Park, WA, population are from 2000, with no plants observed during a 2012 site re-visit. Both of these populations were very small the last time they were seen, with 3 and 20 stems respectively. Seven extant populations remain in the Lower Columbia area, and 5 of the 7 have experienced definitive declines in stem counts since the early 1980s. Cornelius (1985) first reported a suspected decrease in population sizes, and local conservationists responded by establishing permanent monitoring transects on Pierce Island and in the Pierce National Wildlife Refuge in 1991 and 1992 (Habegger et al. 2001). Following several years of monitoring, Gehring (1995) reported that the perceived declines did not represent annual variation, but real declines. Recent site reports (WNHPDB 2016) confirm the trend. The two populations in the area that appear to have maintained or potentially increased in size are the Old Mouth of the Sandy River and the Sandy River Delta in Oregon. The Old Mouth population was first observed in 1980 with 100 - 300 plants, then in 1982 with 500 – 1000 plants, and the population now contains 1,057 stems as of 2013. The Sandy River population appears to have had 50 clumps counted in 1992, which is difficult to translate into stem numbers. In 2013, 548 stems were counted for the population. Apart from these basic census data, no further information is known about these two populations that are arguably experiencing greater success. 

In the Hanford Reach, Caplow (2003) first reported “precipitous declines” in Rorippa columbiae population numbers. In 1994, the area allegedly hosted “millions of stems” of Columbia yellowcress. However, permanent transect monitoring during 1994 – 2002 showed dramatic stem decreases. The reach from White Bluffs boat launch to Ringold Boat Launch once supported at least 36,000 stems, but had dropped to 200 stems by 2002. Three Homestead Island transects that totaled 1,176 stems in 1994 decreased to 0 stems over the 8 year period. The same pattern was seen at North Forked Island and Plow Island transects. The combination of BLM long-term monitoring plots and additional direct surveys of 43.7 miles (70.3 km) of shoreline allowed local botanists to estimate that approximately 90,000 stems remained in the region by 2012 (Salstrom et al. 2012). Salstrom et al. (2012) comments that while the lower part of the Hanford Reach has seen the sharp stem declines that Caplow (2003) reports, there is variability in the success and trends of Hanford Reach populations. The middle and upper portions of the Reach appear to be relatively stable in recent years. Despite this stem count stability in some areas, very limited sexual reproduction is now occurring throughout the Hanford Reach. The presence of flowers and fruit decreased precipitously between 1995 and 1998, with virtually no sexual reproduction taking place in 1998 or 2002 (Caplow 2003). Of the 90,000 stems reported in 2012, only 126 had evidence of flowers or flower buds (Salstrom et al. 2012). Furthermore, no seed development has been observed for years in the Columbia River Gorge R. columbiae populations (Arnett personal communication 2016).

Population Data:  Washington-based Columbia River populations are perhaps the best studied Rorippa columbiae populations in the species’ range. Numerous studies have been conducted on phenology, vegetative growth, flowering and seedset, particularly in relation to hydrology and water management practices (Appendix B, annotated bibliography of R. columbiae literature). Both the Lower Columbia and Hanford Reach populations have been surveyed for more than thirty years, from 1985 – 2016, with relatively high frequency. Washington land managers have established permanent monitoring plots for comparative population trend analysis, consistently recording stem counts, density and fecundity measures at those sites. Shortcomings in data from Washington sites are that database entries do not always contain numbers of stems observed, making comparative temporal trend analysis difficult. The three extant Oregon populations of the Lower Columbia area have been much less frequently surveyed than their Washington counterparts. This is likely a result of the populations largely occurring on privately owned land. Surveys have been performed ad hoc by Native Plant Society of Oregon (NPSO) volunteers. The populations are also somewhat awkwardly a part of the Columbia River Gorge population center for the species, yet the majority of populations within Oregon’s administrative jurisdiction occur at great geographic distance in southern Oregon, with different ecosystems, threats and conservation needs.

Most Southern Oregon populations have experienced Rorippa columbiae stem declines over the past several decades. However, 2 populations have seen substantial stem increases, and 4 populations have been recently discovered (Table 7) (Appendix C, annual southern Oregon population stem count data). 

Extirpation: Historic populations in Baker City, Prineville, and Malin have long been extirpated, likely due – at least in part – to land use changes that altered Rorippa columbiae habitat. At least two of the three sites now appear to be agricultural communities and properties. There has been a wave of more recent local extinctions as well. R. columbiae populations were last seen in Harney Lake in the 1980s, Binkey Lake in 1983, Buck Creek in 1993, Malheur Lake in 1995, and Silver Lake in 2001. Malheur Lake notably lost 23 subpopulations, 14 since the mid-1990s, while the other sites each contained a single patch of plants. A few extant populations have lost subpopulations over the past few decades as well. Buck Creek Tributary had 2 subpopulations in the past (Buck Creek Tributary 1 and 2). Site 2 contained 309 plants in 1999, but dwindled to a single plant in 2014, and no Columbia yellowcress could be found in 2015 or 2016. Similarly, Stukel Mountain 2 previously encompassed both the current reservoir and a NE intermittent creek that contained 202 plants in 1997, but no plants were found during 2014, 2015 and 2016 surveys. Two of Dam’s Canyon’s 9 populations (14 total when combined with Dam’s Meadow) may no longer exist as 2014 – 2016 surveys could not locate them. Malheur and Harney Lake populations are presumed to have been lost due to the dramatic moisture reductions in the years following the 1983 – 1987 floods. The lakeshore has receded nearly two miles in two decades (Kaye and Massey 1991; Kaye 1996). Direct causes of other local extinctions are unknown. See Kaye et al. 1993 for detailed locations of populations known or assumed extirpated in Oregon.

Declines: The majority of Oregon’s populations have declined over the last 35 years. In the Lakeview area, the Foley Lake R. columbiae population has dropped from approximately 1,000 plants at its peak in 1983, to 85 plants in 2016. Featherbed’s decline has been less extreme with 200 plants in 1990, and 113 plants found during recent 2016 surveys. In the Sprague River area, the declines at Dam’s Meadow and Canyon have been the most significant in the region. As the largest southern Oregon population in recent past, with 2,772 stems in 1997, the total population now consists of 398 stems. The remaining southern Oregon populations are all very small, and some have always been small while others have sharply decreased from larger population numbers. The Sprague River Seput Land Exchange has only been observed to have 17 plants at its maximum in 1994, and the site contains 12 stems as of 2016. Buck Creek Tributary (subpopulation 1) hosted 150 stems in the mid-1990s, but dropped to 1 stem in 2015, and 7 stems in 2016. In the Lost River area, the Stukel Mountain 1 population has dropped from 20 plants at its maximum in 2001, to 3 plants in 2015 and 2016. Stukel Mountain 2 contained 252 stems at its population high, and has dwindled to 12 stems as of 2016. Potential causes of the modern decline of Rorippa columbiae in southern Oregon are discussed in the “Threats” section below. 

Increases: Two sites in the southern Oregon region maintain healthy Rorippa columbiae populations that are naturally increasing in number: the Sprague River Main in Klamath County, and Paulina Marsh in Lake County. The earliest recorded population numbers from Sprague River Main are from surveys in 1994 and 1995, and 650 plants were observed. The population was not surveyed again until 2014, 2015, and 2016, and counts were dramatically higher, with 2,620, 2,756 and 6,390 stems respectively. This site is presumed to be potentially most similar to historic Rorippa columbiae lotic habitat in southern Oregon (Anderson 2014). The perennial river habitat seasonally soaks swales and depressions in riparian wet meadows, and seems to provide adequate moisture and disturbance for the species. The Paulina Marsh site was first discovered in 1985 with 100 stems. By 1990, the population had grown to 1,200 plants, and by 2016, 3,650 stems were counted. This roadside ditch habitat sources water from flood irrigation, and from natural wetlands fed by three perennial creeks. Water supply is sufficient to allow the lowest parts of some ditches to seemingly retain water year-round. Environmental factors that may contribute to these populations’ success are discussed further in the “Habitat” section below.

Unknown Trends: In southern Oregon, 4 of the 13 Columbia yellowcress populations (30% of the region) are newly discovered sites: Sprague River KLLT (574 stems), Emigrant Lake (80 stems), Williamson River Delta (47 stems), and the Malone Reservoir (12 stems). In addition, populations of the taxon may exist at Summer Lake in the Lakeview area, and Highway 58 near Odell. These sites need survey attention in future years. Population trends cannot be ascertained from the limited data available at newly discovered populations. However, annual or periodic future monitoring will improve knowledge of population status at these sites.

Population Data: Southern Oregon populations have been sporadically surveyed from 1980 – 2016, with bursts of monitoring efforts preceding publication of the 1996 conservation strategy and this 2017 conservation assessment. During 1988 – 1996, relatively consistent annual monitoring occurred at select sites, culminating in the 1996 conservation strategy. Similarly, 2014 – 2016 surveys contributed data to this 2017 conservation assessment. Permanent monitoring plots were established at two R. columbiae sites (Featherbed and Foley Lakes) in July of 1990 (Kaye et al. 1993), though they have fallen into disrepair in the last 20 years. The primary shortcomings of southern Oregon site data include lack of regular monitoring, and lack of clarity in stem count methodology (clumps versus stems). 

Approximately half of Northern California’s 12 Rorippa columbiae sites’ population trends cannot be ascertained due to infrequent species surveys and inadequate census data. However, completed surveys indicate that 3 populations have displayed stem decreases, and 4 populations have shown increases in abundance (Table 7). 

Extirpation: Northern California’s extirpated Rorippa columbiae populations include Bray (1915), Lava Beds National Monument (1936), Orleans (1956), Rimrock Lake (1986), and Fairchild Swamp (1987). These sites are presumed extirpated based on dates of when the population was last observed, though each should be revisited if possible to confirm extirpation. 

Declines: Three populations in northern California appear to have declined during the last three decades. The largest of the three populations, Windy Hollow of the Lassen Area, has been surveyed regularly between 1994 and 2007. Population numbers have dropped over that time period from 1,500 plants in 1994 to 891 in 2007. However, local botanists speculate that 2007 numbers may be somewhat underestimated due to dense lupine cover and challenging Columbia yellowcress visibility. White Deer Lake of the McCloud Area has hosted a Caltrans mitigation project in recent years, which has permitted annual plant monitoring since 2007. Maximum R. columbiae abundance occurred in 2012 with 505 stems. 2015 and 2016 have been trending towards lower population numbers with 231 stems in 2016. The Butte Valley Area’s Butte Valley Macdoel Ditch population decreased from approximately 100 plants when it was discovered in 1997, to 8 plants in 2001 following a 1999 site bulldozing for forest project activities (Cavaille 2007). 

Increases: Four sites in the region have recorded increases in stem abundance. Two of the three Butte Valley Area populations have increased in size: Meiss Lake and the Butte Valley E-W Ditch. Meiss Lake had 2,200 stems recorded in 1995, and the population had increased to 6,076 plants by 2000. The Butte Valley E-W Ditch contained 22 plants in 1998 (2 wild, and 20 transplants from the nearby Butte Valley MacDoel Ditch). Within three years (2001), 400 Columbia yellowcress stems were reported at the site. The Lost River Area also hosts two sites that have increased in Rorippa columbiae abundance. Willow Creek contained 500 R. columbiae stems in 1993, and the population doubled by 1997 with 1,017 plants recorded. Survey notes mention that the population was fenced from cattle grazing in 1996, which may have been a factor in the population increase. Tule Lake National Wildlife Refuge’s Hovey subpopulation also increased in size between 1998 and 1999 by 180 additional stems.

Unknown Trends: In northern California, unknown trends are the result of two main factors: 1) newly discovered populations, and 2) 1-2 total site surveys, providing inadequate data to ascertain trends. The two most recently discovered populations in the region have been the Big Sage Reservoir in 2009, and Feather Lakes in the Lassen Area in 2001 and 2007. Sites with inadequate monitoring data are Clear Lake Reservoir and Clear Lake Reservoir Outlet Dam. In addition, Dry Lake is frequently visited with portions of the site surveyed each year. However, no total site counts have been generated yet, nor totals compared between years. 

Population Data: Overall, Northern California’s R. columbiae populations are the least studied within the species range. Most populations have been surveyed very infrequently, and even sites marked as displaying increasing or decreasing population trends are often based on a comparison of only two years’ site totals. Existing data is largely outdated as well, with only 3 of 12 populations having been visited since 2008. Last, survey field forms do not always contain clear language as to whether stem counts refer to part of the site or the entire site, increasing the difficulty of conveying accurate trends.

[bookmark: _Toc499067895][image: ]Table 7.  Rorippa columbiae population trends over a 36-year time period (1980 – 2016). 
Key: “ + “ indicates population size increase, “ – “ indicates population size decrease, and “U” indicates unknown - multiple data points to determine a population trend are unavailable.

Cyclic Temporal Patterns
Many Rorippa columbiae populations exhibit variable, often cyclic, abundance patterns over time, which can make discerning long-term population trends more difficult. There are numerous recorded examples of this phenomenon of fluctuating annual population sizes. 

One of the most common observations is that R. columbiae plants are not seen at all in some years. At Dry Lake, CA, Columbia yellowcress was not seen for three consecutive years due to year-round inundation during that time period. 1,500 stems were observed in 1993, and then no plants were seen during the inundation period between 1995 and 1997. In 1999, 11-50 plants were recorded, and by 2002, high numbers of plants were reported everywhere (Posey 2016; Cavaille 2007). At the Paulina Marsh site in Oregon, following a 1990 census of 1,200 stems, Rorippa columbiae was not seen between 1992 and 1997. The species appeared again following this period of absence. Similarly, at Featherbed Lake in Oregon’s Lakeview Area, R. columbiae was not seen in 1994 and 1995 (Habegger 1997).

Some sites demonstrate wide population fluctuations year-to-year. For example, Windy Hollow, CA, consisted of 1,500 stems (1994), 25 stems (1995), 1,500 stems (1997), 1,500 stems (1998), 50 stems (2000), 135 stems (2001), 1,000 stems (2004), and then 891 stems (2007) (CNDDB 2016). Southern Oregon’s Foley Lake dropped from 1,000 stems in 1983 to 125 stems in 1984. Years later, the population increased dramatically from 200 plants in 1990 and 1991 to 5,500 in 1992, then back down to 290 stems in 1995. In recent years, nearby Featherbed Lake’s population increased from 9 stems in 2015 to 113 stems in 2016. Sprague River, OR, jumped from 2,756 plants in 2015 to 6,390 in 2016 (Kentnesse 2017; ORBIC 2016).

Population size fluctuations appear associated with moisture availability. Botanists across the species range and across decades of time consistently point to the taxon’s response to changing hydrological cycles as the likely top cause of abundance variability (Kaye et al. 1993, Goldenberg 1993; Gehring 1992; Kaye and Massey 1991). Kaye et al. (1993) studied Columbia yellowcress frequency along a transect at Foley Lake, Oregon, from 1983 to 1989, as well as changes in annual precipitation for the same time period. They found that R. columbiae had a 46% frequency in 1983, a wet year, and that the frequency dropped to 3 and 6% in 1988 and 1989 respectively, which were drier years. The authors concluded that R. columbiae population size and density appears positively correlated with annual precipitation. This conclusion is aligned with BLM (Kaye et al. 1993), USFS (Goldenberg 1993) and Columbia River Gorge (Gehring 1992) staff observations that R. columbiae populations can drop from large numbers of individuals to few during periods of drought, and then expand rapidly back to large numbers following heavy precipitation. Population fluctuations are not unusual for annual species, particularly in environments with changing soil-moisture regimes (Harper 1977). Several botanists have commented that rhizomatous Rorippa columbiae tends to behave very much like an annual species (Habegger et al. 2001; Housley 1995; Kaye et al. 1993). 

It is also possible that population fluctuation data reflect poor data collection. Some plants may be missed due to limitations of time and resources, or poor monitoring timing. In some years and sites, Columbia yellowcress are only visible for a short period of time, where green growth, sexual reproduction, and senescence occur very quickly. In other years and locations, anthesis can last for several months. It is important to question the accuracy of the data before drawing firm conclusions about population trends.

Data Considerations for Population Trends
The above inferences regarding population trends are based on the best available information regarding the species’ population sizes. All information was sourced from Washington, Oregon and California rare plant databases from 1980 through 2016. In addition, databases were cross-checked with GIS shapefiles and written reports to deliver the most accurate numbers in this conservation assessment.

Range-wide, the primary data concern is that population numbers are not accompanied by clearly documented counting methods, both in state databases and on field survey forms. As a rhizomatous species, it is unclear whether individual stems of Columbia yellowcress represent a ramet or genet. The plant tends to have a clumped distribution, which can easily lead to field technicians assuming that a small clump of three to four stems in close geographic proximity may be the same genetic individual, leading to the recording of “1” for the clump. However, assumptions regarding distinguishing ramets from genets have a high likelihood of being incorrect since clumps as large as 9 feet can constitute a single genetic individual, and stems 2 cm apart can represent 2 separate, small individuals (Section III.A, Reproduction). Not only are the assumptions problematic, there is often no question on the field form that prompts a recording of the method used, counting based on stems or clumps. Another area of concern regarding data documentation and accuracy is that it is not always clear whether census numbers are counts or estimates. It seems common practice for populations with a low number of plants to be counted, and populations with a high number of plants to be estimated, but the threshold of low versus high is variable. Some reports indicate populations greater than 200 stems are estimates, some reports seem to indicate that populations over approximately 25 plants are estimates. Most reports do not indicate census methodology. A final data concern is that different botanists or technicians may visit a given site in successive years and count or estimate differently than the previous worker. This seems especially common with estimation methods, which can be challenging to duplicate across individuals and time even when the methodology is clearly recorded. Incompatibility of estimation methodologies can lead to the appearance of sharper population increases or decreases between years than is likely true. All of these data limitations lead to questionable data comparability across years, and limited inferential ability for population trends.

[bookmark: _Toc311209017][bookmark: _Toc499067037]D.  Demography
Life Stages
Demographic parameters – births, deaths, immigration and emigration – can be challenging to ascertain for a rhizomatous species that often behaves like an annual. The structure of a population’s life cycle stages is often unclear on-site. There is a short time window to view R. columbiae and confidently judge the plants to be in juvenile form. It is often unknown and almost never recorded whether the demographic composition of a population is dominated by clonal growth versus reproduction from seed. This lack of knowledge about the source material makes age determination, recruitment and mortality rates unattainable. To the untrained eye, vegetative and seed-produced seedlings can be challenging to differentiate, but it can be accomplished by attention to habit, stem thickness, and color (Appendix D.2, photographs on identifying seedlings from seeds versus rhizomes). Once the plants germinate, it is unknown whether they tend to continue on to reproductive maturity. In addition, the size and age of populations are likely not well correlated (Silvertown and Charlesworth 2001). Many Rorippa columbiae populations consist of ramets with short average heights, but that are old, vegetatively propagating plants. Conversely, some tall Columbia yellowcress plants with large diameters can grow to these large proportions in the first year with optimal microsite dynamics for seed germination and establishment. Anthesis and sexual maturity may occur in some years for the perennial plant, but not in years that key resources are scarce. There are also difficulties annually monitoring individual herbaceous stems that die back. These efforts are additionally complicated by R. columbiae’s annual-like behavior, abundant in some years, and rare or absent in others (Habegger 1997). These population size fluctuations can mislead ecologists, who may overlook the relationships between dormancy, births and deaths for a given population.

Immigration and emigration are likely occurring in small scale, localized, subpopulation-level dynamics where topography, hydrology and adequate seed production permit. Rorippa columbiae seeds are known to be well adapted for water dispersal, with flotation longevity and post-immersion seed viability (Section III.A.5, seed dispersal mechanisms). The Hanford Reach populations in Washington, and Sprague River Main populations in Oregon, are likely the best remaining examples of metapopulation dynamics for the species. Diverse river bank topography and small, swale-like depressions occur in close geographic proximity. Water seasonally connects these Columbia yellowcress habitats, which probably serve as both sources and sinks for seeds. In 2014, 35 subpopulations existed in the 46-acre Sprague River Main site. In 2015, 3 of the 35 were extirpated, but 4 additional subpopulations were discovered. In 2016, 1 more swale population was extirpated, but 3 more were found (Kentnesse 2017; Malaby 2016, 2015). This habitat likely provides a buffer against susceptibility to extirpation by larger stochastic events. Notably, these two populations that experience clear metapopulation dynamics are two of the most successful R. columbiae populations known.

No demographic studies of Rorippa columbiae exist to date. Field research that attempts to understand the species’ seed bank dynamics, longevity, dormancy and recruitment rates in situ is needed, and would be valuable to land managers. A Klamath Lake Land Trust transplant project in fall of 2016 offers an opportunity for short-distance colonization monitoring. The transplants were planted on one side of an agricultural ditch bank, which offers the opportunity to monitor the opposite bank for colonization.

Population Viability Analyses
[bookmark: _Toc311209018]One formal population viability analysis (PVA) has been performed for Rorippa columbiae (Crone and Gehring 1998). The authors investigated whether the Pierce Island, Washington, R. columbiae population was growing, declining or stable in size, and the likelihood of its persistance under current conditions. Perhaps not uncommon for limited, rare plant data sets, the available data was insufficient for the PVA to determine the likelihood of persistence for the Pierce Island population. However, the authors also used the dataset to generate multiple hypotheses about factors important in regulating population growth, and fit models reflecting those hypotheses. Four factors were considered: density dependence, size dependence, spatial environmental heterogeneity among sites, and dispersal and colonization of new sites. Results showed size dependence and dispersal were statistically irrelevant, and the importance of density dependence and spatial environmental heterogeneity were ambiguous. The authors concluded that collecting further data on ecological differences among sites with correlates of population vigor is important for future studies and understanding the population dynamics of the species. N o specific recommendation of minimum population size to constitute a healthy Rorippa columbiae population was made.
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General Habitat
Rorippa columbiae inhabits shoreline habitats that are subject to seasonal inundation, and cycles of substrate saturation and drying (Kaye 1996; Salstrom and Gehring 1994). These shorelines can occur on the margins of lakes and playas, banks of rivers, streams, and creeks, and edges of marshes, mudflats, and swales. The taxon also frequently inhabits anthropogenic wetlands including the edges of roadside, drainage and irrigation ditches as well as reservoirs, farm ponds, and low-lying fields. R. columbiae is consistently reported to grow in a band just above, at or below the winter high water mark of these fluctuating environments (Gehring 1994; Goldenberg 1993). The species appears well-adapted to inundation patterns (Harris 1992; Scherer 1991), with growth and reproductive phenology and success seemingly tied to moisture availability (Kaye 1996; Salstrom and Gehring 1994). In addition, the disturbance resulting from flowing water and fluctuating water levels tends to maintain open habitats with a low cover of competing species (Kaye 1996).

Other environmental habitat features can vary widely for the species across its range (Kentnesse 2017; Kaye 1996). Rorippa columbiae habitat contains substrates that are clay- and sand-dominant, with soil texture classes varying from clay to clay-loam to loamy sand. Particle size can range considerably from very fine clays to gravelly soil to cobbly rock. Soil chemistry is equally diverse for the species, with predictable variability in pH, biological nutrients, and salts, and less predictable patterns in site metal concentrations. Geomorphology and landscape descriptions offer some consistencies among R. columbiae sites, but substantial deviation as well.

Key Habitat Characteristics  
The following sections outline the current understanding of important abiotic and biotic habitat characteristics for Rorippa columbiae. Key characteristics discussed include climate, landscape, light, substrate and soil, water regime, disturbance and biological community. 

Climate
Rorippa columbiae populations reside in the Cascades, Columbia Basin and the Basin and Range physiogeographic provinces (Franklin and Dyrness 1973). All populations are climatically influenced by the rainshadow effect of the adjacent Cascades and Klamath mountain ranges. Average annual rainfall can be quite variable for R. columbiae habitat, ranging from an anomalous high of 77 inches per year in the Lower Columbia sites near the Bonneville Dam, to a low of 7.8 inches per year in the Hanford Reach. Southern Oregon and northern California sites are consistently drier, averaging approximately 14 inches of annual rainfall across all populations, with a range of 10 to 20 inches per year. Summer drought is common throughout the species range (OSU 2016). 

Annual average temperatures show similar geographic patterns. The Lower Columbia climate is typically marine-influenced, and R. columbiae populations experience the mildest, most temperate winters of the taxon’s range. Typical mean January temperatures are 4 – 5C (40 – 41F), and mean July temperatures are 20 – 21C (68 – 69F) in the Lower Columbia. However, easterly winds in the Columbia Gorge can produce more extreme continental temperatures at these sites on occasion. The hottest July temperatures occur in the Hanford Reach, averaging 24C (76F). The climate of Tule Lake Wildlife Refuge in California is representative of southern Oregon and northern California population temperatures. Tule Lake experiences mean January temperatures of - 0.5C (31F), and mean July temperatures of 19C (66F). These southern populations tend to have greater temperature extremes on average (OSU 2016).

Ecoregions
Ecoregion designations recognize the central role climate plays in determining spatial patterning of soils, hydrology, and biological communities, among other biotic and abiotic variables. They can serve as a spatial framework for habitat assessment, management and monitoring as well, and will be used throughout the remainder of this Habitat section. The U.S. Geological Survey (OSU 2016) describes the ecoregions pertinent to Rorippa columbiae habitat and spatial position. The Columbia River Gorge R. columbiae populations fall into three Level III Ecoregions. The Willamette Valley ecoregion’s Portland / Vancouver Basin hosts the three Oregon Columbia River populations. The Cascades ecoregion is home to the four Washington-based Lower Columbia R. columbiae populations. Hanford Reach sites are defined by the Columbia Plateau ecoregion.

In southern Oregon and northern California, R. columbiae populations reside in four Level III Ecoregions, each defined by a unique climate. The Klamath Mountain ecoregion contains Oregon’s Emigrant Lake population. The Eastern Cascade Slopes and Foothills ecoregion contains the largest number of R. columbiae populations including Oregon’s Sprague River area, and Stukel Mountain and Malone Reservoir sites. The ecoregion also extends to California, and includes all Butte Valley, Tule Lake, Clear Lake Reservoir, and Big Sage populations. Within this important ecoregion, more specific ecosystem descriptors of R. columbiae habitat include pumice plateaus, Klamath / Goose Lake basins, Fremont pine / fir forest, and Klamath juniper woodlands. Another distinct ecoregion that hosts R. columbiae is the Northern Basin and Range ecoregion, known for its Oregon Lakeview area populations. Lastly, California contains some of the Cascades ecoregion mentioned above as home to some Lower Columbia River R. columbiae plants. In California, the McCloud and Lassen area populations belong to this ecoregion.

Landscape
Rorippa columbiae occupies shorelines of water features. Surface morphometry measurements of these shorelines have been taken, and have included elevation, slope aspect, slope gradient, hillslope-profile position, and slope shape. Results reveal some landscape similarities and some landscape differences across Columbia yellowcress habitats. 

Elevation   
Elevation is one variable that significantly differs between the two population centers for the species. The Columbia River Gorge populations occur nearly at sea level (10 – 40 feet) (WNHPDB 2016; Goldenberg 1993). By contrast, southern Oregon and northern California populations average approximately 4,700 feet in elevation. In southern Oregon, the lowest elevation populations are in the Sprague River Area with the Williamson River Delta occurring at 4,140 feet, and the highest elevation populations occur in the Lakeview Area, with Featherbed Lake occurring at 5,312 feet. In northern California, the lowest population is Tule Lake National Wildlife Refuge at 4,033 feet, and the highest for the region and the overall species is the Lassen Area sites with Feather Lake habitat occurring at 5,940 feet (Kentnesse 2017, CNNDB 2016). 



Slope Aspect   
The slope aspect is highly variable for the species with very few identifiable trends. In the Columbia River Gorge, R.columbiae populations occur in all cardinal directions and in intermediary aspects. The populations do have a tendency to avoid the upstream tips of islands directly exposed to the heaviest river currents, but those island tips are also variable in aspect as the river frequently curves and changes orientation (CLTDB 2016). Similiarly, southern Oregon populations occur on slopes facing all compass directions (Kentnesse 2017).

Slope Gradient   
Slope gradient can be quite variable for the taxon, but it commonly grows on fairly mild slopes. All Columbia River Gorge habitat has been qualitatively described as gently to moderately sloping banks (Salstrom and Gehring 1994). Southern Oregon sites range from 1.5% to 45% slope, and average 17% slopes across all sites. The shallowest slopes tend to occur in playas, depressions, and reservoirs. The steepest slopes lie in cutbank creeks and short-width agricultural and roadside ditches (Kentnesse 2017).

Hillslope Position    
Rorippa columbiae plants occupy various hillslope positions including toeslope, footslope, backslope, and on rare occasion shoulder. Two hypotheses that could explain the plants’ hillslope positioning relate to the interaction of basin shape, slope and water. One hypothesis is that R. columbiae might be positioned based on ideal levels of soil saturation along the site’s elevational gradient. In broad, shallow basins with low slope gradients, the backslope, shoulder and summit are never (or rarely) inundated. In these environments, R. columbiae only grows in the seasonally-inundated, saturated soils of the toeslope. Examples of this pattern in southern Oregon include Foley and Featherbed Lakes, and Stukel Mountain. In perennial river habitats where the toeslope and footslope are always inundated, R. columbiae grows in the adjacent backslope in close proximity to the flowing water. The backslope is also seasonally inundated by rising flows, which then subside, exposing river banks. Examples of these sites include Sprague River Main and Sprague River Seput Land Exchange. A third habitat type is wet agricultural ditches that don’t necessarily hold water year-round, but are heavily saturated. In these conditions, the high soil moisture content can create a thick emergent wetland community of large sedges and rushes in the toeslope, excluding R. columbiae. The Sprague River Klamath Lake Land Trust site is a wet agricultural ditch, and R. columbiae grows on its backslope in soils with more moderate moisture content. In all three of these examples, R. columbiae habitat is created where soil surfaces are saturated and then dry, in a cyclic, annual pattern of inundation and exposure. 

A second hypothesis is that R. columbiae hillslope positioning may be related to the length of the elevational gradient and proximity of hillslope positions to one another. Some habitats contain the entire slope from summit to toeslope within one meter, with summit, shoulder, backslope, footslope and toeslope in roughly equal areal ratios. These short-length slopes tend to support R. columbiae growing in multiple hillslope positions. For example, at both Paulina Marsh and Sprague River Main Oregon sites, R. columbiae grows on the toeslope, footslope and backslope. The close geographic proximity may permit rhizomatous connections across the elevational gradient. It has been suggested that stems distributed across a hillslope may be better positioned to survive years with either drought or excessive inundation (Pavlik and Murphy 2002), and in fact, Paulina Marsh and Sprague River Main are the two most successful southern Oregon populations in terms of stem count and fecundity. In contrast, sites like Featherbed Lake, Oregon, have a slope 195 meters in length, with more than 95% categorized as toeslope. These toeslope R. columbiae may be less able to tolerate environmental stressors.
Slope Shape
The slope shape of R. columbiae habitat is universally concave-linear for southern Oregon populations (Kentnesse 2017). 

Light
Rorippa columbiae is characteristically found in open, high light habitats, with low vegetative canopy cover (Salstrom and Gehring 1994; Gehring 1994; Goldenberg 1993; Gehring 1992). Since these habitats are wet shorelines and depressions, every R. columbiae site consists of an elevational gradient, which is also a moisture, biological community, and therefore light gradient (Whittaker 1967). The lowest elevations of the gradient are more open, with less vegetation and higher light intensity. Several Columbia yellowcress studies have remarked that water fluctuation disturbance likely helps to maintain a predominantly herbaceous biological community in these lower elevations (Kentnesse 2017; Salstrom and Gehring 1994; Goldenberg 1993). Following the elevational gradient upwards, the vegetation density tends to increase, as does the frequency of woody shrubs. Most, if not all, R. columbiae sites possess upland plant communities dominated by woody shrubs at the top of the gradient (Camp 1992; Harris 1992).  

Looking at this graded landscape, one would expect to find R. columbiae in the open, lower elevations. This is largely true. Bare ground is fairly common in these habitats, and the taxon successfully grows in spaces that lack vegetative competition (Goldenberg 1993). In the Columbia River Gorge, “bare ground” is often river gravel and cobble with a few, scattered herbaceous individuals (Gehring 1992). In sampled southern Oregon sites, Kentnesse (2017) found an average of 43.4% bare ground soil in experimental quadrats where Columbia yellowcress was present. One site, Featherbed Lake, contained 97% bare ground adjacent to R. columbiae plants. The highest frequencies of bare ground seem to be found in shallow playa and depression habitats. Soil-rich river habitats and wet meadows tend to contain more vegetation on average, and R. columbiae appears to grow successfully among low-growing herbaceous species. These forbs and graminoids create relatively little shading for diminutive R. columbiae plants. 

Despite this depiction of typical, open light habitats, R. columbiae can also grow with more shade than one might expect. Though perhaps less common, the species can seemingly thrive in sites where herbaceous vegetation becomes increasingly dense, where surrounding vegetation grows taller and creates more shade, and R. columbiae can even be found growing successfully at the base of woody vegetation. The Kentnesse (2017) study examined the frequency with which neighboring vegetation grew taller than one foot in height, which would cause more significant shading for adjacent R. columbiae. It was found that 6 out of 9 sampled southern Oregon sites contained either 0% or a trace presence of tall neighbors, reflecting typical high light habitat. For the three sites that contained significant shading in experimental transects, each represented different types and causes of shading. At the Sprague River Klamath Lake Land Trust (KLLT) site, R. columbiae was found growing among fairly thick Artemisia cana (silver sagebrush) both along the perimeter of the plants and among branches under the shrub canopy. This behavior of Columbia yellowcress occasionally growing in close proximity with sagebrush has been observed at other southern Oregon sites as well. R. columbiae also experienced shading by clumps of invasive perennial grasses and native Carex sp. at the Sprague River KLLT site. At Buck Creek Tributary, shading of Rorippa columbiae plants was entirely due to encroaching Juniperus occidentalis (western juniper). Experimental quadrats experienced between 25% and 70% juniper shading. However, it was observed that the changing angle of the sun permitted significantly more light to shine on the quadrats at certain times of day. Lastly, the Sprague River Seput Land Exchange R. columbiae shading was caused by a Phalaris arundinacea (reed canarygrass) invasion. Among reports on Rorippa columbiae, the most extreme documented shading has been Columbia yellowcress that grows among large willows in Washington, Oregon, and California. In Washington, one of the Pierce Island populations is found amidst a dense thicket of willows (Gehring 1994). In Willow Creek, California, R. columbiae has been observed growing in areas of high cover, approaching 100% cover in extreme cases (Habegger 1997). Similarly in Oregon, the Sprague River Main site’s largest R. columbiae patch borders a stand of dense willows where Columbia yellowcress plants can be seen growing two meters into the thicket, in nearly 100% shade.

No rigorous studies have been conducted to thoroughly investigate light requirements for the species in its natural habitat. It has generally been reported that R. columbiae presence appears negatively correlated with dense vegetation (Kentnesse 2017; Goldenberg 1993). However, much remains unknown. For example, might high light intensity negatively affect R. columbiae in some cases? There are examples of R. columbiae exhibiting leaf chlorosis in high light habitats such as Foley and Featherbed Lakes, and of filtered shade plants appearing healthier and greener than nearby non-shaded plants at the Sprague River Main site (Kentnesse 2017, personal observation). How do growth and fecundity metrics differ in shaded versus unshaded habitats? To what degree are the shaded R. columbiae examples from above potentially being competitively eliminated or hampered, or is the species maintaining itself and thriving in filtered shade?

Light and seed germination requirements
Habitat requirements for adult plants can differ from those of seeds and seedlings (Harper 1977; Grubb 1977). Kentnesse (2017) investigated light requirements for Rorippa columbiae seed germination and establishment. 200 seeds were sown in a 100% light treatment, 200 seeds in a 50% light treatment, and 200 seeds in a 0% light treatment across four replicate trays. The seeds were bottom-watered in a warm greenhouse and permitted to grow for 21 days. Results showed that R. columbiae does have a distinct requirement for light in order to germinate (p < 0.001). Seeds in 100% light treatments showed 91.0% germination, seeds in 50% light treatments showed 71.5% germination, and seeds in true dark did not germinate. Notably, a few of 0% light seeds did germinate in a tray corner where the aluminum foil was accidentally slightly raised from the tray surface, permitting a very small amount of light (<5% light) into those cells. These results suggest that while Columbia yellowcress germination performance is highest in open, unshaded habitat, the species can germinate and establish in significantly lower light environments as well.

Substrate & Soil
Rorippa columbiae grows on a wide variety of soil and substrate types across its range. Soil can range in particle size from fine clayey to fine loamy to coarse loamy textures (Kentnesse 2017). R. columbiae commonly grows among pebble and cobble rock fragments as well (Goldenberg 1993; Gehring 1992). In the Columbia River Gorge, R. columbiae tends to grow on cobbly and gravelly river beds, banks and bars, often with a sandy or silty sediment matrix (Salstrom and Gehring 1994; Goldenberg 1993). Southern Oregon substrates are highly variable (Kentnesse 2017). Sites with the heaviest clay separates are playas, which range from 52.3 % to 70.8% clay. Old site reports suggest that Foley Lake may be composed of montmorillonite clays (Goldenberg 1993). The site with the highest measured sand content is Paulina Marsh, a roadside ditch in the Lakeview Area of Oregon. The site contains 76.2 to 82.2% sand in the upper elevations of the slopes where R. columbiae grows near the roadside edge. Sprague River Area sites tend to be sandier sites, often registering as sandy clay loam and sandy loam texture classes. Some sites are positioned directly in the center of the soil texture triangle with equally balanced clay loam soils. Stukel Mountain and Dam’s Meadow are examples of this soil texture type. Little physical substrate data has been recorded for California sites, but it can be inferred that California R. columbiae substates are similar to southern Oregon in type and variability based on their shared ecoregions and parent materials. 

Soil chemistry can also be quite variable in the species’ habitat (Figure 8). Stream sediments in the Columbia Gorge have been reported with near neutral pH values. At times, soils may be slightly acidic due to mineral soil composition and leaching by stream water (Salstrom and Gehring 1994). In southern Oregon, internally-draining eastern playas have long been purported to be alkaline. They typically have very little organic matter and subsequently little acidic contribution. They can also develop an accumulation of minerals when playa waters evaporate. Kentnesse (2017) measured the pH of these soils in aqueous solution and found the Foley and Featherbed Lake playas to be slightly alkaline, with pH values of 7.8 and 7.3 respectively. Paulina Marsh generated the most basic pH values at 8.0. The most acidic soils in southern Oregon were Sprague River sites at 5.8 for the Seput Land Exchange, and 6.0 for the main Sprague River site. These low pH values also corresponded with higher organic matter percentages at the sites. As expected, biological measures (organic matter, carbon, and nitrogen) showed Lakeview Area sites contained low biological material in the soils, whereas large, grassy wetlands such as the Sprague River Main site, contained the highest percentages of the measured biological elements. Salts (potassium, calcium, magnesium, and electrical conductivity) showed fairly clear expected trends with the eastern lakes high in salts due to evaporative closed basin hydrology, and Klamath County sites exhibiting lower salt levels. Metals (manganese, copper, zinc, and iron) exhibited the most variability among measured nutrients, displaying no clear geographic trends between sites. Each metal possessed a different pattern of which Rorippa columbiae sites possessed high or low concentrations.
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[bookmark: _Toc499067882]Figure 8.  Soil chemistry variability for southern Oregon Rorippa columbiae habitats.
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Water Dynamics
The primary environmental requirement that every Rorippa columbiae population shares, is a watery habitat with seasonal inundation. The species inhabits both lotic and lentic ecosystems. Lotic systems with flowing water include naturally flowing perennial rivers (Sprague River Main, Seput Land Exchange, Klamath Lake Land Trust, and Williamson River Delta, OR), dammed perennial rivers (Hanford Reach and Lower Columbia, WA and OR), intermittent streams (Buck Creek Tributary and Dam’s Canyon, OR), and intermittent stream cutbanks (Dam’s Meadow, OR; Willow Creek, CA). Lentic ponding systems include shallow lakes and playas (Meiss Lake, Dry Lake, White Deer Lake, Windy Hollow, Feather Lakes North and South, and Tule Lake, CA; Foley and Featherbed Lakes, Stukel Mountain 1 and 2, OR), lake-like managed reservoirs (Clear Lake Reservoir and Outlet Dam, and Big Sage Reservoir, CA; Emigrant Lake and Malone Reservoirs, OR), and roadside ditches (Paulina Marsh, OR; Butte Valley E-W and Macdoel ditches, CA). The most successful Rorippa columbiae populations appear to be high-flow lotic systems with ample wet, terrestrial habitat (Hanford Reach, WA; Sprague River, OR). These environments are more dynamic and disturbed than lentic ponds and lakes, or lower-flow intermittent streams, and never lack adequate moisture.

All damp habitats of Rorippa columbiae are periodically disturbed by seasonal inundation patterns. Precipitation from rainfall and snowmelt events produce high water levels in late winter and spring, that decline as summer wears on. Perennial river water levels drop, exposing wet bank habitat. Intermittent streams dry, exposing wet creek bottoms. Natural lakes and playas recede such that water levels drop, or dry entirely in shallow basins. Reservoirs are seasonally drawn down to provide irrigation water during hot, dry summers. It is on these damp, recently exposed substrates, that Rorippa columbiae grows. Typically, the species appears approximately two weeks after inundating waters retreat. Botanists have observed this pattern in southern Oregon, witnessing zero Columbia yellowcress stems within a few days of local water disappearance, but returning to a habitat of R. columbiae seedlings within a few weeks (Kentnesse 2017; Gehring 1990). The plants then act quickly and opportunistically – not unlike annual plants – with buds able to form within two weeks of the first vegetative growth (Appendix D.3, photopoint monitoring of site-specific water levels and corresponding R. columbiae phenology). Rorippa columbiae will also germinate and establish directly in water on occasion. At the Paulina Marsh and Dam’s Canyon sites in Oregon, very shallow year-round water persists in some locations where R. columbiae has been seen growing with inflorescences above the water-line (Kentnesse 2017; Goldenberg 1993). It is challenging to know how prevalent underwater vegetative growth is for this taxon. Turbidity and water depth vary from site to site, obscuring potential plants. 

Pleistocene Lakes history
Rorippa columbiae adaptations to seasonal water fluctuations are not surprising given the region’s hydrogeological history of immense, ancient Pleistocene lakes. The Pleistocene epoch (1.8 million to 11,700 years ago), is characterized by large climatic oscillations, repeated glacial cycles, and a climate marked by increased precipitation. In Oregon, these lakes formed largely in the south-central and south-eastern portions of the state, in basins produced by block faulting and subsidence of the earth’s crust. They were pluvial bodies of water, created from precipitation rather than glaciers (Allen 1984). Nearly all modern Rorippa columbiae populations are found within the perimeters of these ancient pluvial lakes (Figure 9). Ancient Modoc Lake would have extended from Fort Klamath in the north to Tule Lake in California to the south, and the Langell Valley as an eastern border, with a 75-mile length and 440-mile shoreline. This large Pleistocene lake encompassed modern Lost River Area R. columbiae populations in Oregon and California, and Sprague River Area populations in the ancient lake’s massive tributaries. Ancient Fort Rock Lake covered 585 mi2 of Fort Rock and Christmas Valleys and would have included modern Paulina Marsh and extirpated Silver Lake Columbia yellowcress sites. Foley, Featherbed and extirpated Binkey Lakes would have been positioned just between Ancient Lake Chewaucan of the Lake Abert area and Ancient Lake Warner to the east. Ancient Malheur Lake (920 mi2) would have contained the extirpated Malheur and Harney Lakes Rorippa columbiae populations (Dicken 1980; Allen 1984). Washington and California’s Columbia yellowcress populations would have also been governed by Pleistocene Lakes and their precipitation regimes. In the Columbia River Gorge, Pleistocene lakes included Lake Lewis, which covered the Hanford Reach area (Bjornstad 2014), and Lake Allison, which covered Lower Columbia populations of the taxon. However, rather than being formed from tectonic events, Columbia River lakes were the result of catastrophic floods when ice dams for the immense glacial Lake Missoula would periodically fail (Allen 1984). In California, Lake Tahoe is also a remnant of a Pleistocene Lake formed from block faulting, and notably, it supports the closely-related species Rorippa subumbellata.

The hydrological dynamics of the Pleistocene lake period likely provide the basis for evolutionary habitat adaptations seen in Rorippa columbiae today. These ancient lakes that supplied habitat for the ancestors of Columbia yellowcress were never static, but rather experienced endless cycles of rising and falling waters. The epoch’s climate was defined by a succession of more than twenty glacial and interglacial climatic cycles. Cooling ice ages produced heavy precipitation in the region, with abundant snow at high elevations, and nearly constant sediment-laden river floods capable of overflowing the basins in some places. Warmer periods brought high evaporation rates, lowering lake levels and exposing vast expanses of wet substrates (Nilsson 1983; Dicken 1980). Pavlik and Murphy (2002) note that the ancestors of Rorippa subumbellata, situated in a similar habitat, likely colonized these vast areas of retreating lakeshores. When high waters returned, the species was likely inundated to extirpation except for those at the highest elevations and floating seeds and rootstocks that found their way to new habitats. The authors further comment that while some lake level fluctuations may have been gradual, others would have been more sudden and catastrophic, which would certainly affect the taxon’s gene pool, and rate and direction of evolutionary change. This hypothesis appears equally applicable to Rorippa columbiae, subject to the same glacial advances and retreats in ancient lake country. 

The modern-day lakes and wet patches that remain in these regions are drastically reduced remnants of these once immense lakes. As the climate has warmed and dried, and evaporation rates have increased, there’s comparatively very little water left in these once very wet environments. In addition, major reclamation projects at the turn of the twentieth century (e.g. Klamath Reclamation Project) and ongoing permitted water appropriations further drain remnant lakes for agricultural land uses. However, even as the Northern Basin and Range interior has settled into its present semi-arid state, its climate remains unpredictable (Dicken 1980). The region experiences alternating wet and dry periods, droughts and deluges. These extreme periods can persist for a season or a decade, a reminder of the region’s constantly changing past. 








[bookmark: _Toc499067883]Figure 9.  Pleistocene Lakes of Oregon and Rorippa columbiae habitat.  1. Lake Allison and 2. Lake Condon were ephemeral lakes produced by flooding from Lake Missoula in Montana 12,000 – 14,000 years ago. The remaining are pluvial lakes: 3. Elgin, 4. Modoc, 5. Fort Rock, 6. Chewaucan, 7. Goose, 8. Alkali, 9. Warner, 10. Guano, 11. Catlow, 12. Malheur, 13. Alvord. Boundaries indicate lake high water marks. Drainage basins were larger than what is pictured here (from Allen 1984). Modern Rorippa columbiae populations shown in green (extant) and red (extirpated).

Tolerance of moisture extremes
Rorippa columbiae is seemingly well-adapted to tolerate periods of high and low moisture availability due to its hydrogeological past. However, moisture extremes – too much or too little water – are known to constrain the species’ survival and persistence (Habegger 1997).

Prolonged inundation of riparian areas can effectively eliminate suitable Rorippa columbiae habitat (Harris 1992). This phenomenon has not been observed to occur naturally, but rather by water management regimes designed to artificially keep water levels unseasonally high. The Columbia River Gorge habitat is a prime example, with the Priest Rapids Dam immediately above the Hanford Reach R. columbiae population, the Bonneville Dam above Lower Columbia populations, and four dam systems in between (Salstrom and Gehring 1994). Dams are managed in these areas to sustain high waters well into R. columbiae’s growing season, not exposing habitat and plants until September in some years (Scherer 1991; Harris 1992). Hydroelectric reverse peaking practices introduce large daily water fluctuations that re-submerge habitat, unnaturally inundating Rorippa columbiae plants (Scherer and Young 1992; Scherer 1991) (Section IV, Water Management Threats). 

These combined practices of inundating the species during its growing season appear to be driving a decline in R. columbiae growth and reproduction. Local botanists have characterized the Hanford Reach as experiencing a precipitous population decline from the “millions of stems” reported in the 1980s to just 90,000 plants by 2003. In addition, no sexual reproduction was observed by 2002 (Caplow 2003), and very low flowering rates have been seen since that time (Salstrom 2012). It is presumed that with a shorter growing season and inadequate photoperiods, R. columbiae cannot physiologically complete its seasonal life cycle and produce flowers or viable seed (Gehring 1994). Scientists have hypothesized that R. columbiae growth is negatively affected by the poor quality of underwater light. Light attenuation in water can produce light levels equivalent to a densely shaded terrestrial environment, and these light level reductions can affect photosynthesis and growth. Negligible sexual reproduction may be a result of higher red to far-red ratios under water, which often inhibits flower production (Simmons 2000; Gehring 1990). While the Columbia River Gorge Rorippa columbiae populations have been most affected by prolonged inundation, these management regimes been observed at the Malone Reservoir in southern Oregon as well. However, it is not known how R. columbiae survival, growth or reproduction are affected by these extended submergence periods in southern Oregon.

Little is known about R. columbiae drought tolerance, or the stress threshold that tips populations to extirpation. Population declines in response to drought years have been documented at Malheur, Featherbed and Foley Lakes, and Stukel Mountain in Oregon (Goldenberg 1993). Malheur Lake exemplifies a population very clearly extirpated due to inadequate moisture levels as the shoreline of the lake receded nearly two miles in two decades, leaving old R. columbiae sites far upshore, with the last remaining plants clinging to remnant pieces of woody debris that retained moisture (Kaye and Massey 1991; Kaye 1996). Beyond stem count declines, water-stressed populations unsurprisingly seem to have lower growth and reproductive outcomes as well. Featherbed and Foley Lakes had the smallest Columbia yellowcress of any sampled sites in 2016, with an average 2.71 cm stem height and 12 leaves per plant. Plants extracted at Foley Lake in 2015 had roots 21.6 cm in length in comparison to Sprague River area plant roots that grew several feet long. These eastern playa sites also had the lowest sexual reproduction rates with 0.033 fruits per plant, with the exception of Buck Creek Tributary which did not show any buds, flowers or fruit (Kentnesse 2017). While these sites are the hottest and driest of extant populations in the state, these low numbers may not suggest an inability to persist based on low water availability. Individual plants may have always been small given the local climatic conditions. The 2016 Featherbed Lake population is relatively similarly sized to its years of highest population counts. The impacts of drought stress on the taxon remains a key area of needed research as the region is experiencing another cycle of drought years, and climatic conditions are warming.

For further information on Rorippa columbiae and water, see Sections III.C Population Trends and IV.A Threats. For information on Columbia River water management, see Section IV.A on Threats. 

Disturbance
If seasonal inundation is the primary environmental requirement for Rorippa columbiae habitat, disturbance is likely the associated second. 

Disturbance from seasonal indundation patterns
Seasonal inundation patterns disturb soils and biological communities, to the apparent benefit of Rorippa columbiae. Cycles of high seasonal water levels scour or influence habitat to varying degrees depending on the lotic or lentic nature of the hydrological system, terrain, and velocity of the water (Nilsson 1987). One result of moving waters is the disruption of ecological succession. This disturbance likely helps to maintain open habitat, and a predominantly herbaceous biological community (Kaye 1996). Many woody competitors that would otherwise take up nutrients and water supplies are prevented from establishing, and vegetative density is typically low. Newly broken and bare soil provides opportunities for R. columbiae germination and establishment as substrates begin to dry. Flow events can also erode channels, depositing nutrient-rich sediments that may be needed for healthy Columbia yellowcress habitat. They can also aid dispersal by breaking rhizome fragments and transporting seeds.

Rorippa columbiae appears well-adapted to regularly disturbed environments (Harris 1992; Scherer 1991). Disturbance frequency and intensity varies across Columbia yellowcress sites, however, sites with more forceful flows tend to support higher taxon stem counts. For example, the Hanford Reach in Washington and Sprague River in Oregon support some of the largest, most successful R. columbiae populations known. The species’ presence on eroded cut banks and roadside ditches also point to a disturbed habitat as typical (Meinke 2002; Goldenberg 1993). 

Other Disturbance sources and impacts
Columbia yellowcress plants have been observed to thrive in direct response to anthropogenic disturbance as well. White Deer Lake, CA, a major Caltrans wetland mitigation project site between 2007 and 2016, has provided an opportunity for observation of Rorippa columbiae response to construction and mitigation activities (Posey 2016). In one White Deer Lake subpopulation, conifer removal from the lakebed occurred in early 2007 with mechical equipment. Later that same year, R. columbiae plants were found growing in soil disturbed by the logging equipment. Within three years (2010), the subpopulation had tripled in size, mostly in those same logging-disturbed areas. Botanists observed that the equipment tracks had removed competing vegetation, making the area where Columbia yellowcress was growing a fairly bare-soil environment. In 2012, the population had more than doubled from the 2010 census. In another White Deer Lake subpopulation, a bulldozer removed a berm on the northside of a large pond in 2012, and partially filled the pond with the material. In 2013, 59 new Rorippa columbiae plants emerged on the pond’s northside, in the exact place where the bulldozer had leveled the berm. In 2014, 58 additional R. columbiae plants were found, totaling 117 new plants over the two-year period. Some of the 2014 new plants were found down the side of the pond in the new fill material, suggesting that viable seeds must have been relocated by the bulldozer along with soil. In 2015 and 2016, population numbers started to drop. Local botanists hypothesize that while the decrease may have been due to lower precipitation in those years, the decline may be equally attributable to a noticeable increase in perennial grasses, perennial forbs, and shrub seedlings quickly populating the disturbed areas (see Posey 2016 White Deer Lake report for photographs of vegetative succession).

The clear positive growth response of R. columbiae to habitat disturbance at White Deer Lake raises questions about whether the species might also respond to OHV-use positively in the short-term. Similarly, perhaps cattle-induced disturbance might generate some positive response from R. columbiae populations. However, the impact of cattle on R. columbiae may be a more complex phenomenon since some data show R. columbiae population growth following the exclusion of cattle from habitat (Section IV, Threats). Other wildlife interactions such as the presence of gopher tunnels at Sprague River Seput Land Exchange may help create needed disturbance for R. columbiae success. R. columbiae has been found growing directly on bare soil created by the gopher mounds in 2014, 2015 and 2016 (Malaby 2016).  


Biological Community
The two population centers for the species – the Columbia River Gorge and southern Oregon / northern California – support different biological communities. This is not surprising given the differences in elevation, latitude and climate between the two geographic areas (Goldenberg 1993). 

The Columbia River Gorge populations occur along shorelines of the largest river in the Pacific Northwest. Habitat occurs at 46.6 latitude on average, nearly at sea level, in a climate ranging from warm, Cascade-cloudy in the west, to semi-arid sunny in the east. Native overstory vegetation in Columbia River Gorge habitat includes Artemisia lindleyana, Cornus sericea ssp. sericea, Fraxinus latifolia, Populus balsamifera ssp. trichocarpa, Rubus ursinus, Salix exigua, Salix lucida, Sambucus racemosa, and Symphoricarpos albus. Native herbs include Apocynum cannabinum, Cerastium nutans, Coreopsis tinctoria var. atkinsoniana, Cyperus squarrosus, Deschampsia caespitosa, Eleocharis palustris, Epilobium ciliatum ssp. watsonii, Equisetum arvense, Eragrostis pectinacea, Euthamia occidentalis, Gaillardia aristata, Helenium autumnale, Lindernia dubia var. anagallidea, Lycopus asper, Machaeranthera canescens, Mentha arvensis, Polypodium glycyrrhiza, Portulaca oleracea, Ranunculus cymbalaria, Rorippa curvipes, Rorippa curvisiliqua, Rumex salicifolius, Symphyotrichum subspicatum var. subspicatum, Urtica dioica, and Veronica anagallis-aquatica. Introduced exotic species that occur in this population center are Aira caryophyllea, Agropyron repens, Agrostis stolonifera, Arabidopsis thaliana, Cerastium viscosum, Chenopodium botrys, Convolvulus arvensis, Crypsis alopecuroides, Holcus lanatus, Melilotus officinalis, Morus alba, Phalaris arundinacea, Plantago lanceolata, Plantago major, Poa compressa, Polygonum persicaria, Scleranthus annuus, Veronica arvensis, and Vulpia myuros (WNHPDB 2016; Gehring 1992; Cornelius 1985).

Southern Oregon and Northern California populations occur along shorelines of rivers, streams, cutbanks, lakes, playas, reservoirs and ditches. Habitat occurs at 42.0 latitude and 4,700 feet elevation on average, and in a climate that ranges from Mediterranean to semi-arid, with low average precipitation overall. Native overstory vegetation in this population center’s habitat includes Alnus incana, Amelanchier alnifolia, Artemisia arbuscula, Artemisia cana, Artemisia nova, Artemisia tridentata, Chrysothamnus viscidiflorus, Cornus sericea, Ericameria nauseosa, Juniperus occidentalis, Pinus ponderosa, Populus tremuloides, Purshia tridentata, Ribes cereum, Rosa woodsii, Salix sp., and Symphoricarpus albus. Native herbs include Achillea millefolium, Agoseris glauca, Argentina anserina, Arnica chamissonis ssp. foliosa var. incana, Artemisia douglasiana, Camissonia tanacetifolia, Carex spp., Chenopodium album, Collomia linearis, Delphinium sp., Downingia sp., Deschampsia danthonioides, Eleocharis palustris, Elymus elymoides, Epilobium brachycarpum, Epilobium ciliatum, Epilobium pygmaeum, Glyceria striata, Gnaphalium palustre, Helenium autumnale, Heliotropium curassavicum, Hordeum jubatum, Hypericum scouleri, Iva axillaris, Juncus spp., Lotus unifoliolatus, Mentha arvensis, Microsteris gracilis, Mimulus guttatus, Monolepis nuttalliana, Navarretia leucocephala, Phacelia thermalis, Phlox diffusa, Plagiobothrys scouleri, Polygonum polygaloides, Potentilla biennis, Potentilla newberryi, Prunella vulgaris, Psilocarphus brevissimus, Ranunculus occidentalis, Rorippa curvisiliqua, Rorippa palustris ssp. fernaldiana, Sidalcea oregana, Stachys pilosa, Symphyotrichum spathulatum, Taraxacum officinale, Trifolium wormskioldii, and Veronica peregrina. Introduced exotic species include Agrostis stolonifera, Alopecurus pratensis, Bromus tectorum, Carduus nutans, Circium arvense, Elymus repens, Erodium cicutarium, Lactuca serriola, Onopordum acanthium, Phalaris arundinacea, Poa pratensis, Polygonum aviculare, Rumex crispus, Salsola tragus, Spergula arvensis, Thlaspi arvense, Tripleurospermum inodorum, and Ventenata dubia (Kentnesse 2017; CNDDB 2016; Goldenberg 1993). 



Specific Habitat
COLUMBIA RIVER GORGE HABITAT

Two geographic areas comprise Columbia River Gorge Rorippa columbiae habitat.

Lower Columbia Area
The Lower Columbia Area is located between Portland, Oregon and the Bonneville Dam in the Columbia River Basin. The region can be characterized by the Columbia River and the Columbia River Gorge, which cut through steep Cascade Mountain terrain. The area’s warm-temperate rainy climate creates a wet, cloudy environment. The lotic hydrologic regime supports sparsely vegetated low riparian zones, and stunted dogbane, mulberry and willow at slightly higher riparian elevations. Habitat in this region is commonly low, cobble-gravel islands and shoreline on a free-flowing river reach (Gehring 1994; Salstrom and Gehring 1994; Gehring 1993; Harris 1992; Camp 1992; Scherer 1991; Cornelius 1985). Three Rorippa columbiae populations (Moore Island, Sandy River Delta, and Old Mouth of Sandy River) occur on river bars and tidal flats in close proximity to Portland, Oregon. Four additional populations (Pierce Island, Pierce National Wildlife Refuge, Ives Island and Hamilton Island) occur along shorelines four miles downstream from the Bonneville Dam, the lowest dam on the Columbia River.

1. Moore Island
Moore Island is an island within the Columbia Slough north of Portland, Oregon. The R. columbiae habitat consists of tidal flats on the north bank of the island. Emergent wetland vegetation characterizes the site, with Carex sp. and Juncus sp. being the most common taxa. This site is managed by Portland Parks and Recreation (WNHPDB 2016; ORBIC 2016).

2. Sandy River Delta
The Sandy River Delta site is located on the south shoreline of the Columbia River in Multnomah County, Oregon. The habitat is an open river bar at the mouth of the Sandy River, with a substrate of saturated gravel and silt at the water’s edge. Little vegetation occurs at this site with the exception of a few scattered forbs and graminoids. Associated species include Arabidopsis thaliana, Poa annua, Cerastium nutans, Cerastium glomeratum, Scleranthus annuus, Veronica arvensis and Aira sp. The new mouth of the Sandy River was created by the Army Corps of Engineers’s channelization of the river. This site is located within the Columbia River Gorge National Scenic Area on private land (WNHPDB 2016; ORBIC 2016; Kaye 1996).

3. Old Mouth of Sandy River
This site is located on the south shoreline of the Columbia River in Multnomah County, Oregon, at the old mouth of the Sandy River. The R. columbiae population is situated on a river bar consisting of sand, silt, gravel and cobbles. It also occurs in a shallow swale atop a gently sloped sand dune. Salix sp. is the dominant vegetation at the site, and the Columbia cress plants tend to be found at the outer edge of that vegetated zone.  Threats include dredging and dumping by the Army Corps of Engineers. This site is located within the Columbia River Gorge National Scenic Area on private land (WNHPDB 2016; ORBIC 2016; Kaye 1996).


4. Pierce Island 
Pierce Island is an island of the Columbia River that is located in Skamania County, Washington. R. columbiae habitat occurs on the north, east and south sides of the island and consists of open, bare gravel and cobble. The plants occur in the lowest vegetated zone with other scattered plants including Polygonum persicaria, Rorippa curvisiliqua var. curvisiliqua, Aster subspicatus, Artemisia lindleyana and Salix fluviatilis. Siltation and substrate rearrangment is one possible threat to this population’s habitat. This site was formerly a Nature Conservancy property. It is now owned and managed by the Columbia Land Trust (WNHPDB 2016; Kaye 1996; Cornelius 1985).

5. Pierce National Wildlife Refuge
Pierce National Wildlife Refuge is located on the north shoreline of the Columbia River in Skamania County, Washington. R. columbiae habitat occurs on the southern shore of the refuge, directly across from Pierce and Ives islands, and adjacent to Hamilton Island. Habitat is a moderately sloped bank, and substrate can be either predominantly sandy soil or gravel and cobbles. Associated species include Artemisia lindleyana, Chenopodium botrys, Helenium autumnale, Euphorbia supina, Agrostis sp., Equisetum sp., Salix fluviatilis, Fraxinus sp., and Populus trichocarpa. This site is located within the Columbia River Gorge National Scenic Area on public national wildlife refuge land, and is managed by the U.S. Fish and Wildlife Service (WNHPDB 2016; Kaye 1996).

6. Ives Island
Ives Island is an island of the Columbia River that is located in Skamania County, Washington. The R. columbiae population occurs on the south shore of the island. Habitat consists of open, gravel and cobble habitat near old pilings, with some sand and silt deposition. Associated species include Helenium autumnale, Artemisia lindleyana and Salix fluviatilis. This site is located within the Columbia River Gorge National Scenic Area on public Gifford Pinchot National Forest land (WNHPDB 2016; Kaye 1996).

7. Hamilton Island
Hamilton Island is an island of the Columbia River that is located in Skamania County, Washington. The R. columbiae population grows on the south shore of the island, just east of the mouth of Hamilton Creek. Habitat is open, bare gravel and cobble with a small amount of silt deposition. Notably, Hamilton Island is an EPA Superfund site due to its history as an unlined landfill for debris, chemical waste, paint and degreasers. It is unknown how the historic potential leaching of toxic waste may have impacted R. columbiae habitat and plants in the past or present. Associated species include Polygonum persicaria, Poa sp., Digitaria sanguinalis, Coreopsis atkinsoniana, Chenopodium botrys, Gaillardia aristata, Aster sp., Convolvulus sp., Mentha sp., Panicum sp., Salix fluviatilis, Artemisia lindleyana, and Helenium autumnale. This site is managed by the U.S. Army Corps of Engineers (EPA 2016; WNHPDB 2016; Kaye 1996; Salstrom and Gehring 1994; Scherer 1991).





Hanford Reach Area

The Hanford Reach Area is located downstream of the Priest Rapids Dam and upstream of Washington’s tri-cities, in the Columbia River Basin’s Pasco Basin. The region is the topographic low point of the Columbia Basin, created by the scouring of the Missoula floods 10,000 years ago (Sackschewsky 1992). Situated in the rainshadow of the Cascade Mountains, the Hanford Reach is a warm, semi-arid, high light environment. The area averages 8 inches of precipitation per year, with July mean maximum temperatures of 92F. The regional climate supports a shrub-steppe zone, with Artemisia tridentata as the dominant vegetation. Riparian shorelines are sparsely vegetated in direct Rorippa columbiae habitat. Notably, water quality had been a concern in this area for many decades. Heated water, corrosive chemicals, and radionuclides were released into the river fairly continuously between 1943 and 1972 from the Hanford Nuclear Facility (Rikard and Watson 1985). At least 16 Rorippa columbiae populations occur in the Hanford Reach Area, on islands and riverbanks along the free-flowing reach. Individual site descriptions are not available for R. columbiae populations; the local database record-keeping system does not clearly distinguish boundaries between populations (WNHPDB 2016; Salstrom and Gehring 1994; Gehring 1994; Harris 1992; Cornelius 1985).

8. 
9. Vernita Bridge
10. 100 B & C areas
11. Coyote Rapids Island
12. 100-D area
13. Wahluke area
14. 100-H area
15. Locke Island
16. White Bluffs Ferry
17. SE of 100-F area
18. Hanford Townsite
19. Savage Island
20. Plow Island
21. Ringold Boat Launch
22. Homestead Island
23. Wooded Island
24. Johnson Island






SOUTHERN OREGON HABITAT

Four geographic areas comprise southern Oregon Rorippa columbiae habitat.

Emigrant Lake Area
The Emigrant Lake Area is located southeast of Ashland in the Rogue Basin’s Middle Rogue subbasin. Water for the area is sourced from precipitation in the surrounding high elevation slopes of the Siskiyou Mountains to the south and east. The Mediterranean-type climate supports oak woodland and open savannah vegetation communities in the uplands, and grassland and riparian areas in the valleys (Reclamation 1995). One R. columbiae population occurs in the dam-impounded reservoir (Emigrant Lake), which flows into Bear Creek, a tributary of the Rogue River.

Sprague River Area
The Sprague River Area is located northeast of Klamath Falls and drains over a million acres of volcanic plateau into Upper Klamath Lake. The area encompasses mixed conifer forests of ponderosa pine on upland mountain slopes, juniper and sagebrush steppe on rangeland flats, and the river valleys are dominated by irrigated pasture and natural wet meadows where R. columbiae populations are found (USDA NRCS 2015). The Sprague River area is the best example of streambank habitat and metapopulation dynamics in southern Oregon, with four R. columbiae populations positioned directly on the Sprague River (Sprague River KLLT, Sprague River Main, Sprague River Seput Land Exchange, and the Williamson River Delta), and one population in the Rock Creek tributary (Dam’s Canyon - Dam’s Meadow) that intermittently flows into the Sprague River. Buck Creek Tributary is also included in this geographic region due to its similar vegetation, substrate, ecology and land ownership to other Sprague River sites. However, its waters join with Buck Creek to flow south into the Lost River. 

Lost River Area
The Lost River Area is located southeast of Klamath Falls, and is contained within the Klamath Basin’s Lost River subbasin. The region can be characterized by its large basins, ancient lake terraces and occasional basaltic mountains (Anderson et al. 1998). The area’s vegetation is a mosaic of open juniper woodlands and rural range and agricultural communities. Two Rorippa columbiae populations occur in shallow reservoirs on Stukel Mountain (Stukel Mountain 1 and 2), which is a high elevation recharge zone that channels snowmelt and precipitation into the Lost River as it runs south into the Tule Lake region of California. A third R. columbiae population (Malone Reservoir) occurs in a reservoir for the heavily-irrigated Langell Valley, quite close to California’s Clear Lake Reservoir Area and the Lost River’s origins.

Lakeview Area
The Lakeview Area is located in the high desert playa and wetland regions of Lake County. The area lies within the Goose and Summer Lakes Basin, an internally-draining basin. The area is drained largely by intermittent streams in upland areas, into alkaline, evaporation-driven lakes and marshes in the valleys (ODA 2015). Sagebrush forms the dominant vegetation in this semi-arid rangeland region. Two Rorippa columbiae populations occur in high desert playas east of Lake Abert (Foley and Featherbed Lakes). One population occurs in a roadside ditch (Paulina Marsh) near the town of Silver Lake, with seasonal water sourced from both natural perennial rivers and wetlands, and flood irrigation.



Emigrant Lake Area

1. Emigrant Lake, Oregon
Emigrant Lake is a reservoir located southeast of Ashland, at the southern end of the Rogue Valley. The land is owned and managed by both the US Bureau of Reclamation and Jackson County. The site is situated within the Klamath Mountains’ Oak Savanna Foothills ecoregion (OSU 2016). Emigrant Lake is recently discovered Rorippa columbiae habitat, with the first recorded observation occurring in 2013. Three R. columbiae subpopulations are known to occur at this site.

[image: T:\Research\Cord1050\Share\Species Folders\ROCO\ROCO Pictures\Thesis Field Pics\2016 ROCO Field Pics Organized by Site\Emigrant Lake Reservoir\IMG_4301.JPG]Climate:  Emigrant Lake is located in the Rogue Valley, in the rainshadow of the Klamath-Siskiyou Mountains. The area experiences a mild, Mediterranean-type climate, with a long summer drought. The region receives approximately 23 inches of precipitation per year, and averages January temperatures of 4C (39F), and July temperatures of 21C (69F). Maximum summer temperatures hit 32C (89F) on average (PRISM 2016; OSU 2016).

Landscape:  This site is an artificial lake at 2,241 ft elevation. The slope gradient is relatively mild at approximately 15%, and R. columbiae plants occur in the sloped drawdown zone of the reservoir.

Soil & Substrate:  Soil texture is a well-drained loam. Soils in the drawn down areas that support R. columbiae tend to be composed of finer clays and silts, deposits from inflow creeks. Erosion from boat waves may also contribute to finer particle sizes and substrate disturbance dynamics (Reclamation 1995). Elevated mercury concentrations have been found in Emigrant Lake smallmouth bass, suggesting the reservoir water and substrate may also have high concentrations of the element. High levels of nickel and antimony have also been found (Meyers and Tugaw 2011).

Hydrology:  Emigrant Lake lies within the Rogue River Basin’s middle subbasin. Water for the reservoir is sourced from the surrounding high elevation slopes of the Siskiyou Mountains to the south and east. Two miles upstream of the dam, the Green Springs Powerplant controls releases into the reservoir (Reclamation 1995). Emigrant Lake feeds Emigrant Creek, which flows into Bear Creek, a major tributary of the Rogue River. Water management by the US Bureau of Reclamation and local power company influences the hydrological processes at this site.





Biological Community: Oak woodland is the most common vegetation community on the upland slopes surrounding the lake, with Quercus garryana (Oregon white oak) as the dominant overstory. Salix sp. (willow) is the dominant shrub in the mid- to upper-elevations of the drawdown, in closer proximity to R. columbiae habitat. Exposed beach-mudflat habitat supports an herbaceous layer of native and non-native species, including R. columbiae. Associated species include Cuscuta sp., Lythrum tribracteatum, Portulaca oleracea, Euphorbia sp., Echinochloa sp., Crypsis sp., Amaranthus sp., Mollugo sp., Panicum capillare, Bidens sp., Convolvulus arvensis, Polygonum aviculare, Xanthium strumarium, Dysphania sp., and Mentha pulegium. 

Threats to Habitat:  Water management is the predominant threat at this site. Emigrant Lake is impounded by the Emigrant Lake Dam, originally built in 1924, and enlarged in 1960. The US Bureau of Reclamation artificially manipulates water levels to meet irrigation and flood control needs for surrounding farmland. The Green Springs Powerplant manipulates upstream flows to contribute to power supplies in southern Oregon and northern California. Reservoirs and dams have been shown to be a threat at other R. columbiae sites (Section III.E, Columbia River Gorge Habitat; Section IV, Water Management Threats) by providing too much inundation too late in the growing season for R. columbiae to successfully persist and sexually reproduce. Emigrant Lake typically fills to peak levels in April, is slowly drawn down in May, and is drawn down at its fastest rate in June as irrigation demands heighten (Reclamation 1995). This release timing may adequately mimic natural conditions for R. columbiae. It has not yet been demonstrated that the local water management regime is harming the population, though the population should be monitored with high attention to the possibility of harm. Recreation is a prominent land use at Emigrant Lake, and a threat to the R. columbiae population. In 1968, Jackson County entered a 50-year lease agreement with the US Bureau of Reclamation in order to develop recreational opportunities and facilities, and manage surface waters and lake shores. Recreation at the site currently includes extensive beachfront, boating, OHV use, a campground, picnic areas, and water slides. Recreational use is amplified by a thriving tourist industry in nearby Ashland (Reclamation 1995). Non-native weeds are also a concern for the Emigrant Lake R. columbiae population. Numerous introduced species occur just upslope of R. columbiae habitat, such as Centaurea solstitialis (yellow starthistle). However, they likely do not pose a direct threat to the species due to seasonal disturbance, inundation patterns, and differing habitat requirements. Several drawdown species are non-native competitors (see Biological Community section above), but not notably aggressive.

All uncited habitat information presented for this site was sourced from Kentnesse (2017), maps, and personal communications with Dr. Richard Halse, OSU. Rorippa columbiae population GPS data are available electronically from the ODA Native Plant Conservation Program.







Sprague River Area

2. Buck Creek Tributary
Buck Creek Tributary is an unnamed tributary of Buck Creek, and the land is owned and managed by the USFS Fremont-Winema National Forest, Chiloquin Ranger District (Kaye 1996). The site is situated within the Eastern Cascade Slopes and Foothills ecoregion in Fremont Pine/Fir Forest (OSU 2016). Two R. columbiae subpopulations occur at this site, one extant and one extirpated. All information provided below was gathered from the habitat of the extant population.

[image: ]Climate:  In the rainshadow of the Cascades Mountain Range, Buck Creek Tributary has greater temperature extremes and less precipitation than ecoregions to the west. Regions further east have even greater temperature extremes and less precipitation than Buck Creek Tributary. The area experiences approximately 15 inches of precipitation per year, and averages January temperatures of -2.5C (27.5F), and July temperatures of 17C (63F) (PRISM 2016; OSU 2016).

Landscape:  This site occurs in a creek bed at 4,528 feet in mid-elevation mountains. The slope gradient of the creek bed is very gentle at 3%, and R. columbiae plants occur exclusively in the toeslope near a large rock. 

Soil & Substrate:  Parent material is alluvium. Soil texture is a gravelly sandy clay loam, with an average of 63.0% sand, 14.4% silt and 22.6% clay. Surface soils are primarily composed of stream-deposited mineral sediments, along with plant litter and cattle excrement. Nutrient composition data was collected on experimental transects (Kentnesse 2017), and results are shown in Table 8 below.


[bookmark: _Toc499067896]Table 8.  Buck Creek Tributary soil chemistry sampling results, at 0 – 15 cm and 16 – 30 cm depths.
	

	pH
	EC
(mS/cm)
	OM
(%)
	C
(%)
	N
(%)
	P
(ppm)
	K
(meq)
	Ca
(meq)
	Mg
(meq)
	Mn
(ppm)
	Cu
(ppm)
	Zn
(ppm)
	Fe
(ppm)

	0-15 cm
	7.2
	159.6
	4.3
	2.16
	0.19
	37.3
	0.8
	19.2
	9.3
	150.9
	5.5
	2.9
	351.5

	16-30 cm
	7.4
	89.1
	2.7
	1.37
	0.12
	33.3
	0.6
	19.1
	9.5
	201.0
	5.6
	1.7
	283.5






Hydrology:  R. columbiae grows in a small intermittent streambed of unknown length, which feeds into nearby perennial Buck Creek, and ultimately the Lost River further south. Fluvial processes are the dominant natural process and disturbance for this site. Water typically flows through this streambed annually from December through June, providing gentle erosive action and depositing sediment. By late June of 2016, the creek was no longer flowing but ponding in the deepest depressions, and by late July, no water was observed (Kentnesse 2017). One old site report (1999) mentions that water may be being diverted by a private landowner upstream, but this has not been investigated.

Biological Community:  Open ponderosa pine forests characterize this site and region (OSU 2016). The fairly open canopy of Buck Creek Tributary and a gravel road adjacent to the site allow substantial light to reach the ground where R. columbiae occurs (Kaye 1996). The canopy is composed of Juniperus occidentalis, Pinus ponderosa and Populus tremuloides. The shrub layer is sparse, with Artemisia tridentata and Purshia tridentata in the drier areas, and Rosa sp. and Ribes cereum in the wetter areas. The site largely consists of an herbaceous layer that is a mix of native and non-native graminoids and herbs. Associated species include Juncus sp., Carex sp., Carex nebrascensis, Eleocharis quinqueflora, Agrostis sp., Alopecurus aequalis, Beckmannia syzigachne, Deschampsia danthonioides, Hordeum brachyantherum, Poa bulbosa, Achillea millefolium, Camissonia tanacetifolia, Delphinium sp., Epilobium brachycarpum, Euphorbia sp., Gnaphalium palustre, Lotus unifoliolatus, Navarretia leucocephala, Phlox diffusa, Rorippa curvisiliqua, Rumex crispus and Taraxacum officinale (Kentnesse 2017).

Threats to Habitat: Cattle activity is the dominant documented threat for this site. Since the first U.S. Forest Service Buck Creek Tributary site report in 1994 through the present, botanists consistently report heavy grazing. Direct R. columbiae grazing was observed in 1994 and 1997, and trampling concerns have been recorded throughout the past 23 years. Grazing timing is additionally problematic. The site appears to be grazed in July each year, just as annual water is receding. R.columbiae habitat is in the lowest depression of the immediate area where water lingers longer, drawing cattle directly to the 2 m2 area for a water source. In addition, this is a sensitive time period for Rorippa columbiae as young stems appear in the two weeks following the drying of its habitat. Vegetative encroachment from Pinus ponderosa (ponderosa pine) and Juniperus occidentalis (western juniper) on the west bank of the tributary also threaten the Columbia cress population by creating significant shade during certain times of day. A few juvenile conifers are growing on the east bank between the road and the stream channel, and may pose a future shading threat. Vehicles are also a threat to R. columbiae habitat at this site. In 2014, 2015 and 2016, OHV use was observed in the stream channel in several nearby locations (Appendix D.5, photographs of threats).

All uncited habitat information presented for this site was sourced from Kentnesse (2017), Kaye (1996), USFS site reports by S. Malaby (2014, 2015), maps, and historic site reports. Rorippa columbiae population GPS data are available electronically from the ODA Native Plant Conservation Program.




Sprague River Area

3. Dam’s Canyon
Dam’s Canyon occurs along intermittent Rock Creek, a north-south tributary of the Sprague River. The site is just downstream from the adjacent Dam’s Meadow R. columbiae habitat, which is a perennial tributary of Rock Creek. The land is owned and managed by the US Fremont-Winema National Forest, Chiloquin Ranger District. The site is situated within the Eastern Cascade Slopes and Foothills ecoregion in Fremont Pine/Fir Forest (OSU 2016). Dam’s Canyon hosts 9 subpopulations, and 14 when totaled with Dam’s Meadow subpopulations. Historically, this site along with the Dam’s Meadow population supported the largest southern Oregon Rorippa columbiae population, with a combined 2,770 stems at population peak.

[image: T:\Research\Cord1050\Share\Species Folders\ROCO\ROCO Pictures\Thesis Field Pics\2016 ROCO Field Pics Organized by Site\Dam's Canyon & Rock Creek\Dam's Canyon Photopoints\Misc Photos for CS\Main Site Photo - Rock Creek.JPG]Climate:  In the rainshadow of the Cascades Mountain Range, Dam’s Canyon has greater temperature extremes and less precipitation than ecoregions to the west. Regions further east have even greater temperature extremes and less precipitation than Dam’s Canyon. The area experiences approximately 15 inches of precipitation per year, and averages January temperatures of -2.5C (27.5F), and July temperatures of 17C (63F) (PRISM 2016; OSU 2016).

Landscape:  Dam’s Canyon is a narrow canyon with slopes approaching a 45% gradient down to Rock Creek. The streambed itself, where R. columbiae grows, is quite flat with a 2% slope on average. Plants are consistently positioned in the toeslope of the streambed. Elevation is 4,500 feet.

Soil & Substrate:  Parent material is alluvium. Soil texture is a sandy clay loam, though R. columbiae grows in the creekbed gravels and cobbles, in silt and sand accumulations among the gravel, and occasionally directly in the water.

Hydrology:   This reach of Rock Creek is partly perennial, with at least a trickle of year-round water supply in late summer and early fall. It is also partly intermittent and several subpopulations occur on substrate that runs dry as summer progresses. The perennial tributary of Dam’s Meadow joins the creek approximately 0.2 miles from the first Dam’s Canyon R. columbiae plants, and these are the subpopulations that tend to have a perennial character. The subpopulations further downstream are the ones that lose all surface water in most years. Rock Creek is a tributary of the Sprague River, and a part of the Klamath Basin’s Sprague River subbasin.




Biological Community:  Dam’s Canyon has a fairly closed mixed conifer forest overstory due to the mature age of the forest, canyon ravine topography and narrow width of the creek and its riparian plant community. Dominant tree species include Pinus ponderosa (ponderosa pine), Juniperus occidentalis (western juniper) and Populus tremuloides (quaking aspen). The site also consists of a more complex understory than other southern Oregon R. columbiae sites, with higher species richness in its shrub layer. Key shrubs include woody species such as Alnus incana (gray alder), Amelanchier alnifolia (serviceberry), Cornus sericea (red-osier dogwood), Rosa woodsii (Woods rose), Salix sp. (willow), and Symphoricarpus albus (snowberry). Associated species in the diverse herbaceous layer include Agrostis sp., Deschampsia elongata, Glyceria striata, Equisetum sp., Arnica sp., Euphorbia sp., Gnaphalium palustris, Hypericum scouleri, Lotus unifoliolatus, Mentha arvense, Mimulus guttatus, Navarretia sp., Potentilla biennis, Potentilla gracilis, Prunella sp., Stachys pilosa, Taraxacum officinale, Veronica americana, and Viola sp.

Threats to Habitat:  Shading is a threat with the site’s moderate to high canopy density. The immediate area above Rock Creek is absent tree canopy, but as the sun moves across the canyon during the day, significant shading can occur. One of Dam’s Canyon’s nine subpopulations is consistently heavily shaded by willows and other shrubs, and R. columbiae plants appear etiolated and unhealthy compared to other subpopulations. Cattle activity is also a problem, with trampling and eroded slopes evident throughout the canyon. Lastly, non-native weeds are present at this site, including scattered Cirsium arvense (Canada thistle).

All uncited habitat information presented for this site was sourced from Kentnesse (2017), Habegger (1997), Kaye (1996), USFS site reports by S. Malaby (2014, 2015), maps, and historic site reports. Rorippa columbiae population GPS data are available electronically from the ODA Native Plant Conservation Program.




Sprague River Area

4. Dam’s Meadow
Dam’s Meadow occurs along an unnamed perennial tributary of Rock Creek, which then feeds into Rock Creek and eventually the Sprague River 6 km downstream. The site is just upstream from the adjacent Dam’s Canyon Rock Creek R. columbiae habitat, and plants occupy several patches on the westside cut bank. The land is owned and managed by the US Fremont-Winema National Forest, Chiloquin Ranger District. The site is situated within the Eastern Cascade Slopes and Foothills ecoregion in Fremont Pine/Fir Forest (OSU 2016). Dam’s Meadow hosts 5 subpopulations, and 14 when totaled with Dam’s Canyon subpopulations. Historically, this site along with the Dam’s Canyon population supported the largest southern Oregon Rorippa columbiae population, with a combined 2,770 stems at population peak.
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Climate:  In the rainshadow of the Cascades Mountain Range, Dam’s Meadow has greater temperature extremes and less precipitation than ecoregions to the west. Regions further east have even greater temperature extremes and less precipitation than this area. The area experiences approximately 15 inches of precipitation per year, and averages January temperatures of -2.5C (27.5F), and July temperatures of 17C (63F) (PRISM 2016; OSU 2016).

Landscape:  The landscape consists of a perennial stream and steeply eroded cut banks, with slopes up to 75% and gullies up to 10 feet vertical depth. Significant gully erosion has been attributed to long-term heavy cattle activity in the riparian area. R. columbiae plants grow almost exclusively on the steep backslopes (45% average slope gradient), with a few scattered plants growing in the moist footslopes adjacent to creek water. Elevation is 4,530 feet. 

Soil & Substrate:  Parent material is alluvium. Soil texture is a clay loam with an average of 33.8% sand, 30.4% silt and 35.8% clay. Occasional scattered R. columbiae plants have been found growing in the water and pebbles of the creekbed. Nutrient composition data was collected on experimental transects (Kentnesse 2017), and results are shown in Table 9 below. Dam’s Meadow has notably higher calcium and copper concentrations than other southern Oregon sites.

[bookmark: _Toc499067897]Table 9.  Dam’s Meadow soil chemistry sampling results, at 0 – 15 cm and 16 – 30 cm depths.
	

	pH
	EC (mS/cm)
	OM
(%)
	C
(%)
	N
(%)
	P
(ppm)
	K
(meq)
	Ca
(meq)
	Mg
(meq)
	Mn
(ppm)
	Cu
(ppm)
	Zn
(ppm)
	Fe
(ppm)

	0-15 cm
	7.0
	92.5
	4.9
	2.43
	0.20
	24.1
	0.6
	28.0
	15.1
	41.5
	9.2
	2.1
	191.8

	16-30 cm
	7.0
	92.3
	5.1
	2.56
	0.21
	20.1
	0.7
	28.4
	14.8
	45.3
	8.1
	2.2
	177.2


Hydrology:  Dam’s Meadow is located on a low-flow perennial tributary of Rock Creek. By late summer, creek width is typically reduced to 1 – 2 feet and a few inches in depth. Rock Creek is a tributary of the Sprague River, and a part of the Klamath Basin’s Sprague River subbasin.

Biological Community:  Ponderosa pine forests are common on upland slopes in this area. However, the site occurs in a sagebrush flat, with clumps of Salix sp. (willow) and Populus tremuloides (quaking aspen) providing the nearest canopy cover. The shrub layer in the upper regions of the gully consists of Artemisia tridentata (big sage), Purshia tridentata (antelope bitterbrush) and Chrysothamnus viscidiflorus (green rabbitbrush). The herbaceous layer can be fairly sparse (12% vegetative cover on average), with R. columbiae often growing on bare soil. When present, associated species include Agoseris glauca, Bromus tectorum, Deschampsia danthonioides, Elymus elymoides, Carex sp., Camissonia tanacetifolia, Epilobium brachycarpum, Elymus trachycaulus, Epilobium ciliatum, Microsteris gracilis, Taraxacum officinale and diverse aquatic forb species in the footslopes and creek bed.

Threats to Habitat:  The most significant threat to this population is cattle activity on the heavily eroded streambanks where R. columbiae grows. The site has a history of protection efforts, with an erosion control project discussed in the early 1990s, and the installation of a livestock exclusion fence in 1996. However, the fencing was removed at some point during the following decade. The next site report for Dam’s Meadow didn’t occur until 2008, but cattle activity was noted and exclusion recommended. Cattle are currently breaking down the bank, and sloughing soil into the creek. The impact of these activities on R. columbiae is unknown, but the population has declined dramatically (85.6%) in the last two decades. Notably, the population continued to decline during years when livestock were excluded. Non-native weeds are also a concern for this site. Increased graminoid cover on the cutbanks was observed between 2014 and 2015. Noxious Carduus nutans (musk thistle) is present, though does not appear to be directly affecting the R. columbiae population. There was also some evidence of insect herbivory at the site in 2014, though none was noted in 2015 or 2016 (Appendix D.5, photographs of threats). 

All uncited habitat information presented for this site was sourced from Kentnesse (2017), Habegger (1997), Kaye (1996), USFS site reports by S. Malaby (2014, 2015), maps, and historic site reports. Rorippa columbiae population GPS data are available electronically from the ODA Native Plant Conservation Program.





Sprague River Area

5. Sprague River – Klamath Lake Land Trust (KLLT)
The Sprague River Klamath Lake Land Trust (KLLT) site is recently discovered R. columbiae habitat along Drews Road in the northern Sprague River floodplain. The site is located on former pastureland, with two subpopulations in north-south agricultural ditches on the property. The land is owned and managed by the Klamath Lake Land Trust as of February 2012. The Land Trust has been implementing a restoration plan to remove levees, fill ditches, reduce invasive species occurrence, and plant native vegetation. Habitat information provided below is sourced from KLLT Ditch 2, unless otherwise noted. The site is situated within the Eastern Cascade Slopes and Foothills’ Klamath / Goose Lakes ecoregion (OSU 2016).

[image: T:\Research\Cord1050\Share\Species Folders\ROCO\ROCO Pictures\Thesis Field Pics\2016 ROCO Field Pics Organized by Site\KLLT\KLLT Photopoints\Misc Photos for CS\Main Habitat Photo.JPG]Climate:  In the rainshadow of the Cascades Mountain Range, the Sprague River area has greater temperature extremes and less precipitation than ecoregions to the west. Regions further east have even greater temperature extremes and less precipitation than the Sprague River. The area experiences approximately 15 inches of precipitation per year, and averages January temperatures of -2.5C (27.5F), and July temperatures of 17C (63F) (PRISM 2016; OSU 2016).

Landscape:  The site habitat is a pasture ditch with variable slope, but the gradient is commonly approximately 30%. In the adjacent KLLT Ditch 1, slopes are significantly less (3 - 10%).  The plants are distributed on the backslopes of the ditch, occurring halfway up the bank between the wet Juncus and Carex zone below, and the Artemisia cana shrubland above. Elevation is 4,305 feet.

Soil & Substrate:  Parent material is alluvium. Soil texture is a sandy clay loam with an average of 49.3% sand, 24.4% silt and 26.3% clay. Nutrient composition data was collected on experimental transects (Kentnesse 2017), and results are shown in Table 10 below. The Sprague River KLLT site has notably higher zinc concentrations than other southern Oregon sites.


[bookmark: _Toc499067898]Table 10.  Sprague River KLLT soil chemistry sampling results, at 0 – 15 cm and 16 – 30 cm depths.
	

	pH
	EC (mS/cm)
	OM
(%)
	C
(%)
	N
(%)
	P
(ppm)
	K
(meq)
	Ca
(meq)
	Mg
(meq)
	Mn
(ppm)
	Cu
(ppm)
	Zn
(ppm)
	Fe
(ppm)

	0-15 cm
	6.9
	143.2
	4.4
	2.18
	0.23
	49.1
	0.8
	15.3
	9.6
	155.6
	3.7
	4.8
	221.9

	16-30 cm
	7.1
	125.9
	3.0
	1.49
	0.18
	24.3
	0.4
	14.5
	9.6
	109.2
	3.7
	1.6
	148.5



Hydrology:  The Sprague River is a 121-km (75-mile) perennial river that drains more than a million acres of volcanic plateau in the Upper Klamath Basin (USDA NRCS 2016). This site occurs on land that was recently leased pastureland for grazing, with a system of pumps, levees and canals for irrigation. Grazing was eliminated in 2011, and irrigation curtailed in 2012 and 2013 after the land was purchased by the Land Trust in February of 2012. In 2015, the KLLT removed 1.5 miles of levees to reconnect the Sprague River to its historic floodplain. Under this new regime, ponding and flooding processes are now dominant at the site, particularly in the old irrigation canals where R. columbiae grows. Ditch 2 currently retains water year-round on the north end, while the majority of the ditch was dry by late June in 2016. Ditch 1 is shallower and drier than Ditch 2, however its north end is also wet, and retains surface water until mid-summer. The Land Trust has retired its water rights (1955 and 1970) to restore in-stream flows for aquatic species conservation.

Biological Community:  As former ranchland bordered by the river, a road, and adjacent properties, this site has no vegetative overstory. Flat pastureland between the two R. columbiae ditches has been dominated by non-native graminoids, particularly Alopecurus pratensis (meadow foxtail), which may have been deliberately planted as a pasture grass. In 2015 and 2016, the Land Trust began enacting a restoration strategy of serial prescribed burns and re-seeding with native vegetation. In KLLT Ditch 2, the upland shrub layer is dominated by Artemisia cana (silver sage), and the herbaceous layer by a mix of introduced and native forb and graminoid species. Associated species include Alopecurus pratensis, Elymus repens, Hordeum jubatum, Phalaris arundinacea, Carex vesicaria, Juncus sp., Arnica chamissonis var. incana, Camissonia tanacetifolia, Cirsium arvense, Epilobium pygmaeum, Gnaphalium palustre, Helenium autumnale, Lactuca serriola, Lotus unifoliolatus, Navarretia sp., Penstemon sp., Plagiobothrys scouleri, Plagiobothrys mollis, Prunella vulgaris, Psilocarpus brevissimus, Rorippa curvisiliqua, Rorippa palustris ssp. fernaldiana, Rumex crispus, Symphyotrichum spathulatum, Taraxacum officinale, Tripleurospermum perforatum and Veronica peregrina ssp. xalapensis. 

Threats to Habitat:  Invasive weeds are the predominant threat at this site. Cirsium arvense (Canada thistle) occurs next to clumps of R. columbiae, in slightly drier habitat. Weedy grasses surround Columbia yellowcress, and Phalaris arundinacea (reed canarygrass) is starting to establish in the wetter zones of KLLT Ditch 2 where it can successfully compete with native rushes and sedges. The density and height of vegetation is also a concern for the R. columbiae population. Kentnesse (2017) investigated vegetative cover along experimental transects, and discovered a total vegetative cover of approximately 80% on average, and up to 35% cover of introduced, aggressive graminoids within R. columbiae quadrats. In addition, quadrats contained up to 75% cover by plant material that was greater than 1 foot tall, creating significant shade for R. columbiae in some places (Appendix D.5, photographs of threats).

All uncited habitat information presented for this site was sourced from Kentnesse (2017), USFS site reports by S. Malaby (2014, 2015), maps, and KLLT internal site reports. Rorippa columbiae population GPS data are available electronically from the ODA Native Plant Conservation Program.




Sprague River Area

6. Sprague River – Main
The main Sprague River site is located along both east and west river banks and a large island off of Forest Road 5850. The land is owned and managed by the USFS Fremont-Winema National Forest, Chiloquin Ranger District. The site is situated within the Eastern Cascade Slopes and Foothills pumice plateau ecoregion (OSU 2016). Forty R. columbiae subpopulations occur at the Sprague River Main. It is the largest southern Oregon site in terms of total stem count, number of subpopulations, and area.
[image: T:\Research\Cord1050\Share\Species Folders\ROCO\ROCO Pictures\Thesis Field Pics\2016 ROCO Field Pics Organized by Site\Sprague River - Main\Sprague River Photopoints\Misc Photos for CS\Main Habitat Photo.JPG]
Climate:  In the rainshadow of the Cascades Mountain Range, the Sprague River area has greater temperature extremes and less precipitation than ecoregions to the west. Regions further east have even greater temperature extremes and less precipitation than the Sprague River. The area experiences approximately 15 inches of precipitation per year, and averages January temperatures of  -2.5C (27.5F), and July temperatures of 17C (63F) (PRISM 2016; OSU 2016).

Landscape:  This R. columbiae site is a fairly large, broad, flat floodplain of the Sprague River. It contains numerous, discontinuous, gentle wet meadow swales and depressions of varying sizes and depths. R. columbiae plants are patchily distributed on river banks and in floodplain swales. Given the high number of subpopulations and varied topography, slope gradient is variable, ranging from 2 – 20%. However, the average slope where R. columbiae occurs at this site is typically ~8%. The plants are distributed throughout the hillslope, ranging from the toeslope up to the shoulder on occasion. Photographs of flagged plants showing hillslope distribution variability are available for all forty subpopulations from ODA. Elevation is approximately 4,280 feet.

Soil & Substrate:  Parent material is alluvium. Soil texture is a clay loam with an average of 35.5% sand, 33.3% silt and 31.2% clay. Soils in the area are known to be deep and highly permeable, with basalt cobbles. Nutrient composition data was collected on experimental transects (Kentnesse 2017), and results are shown in Table 11 below. The Sprague River Main site is notably more acidic, and has a higher % organic matter, carbon and nitrogen than most other southern Oregon sites.

[bookmark: _Toc499067899]Table 11.  Sprague River Main soil chemistry sampling results, at 0 – 15 cm and 16 – 30 cm depths.
	

	pH
	EC
(mS/cm)
	OM
(%)
	C
(%)
	N
(%)
	P
(ppm)
	K
(meq)
	Ca
(meq)
	Mg
(meq)
	Mn
(ppm)
	Cu
(ppm)
	Zn
(ppm)
	Fe
(ppm)

	0-15 cm
	6.0
	132.4
	7.1
	3.55
	0.37
	43.2
	0.9
	12.1
	7.6
	87.1
	5.4
	3.3
	235.8

	16-30 cm
	6.8
	67.8
	3.0
	1.48
	0.15
	28.2
	0.4
	11.1
	7.2
	66.4
	4.3
	1.6
	173.1


Hydrology:  The Sprague River is a 121-km (75-mile) perennial river that drains more than a million acres of volcanic plateau in the Upper Klamath Basin (USDA NRCS 2016). Fluvial processes are dominant at Sprague River Main, with heavy scouring by recent 100-year flood events that have exposed basalt and bedrock. While climate-driven changes can cause water table fluctuations of up to 5 feet on a decadal scale, irrigated agriculture is the predominant land use in the Sprague River Valley and water appropriations can dramatically alter water availability and disturbance regimes (USDA NRCS 2015). Despite these anthropogenic potential threats, the Sprague River Main R. columbiae population has been increasing in recent years, and the site likely experiences a disturbance regime closest to historic conditions in southern Oregon.

Biological Community:  Ponderosa pine forests are the dominant forest type in the area. While pine may be beginning to encroach on some parts of the floodplain, no conifers currently grow in the immediate vicinity of Rorippa columbiae. In Sprague River Main, Salix sp. (willows) generate the largest canopy on swale habitat perimeters. Willows grow to tree-like heights and stature, and tend to grow in large stands at this site. Within swales and on river banks, the upland shrub layer primarily consists of Artemisia cana (silver sage). Typically, R. columbiae grows in the large herbaceous layer where high light exposure occurs, but the species can and does grow in the filtered shade of Artemisia cana and Salix sp. as well. Associated species include Agrostis exarata, Alopecurus pratensis, Elymus repens, Hordeum brachyantherum, Phalaris arundinacea, Carex sp., Carex athrostachya, Equisetum sp., Argentina anserina, Camissonia tanacetifolia, Collomia sp., Epilobium brachycarpum, Gnaphalium palustre, Lactuca serriola, Lotus unifoliolatus, Mentha arvensis, Microsteris gracilis, Penstemon sp., Plagiobothrys scouleri, Potentilla biennis, Symphyotrichum spathulatum, Thlaspi arvense, and Veronica peregrina. Non-native grasses dominate this site, with Phalaris arundinacea (reed canarygrass) likely being the most aggressive and problematic for Rorippa columbiae. A few noxious weeds are also present, but don’t appear to be threatening R. columbiae habitat. Cirsium arvense (Canada thistle) and Carduus nutans (musk thistle) are scattered throughout Sprague River Main, and Onopordum acanthium (scotch thistle) and Tripleurospermum inodorum (scentless false mayweed) occur in small patches on the island.

Threats to Habitat:  The primary threat at Sprague River Main is non-native weedy grasses causing habitat degradation. The dominant invasive species at the site is Phalaris arundinacea (reed canarygrass), known for its extensive, rhizomatous root system that can form a thick sod layer and exclude all other plant species. The species also possesses early season growth capability, a wide range of physiological tolerance, and morphological plasticity, which augment its aggressiveness (USDA NRCS 2002). Phalaris arundinacea tends to dominate the wettest areas in deeper channels and depressions and along river banks. It is likely that the species is aggressively invading R. columbiae habitat and it has been observed to be spreading over recent years at the site, but it is not entirely known how well Phalaris arundinacea can tolerate the slightly drier R. columbiae habitat. Another threat is the possible presence of a psyllid insect that may be a vector for a viral infection. Purple discoloration and stunted R. columbiae growth symptoms have been observed in one subpopulation. Other threats at the site include potential vegetative encroachment of Pinus ponderosa into wet meadow habitat on the floodplain, and moderate OHV and recreational uses (Appendix D.5, photographs of threats).

All uncited habitat information presented for this site was sourced from Kentnesse (2017), Kaye (1996), USFS site reports by S. Malaby (2014, 2015), maps, and historic site reports. Rorippa columbiae population GPS data are available electronically from the ODA Native Plant Conservation Program.

Sprague River Area

7. Sprague River – Seput Land Exchange
The Sprague River Seput Land Exchange is located along the west bank of the Sprague River on a narrow strip of USFS land near Forest Road 320. The land is owned and managed by the USFS Fremont-Winema National Forest, Chiloquin Ranger District. The site is situated within the Eastern Cascade Slopes and Foothills pumice plateau ecoregion (OSU 2016). This population does not currently contain multiple patches or subpopulations, though the site has hosted two to three subpopulations in recent years. 

[image: ]Climate:  In the rainshadow of the Cascades Mountain Range, the Sprague River area has greater temperature extremes and less precipitation than ecoregions to the west. Regions further east have even greater temperature extremes and less precipitation than the Sprague River. The area experiences approximately 15 inches of precipitation per year, and averages January temperatures of  -2.5C (27.5F), and July temperatures of 17C (63F) (PRISM 2016; OSU 2016).

Landscape:  The site habitat consists of a moderately-sloped (20%) stream bank. R. columbiae plants are distributed on the backslopes of the river bank, positioned 3-4 feet above summer water levels (measured vertically). The elevation is 4,292 feet.

Soil & Substrate:  Parent material is alluvium. Soil texture is a sandy loam with an average of 60.8% sand, 20.6% silt and 18.6% clay. Soils in the area are known to be deep and highly permeable. Nutrient composition data was collected on experimental transects (Kentnesse 2017), and results are shown in Table 12 below. The Sprague River Seput Land Exchange is notably more acidic, has a lower salt content, and lower nutrient abundance (organic matter, C, N, P, K, Ca, Mg, Cu, Zn) than most other southern Oregon sites.


[bookmark: _Toc499067900]Table 12.  Sprague River Seput soil chemistry sampling results, at 0 – 15 cm and 16 – 30 cm depths.
	

	pH
	EC
(mS/cm)
	OM
(%)
	C
(%)
	N
(%)
	P
(ppm)
	K
(meq)
	Ca
(meq)
	Mg
(meq)
	Mn
(ppm)
	Cu
(ppm)
	Zn
(ppm)
	Fe
(ppm)

	0-15 cm
	5.8
	65.21
	3.7
	1.87
	0.20
	22.9
	0.2
	9.0
	4.8
	84.4
	1.9
	1.6
	245.8

	16-30 cm
	6.6
	40.10
	1.9
	0.93
	0.09
	15.5
	0.1
	8.1
	4.9
	90.3
	1.9
	1.2
	185.9




Hydrology:  The Sprague River is a 121-km (75-mile) perennial river that drains more than a million acres of volcanic plateau in the Upper Klamath Basin (USDA NRCS 2016). Fluvial processes are dominant at the Sprague River Seput Land Exchange, causing scouring, erosion and sedimentation as well as significant water-table and river level fluctuations. Climate-driven changes can cause water table fluctuations of up to 5 feet on a decadal scale. However, canal operation and irrigated agriculture throughout the region also influence water levels along river banks. Local pumping stations have been associated with annual drawdown and recovery cycles of 1 to 10 feet in pumping areas (USGS 2016), and a pumping station exists immediately adjacent to the Seput Land Exchange site.  

Biological Community:  Ponderosa pine forests are common on upland slopes in this area. However, the immediate Rorippa columbiae habitat has no tree canopy cover and full sun exposure. The shrub layer consists of sparsely distributed Artemisia cana (silver sage), and a few small shrub-like Salix sp. (willows), evidence of willow planting efforts in the mid-1990s to help stabilize the streambank. The site is primarily herbaceous and is dominated by non-native grasses. Associated species include Agrostis stolonifera, Alopecurus pratensis, Bromus tectorum, Elymus repens, Phalaris arundinacea, Poa sp., Poa pratensis, Juncus sp., Argentina anserina, Epilobium brachycarpum, Epilobium ciliatum, Gnaphalium palustre, Mentha arvensis, Navarretia leucocephala, Potentilla biennis, Rorippa curvisiliqua, Sidalcea oregana and Trifolium sp. Noxious weeds are also present, but are likely not impacting the R. columbiae population. Cirsium arvense (Canada thistle) is scattered along the bank, and Linaria dalmatica (Dalmatian toadflax) occurs at the southern end of the habitat. R. columbiae tends to occur halfway up the bank between the wet Phalaris arundinacea zone below, and the Artemisia cana shrubland above. Wildlife interactions may also play a significant role at this site. Gopher tunnels were evident in 2014, 2015 and 2016 and may help create needed disturbance for R. columbiae habitat maintenance and species success. R. columbiae has been found growing directly on bare soil created by the gopher mounds. 

Threats to Habitat:  The primary threat at Sprague River Seput Land Exchange is the presence of aggressive, non-native weeds. The dominant invasive species at the site is Phalaris arundicinea (reed canarygrass), known for its extensive, rhizomatous root system that can form a thick sod layer and exclude all other plant species. The species also possesses early season growth capability, a wide range of physiological tolerance, and morphological plasticity, which augment its aggressiveness (USDA NRCS 2002). Field botanists reported that collectively, non-native grass growth was notably more extensive in 2015 compared to 2014. In addition, a second subpopulation that was present in 2014 and 2015 was not locatable in 2016, presumably extirpated by grass growth. In the mid-1990s, grazing was also a threat concern for this R. columbiae population and its habitat. However, a fence was since constructed and it effectively keeps livestock out of the riparian habitat.

All uncited habitat information presented for this site was sourced from Kentnesse (2017), Kaye (1996), USFS site reports by S. Malaby (2014, 2015), maps, and historic site reports. Rorippa columbiae population GPS data are available electronically from the ODA Native Plant Conservation Program.



Sprague River Area

8. Williamson River Delta
The Williamson River Delta site is located at the mouth of the Williamson River where it joins Upper Klamath Lake, 23.7 km (14.7 mi) from the confluence of the Sprague and Williamson Rivers. The land is owned and managed by the Nature Conservancy, which has been actively restoring the wetland. The site is situated within the Eastern Cascade Slopes and Foothills’ Klamath / Goose Lakes ecoregion (OSU 2016). This population does not currently contain multiple patches or subpopulations.

[image: ]Climate:  In the rainshadow of the Cascades Mountain Range, the Upper Klamath Lake area has greater temperature extremes and less precipitation than ecoregions to the west. Regions further east have even greater temperature extremes and less precipitation than Upper Klamath Lake. The area experiences approximately 15 inches of precipitation per year, and averages January temperatures of  -2.5C (27.5F), and July temperatures of 17C (63F) (PRISM 2016; OSU 2016).

Landscape:  This R. columbiae site consists of deltaic wetland, a maze of land patches among watery channels.  Slopes are gentle, approximately 7%. R. columbiae plants are patchily distributed on exposed backslopes. Elevation is approximately 4,140 feet.

Soil & Substrate:  Parent material is alluvium. Soil texture is a sandy clay loam.

Hydrology:  This site has recently been hydrologically restored by the Nature Conservancy. Formerly, the area was drained for farming and ranching. Twenty-two miles of levees were constructed in the 1950s and the Williamson River was channelized and dredged, eliminating connection to the historic floodplain. In 2007 – 2008, the Nature Conservancy removed the levees to flood the delta and restore the river-delta wetland ecosystem. The dramatic change to the hydrologic regime has permitted flooding to become the dominant hydrological process for the 5,500-acre region. The R. columbiae site was visited in late August of 2016, and the water line was approximately 8 – 10 feet from the Columbia yellowcress patch.

Biological Community:  Large thickets of Salix sp. (willow) are the dominant cover and canopy on the Williamson River Delta. The herbaceous plant community has not been inventoried for this site and no list of associated species is available. R. columbiae grows on fairly open, bare soil between the wet, relatively non-vegetated zone below, and the Salix zone above.

Threats to Habitat:  A disease that causes purple discoloration and stunted growth is present in this R. columbiae population. Oregon State University pathologists have suggested that similar symptoms at another R. columbiae site may be result of a psyllid insect vector responsible for a viral (or fungal) disease. Non-native weeds are also present, though they don’t appear to be growing in immediate vicinity of R. columbiae and posing a significant current threat. Rumex crispus (curly dock), Circium arvense (Canada thistle), Tripleurospermum maritimum (false mayweed), Elymus repens (quackgrass), and Chenopodium album (lambsquarters) have been observed.

All uncited habitat information presented for this site was sourced from Kentnesse (2017), maps, and Nature Conservancy internal reports. Rorippa columbiae population GPS data are available electronically from the ODA Native Plant Conservation Program.








Lost River Area

9. Stukel Mountain 1
Stukel Mountain 1 is located on the northwest side of Stukel Mountain, southeast of Klamath Falls. The land is owned and managed by the BLM Lakeview District, Klamath Falls Resource Area. The site is situated within the Eastern Cascade Slopes and Foothills’ Klamath Juniper Woodland ecoregion (OSU 2016). This population does not currently contain multiple patches or subpopulations.

[image: ]Climate:  In the rainshadow of the Cascades Mountain Range, the Stukel Mountain area has dry summers with high temperatures, and wet winters with moderately low temperatures. The area experiences approximately 14 inches of precipitation per year, though Stukel Mountain’s elevation suggests this site achieves at least 22 inches per year. Average January temperatures are -2.5C (27.5F), and July temperatures are 17C (63F) (PRISM 2016; OSU 2016).

Landscape:  Stukel Mountain is a fault block upland that rises above the lake plain and surrounding agricultural lands. The site habitat is a small, seasonal reservoir atop Stukel Mountain, surrounded by gently rolling hills. The plants grow on the sloped northwestern edge of the manmade reservoir on the backslope of the berm. Slope is approximately 20%. Elevation is 4,978 feet.

Soil & Substrate:  Soil texture is a stony clay loam.

Hydrology:  Stukel Mountain lies within the Lost River Subbasin of the Klamath Basin. As a high elevation point in the local region, Stukel Mountain serves as a recharge area, helping snowmelt and precipitation infiltrate into the groundwater flow system. The site collects runoff from surrounding hillsides. Water typically remains in the depression until early July. In 2016, water had receded from the soil where R. columbiae grows in mid-April. At the site-scale, water was observed at a late June site visit, and the site was confirmed dry at the next visit in late July. In 2015, a site visit occurred in early July, and while there was no visible surface water, the soil was extremely damp.

Biological Community:  The Stukel Mountain 1 site occurs in an open Pinus ponderosa (ponderosa pine) and Juniperus occidentalis (western juniper) woodland. No tree canopy occurs near the site, and Artemisia tridentata (big sage) is very sparse close to the reservoir. The berm banks are nearly 100% herbaceous, and associated species include Deschampsia danthonioides, Eleocharis palustris, Downingia sp., Navarretia sp., Plagiobothrys mollis, Plagiobothrys sp., Polygonum sp., Psilocarphus brevissimus, and Rorippa curvisiliqua.
Threats to Habitat:  The primary threat for this site is recreational use. Numerous OHV trails cross through the site causing substantial ground disturbance, though they don’t directly run through the backside of the berm where R. columbiae grows. There is evidence of target practice from an established bullseye target, to tin can targets set up within 2 meters of R. columbiae plants, to shells littered throughout the site. The site also appears to be a dumping ground for trash, including large items such as a truck cab and couch cushions. Weeds are also a concern at the Stukel Mountain 1 site. A large cluster of Rumex crispus (curly dock) is growing directly in R. columbiae habitat, and Ventenata dubia (North Africa grass) occurs in the drier portions of the site. Cattle activity also poses a threat to this R. columbiae population. The reservoir likely continues to draw cattle until mid-summer when seasonal waters dry (Appendix D.5, photographs of threats).

All uncited habitat information presented for this site was sourced from Kentnesse (2017), Kaye (1996), USFS site reports by S. Malaby (2014, 2015), maps, and historic BLM site reports. Rorippa columbiae population GPS data are available electronically from the ODA Native Plant Conservation Program.




Lost River Area

10. Stukel Mountain 2
Stukel Mountain 2 is located on the northwest side of Stukel Mountain, southeast of Klamath Falls. The site currently consists of a shallow reservoir, but used to include an adjacent intermittent streambed that supported R. columbiae as well. R. columbiae plants have not been found in the vernal streambed since 2000. The land is privately owned. The site is situated within the Eastern Cascade Slopes and Foothills’ Klamath Juniper Woodland ecoregion (OSU 2016). This population does not currently contain multiple patches or subpopulations.

[image: ]Climate:  In the rainshadow of the Cascades Mountain Range, the Stukel Mountain area has dry summers with high temperatures, and wet winters with moderately low temperatures. The area experiences approximately 14 inches of precipitation per year, though Stukel Mountain’s elevation suggests this site achieves at least 22 inches per year. Average January temperatures are -2.5C (27.5F), and July temperatures are 17C (63F) (PRISM 2016; OSU 2016).

Landscape:  Stukel Mountain is a fault block upland that rises above the lake plain and surrounding agricultural lands. The site habitat is a shallow, seasonal reservoir atop Stukel Mountain. The plants are distributed in the toeslope of a very gently sloped bank (1.5%). Elevation is 5,085 feet.

Soil & Substrate:  Soil texture is a gravelly clay loam with an average of 31.4% sand, 33.3% silt and 35.4% clay. Soils in the area are known to be highly permeable. Nutrient composition data was collected on experimental transects (Kentnesse 2017), and results are shown in Table 13 below.
The Stukel Mountain 2 site has notably lower salt content and phosphorus, manganese and iron concentrations than most other southern Oregon sites.

[bookmark: _Toc499067901]Table 13.  Stukel Mountain 2 soil chemistry sampling results, at 0 – 15 cm and 16 – 30 cm depths.
	

	pH
	EC
(mS/cm)
	OM
(%)
	C
(%)
	N
(%)
	P
(ppm)
	K
(meq)
	Ca
(meq)
	Mg
(meq)
	Mn
(ppm)
	Cu
(ppm)
	Zn
(ppm)
	Fe
(ppm)

	0-15 cm
	6.5
	81.54
	4.9
	2.6
	0.2
	22.1
	0.7
	14.1
	7.5
	41.3
	3.6
	3.1
	109.9

	16-30 cm
	Not sampled due to inaccessibility / sub-surface gravel and rocks.







Hydrology:  Stukel Mountain lies within the Lost River Subbasin of the Klamath Basin. As a high elevation point in the local region, Stukel Mountain serves as a recharge area, helping snowmelt and precipitation infiltrate into the groundwater flow system. The reservoir site is situated in the middle of a small stream that both feeds the depression, and serves as an outlet for it. Fed by snowmelt, the stream typically flows in the spring. However, in low snowpack years, the stream may flow for a short period of time or not at all. In April 2016, the stream was trickling water above the reservoir, but surface water was not apparent below the reservoir. It is below the reservoir that former R. columbiae habitat historically existed on the rocky streambed, supporting a population seventeen times the size of the current Columbia yellowcress reservoir population. Surface water typically disappears by the end of April at the Stukel Mountain 2 site. In 2016, the last water was seen in mid-April, and the reservoir was confirmed dry in mid-May.

Biological Community:  This site occurs in a mixed conifer forest of Pinus ponderosa (ponderosa pine) and Juniperus occidentalis (western juniper). The forest abuts the reservoir perimeter. While the conifers don’t create an overstory canopy directly over the depression, the height of the trees does shade the reservoir at different times in the day. An Artemisia tridentata (big sage) shrub layer also occurs on the perimeter of the reservoir. Rorippa columbiae grows in a very open herbaceous layer among mostly native, low-growing forbs. Associated species include Eleocharis sp., Spergula arvensis, Epilobium pygmaeum, Gnaphalium palustre, Navarretia leucocephala, Plagiobothrys mollis, Plagiobothrys sp., Polygonum aviculare, Polygonum polygaloides, Psilocarphus brevissimus, and Veronica peregrina ssp. xalapensis. The herbaceous layer is relatively sparse, with approximately 10% cover, 30% litter and 60% bare ground within experimental R. columbiae quadrats.

Threats to Habitat:  Recreational use is a significant threat to R. columbiae at this site. Fresh OHV tracks were seen at multiple site visits throughout 2016, and were noted in 2014 and 2015 site reports as well. Non-native weeds are another concern for this site’s habitat health. Cirsium arvense (Canada thistle) occurs on the northwest edge of the reservoir, and may be encroaching on R. columbiae habitat. Spergula arvensis (corn spurry) and Ventenata dubia (North Africa grass) are also present and should be monitored. Cattle activity is apparent, and trampling is a threat to the small R. columbiae population (Appendix D.5, photographs of threats).

All uncited habitat information presented for this site was sourced from Kentnesse (2017), Kaye (1996), USFS site reports by S. Malaby (2014, 2015), maps, and historic BLM site reports. Rorippa columbiae population GPS data are available electronically from the ODA Native Plant Conservation Program.




Lost River Area

11. Malone Reservoir
The Malone Reservoir is located at the southern end of the Langell Valley on the California border. The land is owned and managed by the US Bureau of Reclamation, and situated within the Eastern Cascade Slopes and Foothills’ Klamath Juniper Woodland ecoregion (OSU 2016). Malone Reservoir is recently discovered Rorippa columbiae habitat, with the first recorded observation occurring in 2014. This population does not currently contain multiple patches or subpopulations.

[image: ]Climate:  In the rainshadow of the Cascades Mountain Range, the Langell Valley has dry summers with high temperatures, and wet winters with moderately low temperatures. The area experiences approximately 14 inches of precipitation per year, and averages January temperatures of  -2.5C (27.5F), and July temperatures of 17C (63F) (PRISM 2016; OSU 2016).

Landscape:  This site is a shallow, artificial lake. Its banks are gently sloped, with a 5% slope gradient. Rorippa columbiae plants grow on the lakebed toeslope, more than 8 meters downslope from the seasonal high water mark. Elevation is 4,245 feet.

Soil & Substrate:  Parent material is alluvium. Soil texture is a sandy clay loam.

Hydrology:  The Malone Reservoir occurs in the Klamath Basin’s Lost River subbasin, which drains nearly 2 million acres of land from southern Oregon and northern California. The site was created from Lost River waters by the construction of the Malone Diversion Dam, approximately 11 miles downstream of California’s Clear Lake Dam where Rorippa columbiae also occurs. The hydrology of the site and seasonal water fluctuation regimes are artificially and variably manipulated by dam management. In late August of 2014, waters were low, R. columbiae habitat was exposed, and the plants were flowering. In late August of 2016, waters were still at the high water mark and R. columbiae habitat was inundated.

Biological Community:  The Malone Reservoir occurs in an open Juniperus occidentalis (western juniper) woodland. Tree canopy occurs on the perimeter of the reservoir, but does not extend into R. columbiae habitat. Similarly, the shoreline is dotted with Salix sp. that do not extend out onto the parts of the lakebed that experience seasonal inundation. Rorippa columbiae grows among sparse, low-growing forbs. However, the herbaceous plant community has not been inventoried for this site and no list of associated species is available. 

Threats to Habitat:  Water management is the predominant threat at this site. The US Bureau of Reclamation artificially manipulates water levels to meet irrigation and other water supply needs in the Langell Valley. Reservoirs can provide too much inundation too late in the growing season for R. columbiae to successfully persist and flower (Section III.E, Columbia River Gorge Habitat; Section IV Water Management Threats). This pattern of late-season inundation occurred at the Malone Dam in 2016, with water levels inundating R. columbiae habitat as late as August 23. Non-native weeds are also a concern at this site. Rumex crispus (curly dock) and weedy graminoids occur on the reservoir banks, though their populations may be spatially restricted due to inundation patterns. 

All uncited habitat information presented for this site was sourced from Kentnesse (2017), maps, and personal communications with Steve Sheehy. Rorippa columbiae population GPS data are available electronically from the ODA Native Plant Conservation Program.





Lakeview Area

12. Featherbed Lake
Featherbed Lake is located in the high desert playa region east of Lake Albert, and above the Warner Valley. The land is owned and managed by the BLM Lakeview District, Lakeview Resource Area. The site is situated within the Northern Basin and Range’s High Lava Plains ecoregion (OSU 2016). Featherbed Lake supports 3 Rorippa columbiae subpopulations along the east and north lakeshores. 

[image: T:\Research\Cord1050\Share\Species Folders\ROCO\ROCO Pictures\Thesis Field Pics\2016 ROCO Field Pics Organized by Site\Featherbed Lake\Featherbed Lake Photopoints\Misc Photos for CS\Main Habitat Photo.jpg]Climate:  In the rainshadow of the Cascades Mountain Range, this area is part of Oregon’s driest ecoregion. The area experiences approximately 10 inches of precipitation per year. Precipitation can also vary considerably. It is not unusual for multi-year droughts or deluges to occur. Temperature ranges can be fairly extreme daily and seasonally. Freezing temperatures can occur any time of year, and summer highs often exceed 100F for weeks. Average January temperatures are 0C (32F), and July temperatures 
21C (70.5F) (OWRD 1989).
 
Landscape:  Featherbed Lake occurs in a flat to undulating lava plain, surrounded by scattered volcanic cones and buttes (USGS 2016). The site habitat is a flat, shallow basin. Rorippa columbiae grows in the playa toeslope on a mild 6% slope gradient. Typically, the lower parts of the lakebed are inundated year-round, but in years when those parts of the toeslope are exposed, R. columbiae can be found growing there. Elevation is 5,314 feet.

Soil & Substrate:  Soil texture is clay, with an average of 28.4% sand, 5.1% silt and 66.5% clay. When the lakebed dries, soil cracks up to 1 foot depth can occur. Nutrient composition data was collected on experimental transects (Kentnesse 2017), and results are shown in Table 14 below. Featherbed Lake (along with Foley Lake) is notably more alkaline, has a higher salt content, and lower % organic matter, carbon and nitrogen than other southern Oregon sites.

[bookmark: _Toc499067902]Table 14.  Featherbed Lake soil chemistry sampling results, at 0 – 15 cm and 16 – 30 cm depths.
	

	pH
	EC
(mS/cm)
	OM
(%)
	C
(%)
	N
(%)
	P
(ppm)
	K
(meq)
	Ca
(meq)
	Mg
(meq)
	Mn
(ppm)
	Cu
(ppm)
	Zn
(ppm)
	Fe
(ppm)

	0-15 cm
	7.5
	257.7
	1.1
	0.57
	0.06
	100.7
	3.4
	20.2
	17.7
	146.0
	5.8
	0.5
	220.2

	16-30 cm
	7.4
	215.0
	0.9
	0.44
	0.05
	103.8
	3.2
	22.4
	18.7
	132.4
	5.4
	0.5
	192.6



Hydrology:  Featherbed Lake is located in the Warner Lakes subbasin of the Goose and Summer Lakes Basin. The subbasin is closed, draining internally. The lake is situated in high elevation lands just east of the Albert Rim, where the terrain and hydrological flow slopes downwards in a southeasterly direction towards the Warner wetlands and lakes. Featherbed Lake has no surface water inflows, rather, it collects rainwater and snowmelt and feeds an ephemeral stream when there are sufficient water volumes. The site historically and typically contains water year-round. However, agency personnel have observed the basin completely dry in 1978, 1990, 1991 and 2016, and the site was not visited annually between 1991 and 2016. In 2016, the last water was seen in mid-June, and the lake was confirmed dry by early- to mid-July, one month later than Foley Lake.

Biological Community:  The semi-arid climate of Featherbed Lake does not support tree growth. The site’s rocky, upland slopes support a dry Artemesia arbuscula (low sagebrush) shrubland community. Rorippa columbiae grows on the bare, open, high light lakebed among sparse, low-growing forbs. Associated species include Elymus elymoides, Juncus sp., Arnica chamissonis var. incana, Camissonia tanacetifolia, Iva axillaris and Chenopodium dessicatum. Notably, Featherbed Lake supports the lowest plant cover habitat for Rorippa columbiae, with 3% vegetative cover and 97% bare ground.

Threats to Habitat:  The predominant threat for this site is heavy ungulate use. An exclosure was constructed in 1990 on the east side of the lake, but it is currently in disrepair and permitting cattle and antelope access. OHV recreational use on the lakebed is also evident at the site, causing ground disturbance in close proximity to R. columbiae plants. Vegetative competition may be a cyclical threat to the species at Featherbed Lake. In the mid-1990s, the Arnica chamissonis var. incana population expanded, covering the majority of lakebed substrate and excluding R. columbiae. BLM botanists noted that A. chamissonis appears to have a natural cycle of population peaks associated with wet, high precipitation years. In 2015 and 2016, relatively dry years, A. chamissonis was still the dominant forb in the lakebed community, but didn’t appear to be encroaching on R. columbiae habitat. In the upland community, many non-native weeds such as Bromus tectorum (cheatgrass) occur, but these invasive species do not grow on lakebed substrates or directly threaten R. columbiae. A few ecological threats also occur at Featherbed Lake. High levels of R. columbiae herbivory from rabbits were noted in 1990 and 1991, which coincided with recently expanded or cyclic rabbit populations. Rabbit herbivory does not appear to be a significant threat currently. During 2016 surveys, a few plants were found with orange insect eggs on the upper surfaces of leaves. Many plants showed wear from either high wind mechanical particle damage, or potential insect herbivory (Appendix D.5, photographs of threats). 

All uncited habitat information presented for this site was sourced from Kentnesse (2017), Housley (2002), Kaye (1996), Housley (1995), Gehring (1992), Kaye and Massey (1991), maps, and historic BLM site reports. Rorippa columbiae population GPS data are available electronically from the ODA Native Plant Conservation Program.





Lakeview Area

13. Foley Lake
Foley Lake is located in the high desert playa region east of Lake Albert, and above the Warner Valley. The land is owned and managed by the BLM Lakeview District, Lakeview Resource Area, and is within a Research Natural Area. The site is situated within the Northern Basin and Range’s High Lava Plains ecoregion (OSU 2016). This population does not currently contain multiple patches or subpopulations.

[image: ]Climate:  In the rainshadow of the Cascades Mountain Range, this area is part of Oregon’s driest ecoregion. The area experiences approximately 10 inches of precipitation per year. Precipitation can also vary considerably. It is not unusual for multi-year droughts or deluges to occur. Temperature ranges can be fairly extreme daily and seasonally. Freezing temperatures can occur any time of year, and summer highs often exceed 100F for weeks. Average January temperatures are 0C (32F), and July temperatures 
21C (70.5F) (OWRD 1989).

Landscape:  Foley Lake occurs in a flat to undulating lava plain, surrounded by scattered volcanic cones and buttes (USGS 2016). The site habitat is an 18.6-acre flat, shallow basin. Rorippa columbiae grows in the playa toeslope on a mild 4% slope gradient. Elevation is 5,062 feet.

Soil & Substrate:  Soil texture is clay, with an average of 19.8% sand, 25.4% silt and 54.7% clay. BLM site reports have suggested that the substrate appears to be a montmorillonite-type clay. When the lakebed dries, soil cracks up to 1 foot depth can occur. Nutrient composition data was collected on experimental transects (Kentnesse 2017), and results are shown in Table 15 below. Foley Lake (along with Featherbed Lake) is notably more alkaline, has a higher salt content, and lower % organic matter, carbon and nitrogen than other southern Oregon sites.

[bookmark: _Toc499067903]Table 15.  Foley Lake soil chemistry sampling results, at 0 – 15 cm and 16 – 30 cm depths.
	

	pH
	EC
(mS/cm)
	OM
(%)
	C
(%)
	N
(%)
	P
(ppm)
	K
(meq)
	Ca
(meq)
	Mg
(meq)
	Mn
(ppm)
	Cu
(ppm)
	Zn
(ppm)
	Fe
(ppm)

	0-15 cm
	7.8
	188.7
	1.2
	0.58
	0.07
	116.5
	3.5
	25.6
	16.7
	240.1
	5.5
	0.6
	104.7

	16-30 cm
	7.8
	244.5
	1.0
	0.52
	0.06
	112.4
	3.1
	23.8
	15.8
	244.7
	5.3
	0.6
	99.0



Hydrology:  Foley Lake is located in the Warner Lakes subbasin of the Goose and Summer Lakes Basin. The subbasin is closed, draining internally. The lake is situated in high elevation lands just east of the Albert Rim, where the terrain and hydrological flow slopes downwards in a southeasterly direction towards the Warner wetlands and lakes. Foley Lake is fed by precipitation and snowmelt as well as by ephemeral streams from Featherbed Lake and nearby Skookum Lake. It outflows into Foley Creek, which travels downslope towards the Warner Valley. In 2016, the last water was seen in mid-May, and the lake was confirmed dry by mid-June, one month earlier than Featherbed Lake.

Biological Community:  The semi-arid climate of Foley Lake does not support tree growth. The site’s rocky, upland slopes support a dry sagebrush shrubland community, composed of Artemesia arbuscula (low sagebrush), Artemisia cana (silver sage), Artemisia nova (black sagebrush) and Artemisia tridentata (big sage). Rorippa columbiae grows on the open, high light lakebed among sparse, low-growing forbs. Associated species include Elymus elymoides, Eleocharis palustris, Eleocharis quinqueflora, Carex tahoensis, Juncus sp., Camissonia tanacetifolia, Collomia linearis, Draba verna, Downingia elegans, Epilobium pygmaeum, Gnaphalium palustre, Iva axillaris, Lactuca serriola, Microsteris gracilis, Monolepis nuttalliana, Navarretia leucocephala ssp. minima, Phacelia thermalis, Plagiobothrys sp., Polygonum sp., and Psilocarphus brevissimus. Foley Lake supports a generally low plant cover habitat for R. columbiae, with 20% vegetative cover and 80% bare ground.

Threats to Habitat:  Ungulate activity, including trampling and grazing, is the primary threat at Foley Lake. An exclosure was constructed in 1990 on the northeast side of the lake, which has successfully kept cattle from accessing the bulk of the R. columbiae population. However, some plants occur outside the exclosure that are currently unprotected. Vegetative competition is a potential threat. In 1997, botanists questioned whether native Camissonia tanacetifolia was outcompeting R. columbiae for lakebed substrate space. In 2016, it was observed that Camissonia tanacetifolia was fairly dominant, but it was unclear if competition was affecting R. columbiae. In the upland community, many non-native weeds such as Bromus tectorum (cheatgrass) occur, but these invasive species have different habitat requirements from R. columbiae and are not currently invading the playa. A few ecological threats also occur at Featherbed Lake. During 2016 surveys, tar-like black spots were observed on older leaves of a few plants, suggesting a possible fungal infection. Many plants showed wear from either high wind mechanical particle damage, or potential insect herbivory. Insect frass was detected on a few leaves from scattered individuals. 

Historic threats that no longer appear relevant include a copper-yellow rust that was found on every plant in the population in 1995, many of which also experienced predation by a small, unidentified caterpillar. High levels of R. columbiae herbivory from rabbits were noted in 1990 and 1991, which coincided with recently expanded rabbit populations. Rabbit herbivory does not appear to be a significant current threat. Another former habitat threat was a 1983 BLM Lakeview District project proposal to improve waterfowl nesting and brood rearing habitat by contructing a dam at Foley Lake. The project would have inundated R. columbiae habitat through mid-September. The US Fish and Wildlife Service recommended no project development in recognition that inundation would occur at critical Columbia yellowcress reproduction times. It was decided to protect and conserve Rorippa columbiae at Foley Lake (Appendix D.5, photographs of threats).

All uncited habitat information presented was sourced from Kentnesse (2017), Kaye (1996), Housley (1995), Kaye and Massey (1991), maps, and historic BLM site reports.  Rorippa columbiae population GPS data are available electronically from the ODA Native Plant Conservation Program.

Lakeview Area

14. Paulina Marsh
Paulina Marsh is a roadside ditch habitat located on County Highway 5-13, just east of the town of Silver Lake. The land is privately owned, though Lake County is responsible for the management and maintenance of area roadside ditches. The site is situated within the Northern Basin and Range’s High Desert Wetlands ecoregion (OSU 2016). This population consists of 6 subpopulations.

[image: T:\Research\Cord1050\Share\Species Folders\ROCO\ROCO Pictures\Thesis Field Pics\2016 ROCO Field Pics Organized by Site\Paulina Marsh\Paulina Marsh Photopoints\Misc Photos for CS\Main Habitat Photo.JPG]Climate:  In the rainshadow of the Cascades Mountain Range, this area is part of Oregon’s driest ecoregion. The area experiences approximately 10 inches of precipitation per year. Precipitation can also vary considerably. It is not unusual for multi-year droughts or deluges to occur. Temperature ranges can be fairly extreme daily and seasonally. Freezing temperatures can occur any time of year, and summer highs often exceed 100F for weeks. Average January temperatures are 0C (32F), and July temperatures 21C (70.5F) (OWRD 1989).

Landscape:  The Paulina Marsh site occurs in a high desert wetland (OSU 2016), on both the east and west sides of County Highway 5-13. Rorippa columbiae grows on the roadside backslope, footslope and toeslope, with a 35% average slope gradient. Elevation is 4,325 feet.

Soil & Substrate:  Soil texture on the upper portion of the slope is loamy sand, with an average of 79.1% sand, 17.1% silt and 3.8% clay. In the toeslope, texture can be characterized as loam, with mean composition of 49.4% sand, 31.6% silt and 19.0% clay. Nutrient composition data was collected on experimental transects (Kentnesse 2017), and results are shown in Table 16 below. Paulina Marsh is notably more alkaline, has a higher salt content, and lower calcium, magnesium, copper and iron concentrations than most other southern Oregon sites.

[bookmark: _Toc499067904]Table 16.  Paulina Marsh soil chemistry sampling results, at 0 – 15 cm and 16 – 30 cm depths.
	

	pH
	EC
(mS/cm)
	OM
(%)
	C
(%)
	N
(%)
	P
(ppm)
	K
(meq)
	Ca
(meq)
	Mg
(meq)
	Mn
(ppm)
	Cu
(ppm)
	Zn
(ppm)
	Fe
(ppm)

	0-15 cm
	7.9
	234.9
	4.4
	2.2
	0.2
	27.0
	1.0
	10.1
	5.1
	75.9
	1.9
	3.2
	92.6

	16-30 cm
	8.0
	138.4
	3.1
	1.5
	0.1
	16.6
	0.6
	11.4
	6.0
	63.5
	2.4
	4.1
	90.5




Hydrology:  Paulina Marsh is located in the Summer Lake subbasin of the Goose and Summer Lakes Basin. The subbasin is closed, draining internally. The higher elevation mountains of the USFS Fremont-Winema National Forest source the water for Paulina Marsh, with perennial Silver Creek, Buck Creek and Bridge Creek flowing north and merging in the lower wetlands of Silver Lake Valley. The Summer Lake subbasin relies heavily on groundwater-sourced irrigation, and several deep irrigation wells occur on private land near the R. columbiae site (OWRD 1986). Both natural wetlands and flood irrigation are likely filling the R. columbiae ditches with seasonal water. In 2016, the last ditch water was seen in mid-June generally, though R. columbiae plants were observed growing on slightly higher bank habitat above the water line by mid-April. The lowest parts of some ditches appear to retain water year-round. Most R. columbiae sites were confirmed dry in the first days of August, 2016.

Biological Community:  Paulina Marsh’s largest canopy is derived from the shrub layer of Artemisia tridentata (big sage) and Ericameria nauseosa (rubber rabbitbrush). Rorippa columbiae grows on the ditch slopes among native and non-native graminoids and forbs. Associated vegetation includes Achnatherum hymenoides, Alopecurus pratensis, Beckmannia syzigachne, Bromus tectorum, Elymus elymoides, Hordeum jubatum, Leymus cinereus, Carex athrostachya, Camissonia tanacetifolia, Chaenactis douglasii, Cryptantha circumscissa, Descurainia pinnata, Erodium cicutarium, Euphorbia sp., Potentilla anserina, Potentilla newberryi, Ranunculus cymbalaria, Rumex acetosella, Rumex crispus and Salsola tragus. This site contains a notably high quantity of vegetative litter (73% average in August), and very little bare ground (1.5%).

Threats to Habitat:  The predominant threat at Paulina Marsh is non-native weeds. Within experimental quadrats containing R. columbiae, approximately 17% of vegetative cover was aggressive, non-native graminoids (Kentnesse 2017). Dominant invasive species are Alopecurus pratensis (meadow foxtail) and Bromus tectorum (cheatgrass). Secondarily, road maintenance activities, such as periodic grading, ditch cleanout, and vegetation management (e.g. mowing and herbicide applications) may be disturbing R. columbiae plants. Cattle activity is also a threat to this population. While cattle are typically confined to surrounding pasture and rangeland, and fenced from roadside ditch habitat, periodic cattle movement along the road cyclically causes significant damage to above-ground R. columbiae plant parts (Appendix D.5, photographs of threats).

All uncited habitat information presented for this site was sourced from Kentnesse (2017), Kaye (1996), maps, and historic site reports. Rorippa columbiae population GPS data are available electronically from the ODA Native Plant Conservation Program.





NORTHERN CALIFORNIA HABITAT

Five geographic areas comprise northern California Rorippa columbiae habitat.

Butte Valley Area
The Butte Valley Area is located southwest of Lower Klamath Lake in the Klamath River Basin’s Butte Valley subbasin. The valley is a large structural depression on the western edge of the Modoc plateau. Its plains consist of grasses and occasional western juniper, while the higher elevation fault scarps host mixed conifer forests. The area occupies a closed drainage basin, with a surface creek running from Mount Shasta through Bray into Butte Valley, and with groundwater flowing west to east under the Mahogany Mountains (Wood 1920). Two R. columbiae populations occur in national grassland roadside ditches (Butte Valley E-W Ditch and Butte Valley MacDoel Ditch). A third R. columbiae population occurs along Meiss Lake, the remnant of a Pleistocene lake that used to cover much of the land depression.

Lost River Area
The Lost River Area is located southeast of Klamath Falls, and is contained within the Klamath Basin’s Lost River subbasin. The region can be characterized by its large basins, ancient lake terraces and occasional basaltic mountains (Anderson et al. 1998). The area’s vegetation is a mosaic of open juniper woodlands and rural range and agricultural communities. Three Rorippa columbiae populations occur near the headwaters of the Lost River in California (Clear Lake Reservoir, Clear Lake Reservoir Outlet Dam, and Willow Creek), just upstream of Oregon’s Langell Valley. One Rorippa columbiae population occurs in the Tule Lake National Wildlife Refuge, the final internal drainage basin of the Lost River, just downstream of Oregon’s Stukel Mountain sites. 

Big Sage Area
The Big Sage Area is located southeast of Goose Lake, and is contained within the Sacramento River Basin’s Upper Pit River subbasin. The region is relatively uninhabited, and is known as one of the state’s most important regions for fish, wildlife and aquatic resources. The lowland alluvial valleys support wetlands, riparian areas, and irrigated farmland (SacRiver 2016). One R. columbiae population occurs along the southeastern edge of the Big Sage Reservoir, a tributary source for the Pit River. 

McCloud Area
The McCloud Area is located approximately 85 miles northeast of Redding, and drains roughly 800 square miles of the southern end of the Cascade Range. The area is found in the Sacramento River Basin’s McCloud subbasin. The region’s mediterranean climate supports mixed conifer uplands and lower elevation chaparral understory (SacRiver 2016). Two Rorippa columbiae populations exist in this area (Dry Lake and White Deer Lake), 4 air miles apart on the Medicine Lake Lava Flows.

Lassen Area
The Lassen Area is found in the Susan River Watershed of the North Lahontan Basin. Surface water and snowmelt from the southern Cascade Range and eastern Sierra Nevada Range drain eastward through the Susan River toward Honey Lake, a closed desert basin. The drainage originates in the highlands near two R. columbiae sites, Windy Hollow and Feather Lake. A high desert climate predominates in the region (CADWR 2003).

Butte Valley Area

1. Meiss Lake
This site consists of Meiss Lake, a shallow lake dotted with islands, located on the edge of a transmontane alkaline marsh. R. columbiae are situated on drying flats on the southeast end of the lakebed, and on a small island nearby. Soils are sandy loam with cobbles, alkaline, and dry by mid-summer. Vegetative cover is variable, ranging from fairly bare to greater than 75% cover. Dominant species are Distichlis spicata and Hordeum jubatum. Habitat degradation is associated with cattle grazing and trampling at only 1 of the 7 patches. This site is located near Macdoel, California, and is managed by the California Department of Fish and Game, Butte Valley Wildlife Area (CNDDB 2010; Cavaille 2007; Habegger 1997; Kaye 1996).

2. Butte Valley E-W Ditch
The E-W Ditch is an intermittently flooded ditch in the Butte Valley National Grasslands. The plants reside on the banks of the ditch, and tend to occur in the largest ponded areas. Substrate consists of sandy loam-clay soils. Associated species include Chrysothamnus nauseosus, Descurainia pinnata, Camissonia tanacetifolia, Distichlis spicata, Bromus tectorum, Hordeum jubatum, and Juncus balticus. Current threats are trampling by livestock, herbivory by rabbits and other wildlife, and roadside maintenance activities. This site is located in the Klamath National Forest near Macdoel, California, and is managed by the U.S. Forest Service, Goosenest Ranger District (CNDDB 2010; Cavaille 2007). 

3. Butte Valley Macdoel Ditch
The MacDoel Ditch is an intermittently flooded ditch habitat in the Butte Valley National Grasslands. Rorippa columbiae are located on the east and west sides of the road, and occur on the backslope and toeslope of the ditch banks. Substrate consists of sandy loam-clay soils. Associated species include Chrysothamnus nauseosus, Descurainia pinnata, Camissonia tanacetifolia, Phacelia inundata, Distichlis spicata, Bromus tectorum, Hordeum jubatum, and Phlox gracilis.The primary threat to this site occurred in 1999 when the ditch was bulldozed during forest project activities, which reduced the population size dramatically. Current threats are trampling by livestock and herbivory by rabbits and other wildlife. This site is located in the Klamath National Forest near Macdoel, California, and is managed by the U.S. Forest Service, Goosenest Ranger District (CNDDB 2010; Cavaille 2007).

Lost River Area

4. Tule Lake National Wildlife Refuge
Tule Lake National Wildlife Refuge provides habitat for one extant Rorippa columbiae population. The plants are located on the original Tule Lake lakebed in old agricultural fields that have been returned to a seasonal flooding regime. Soil substrate is a gray, finely-textured silty clay that crusts at the surface. Vegetative cover is dominated by non-native weedy species. This site is located on the Tule Lake National Wildife Refuge, managed by the U.S. Fish and Wildlife Service (CNDDB 2010; Cavaille 2007; Habegger 1997). 

5. Clear Lake Reservoir
The Clear Lake Reservoir provides lake shore habitat to several Rorippa columbiae patches. The plants reside along the east and southeast shorelines, below the seasonal high water mark. R. columbiae grows on dried lake sediments consisting of pumice sand. It also grows among volcanic boulders in the inundation zone. Associated species include Psilocarphus sp., Plagiobothrys sp., and Polygonum sp. This reservoir habitat was severely degraded by cattle grazing and trampling thoughout the 1980s, and fenced in the early 1990s. Following the removal of cattle, field biologists noted “a small [R. columbiae] population explosion that covered the ground for yards in every direction.” Habitat has also been degraded by noxious weed infestations. This site is located on the Clear Lake National Wildlife Refuge, managed by the U.S. Fish and Wildlife Service (CNDDB 2010; Kaye 1996; Gehring 1992). 

6. Clear Lake Reservoir Outlet Dam
This site is Clear Lake Reservoir shoreline habitat, in close proximity to the lake’s outlet dam. Columbia yellowcress grows along lake edges in areas that have been seasonally inundated, and amidst volcanic boulders. In 2005, local botanists noted the site quality was excellent, and that most R. columbiae were quite large and flowering profusely. Associated species include sparsely distributed Juncus balticus. This habitat had not been notably degraded by cattle grazing and trampling when it was last surveyed in 1987. The area south of the outlet dam had previously been fenced, and the area surrounding the current population was fenced in the mid-1990s. This site is located on the Modoc National Forest, and is managed by the U.S. Forest Service, Doublehead Ranger District (CNDDB 2010; Kaye 1996).

7. Willow Creek
Willow Creek flows out of the Clear Lake Reservoir, and supports Columbia yellowcress along its steep (30 – 40% slope) cut banks as well as on creek sandbars. Substrate is typically moist sandy clay with scattered cobbles and small boulders. Habitat is open and fairly bare, though some areas support nearly 100% plant cover. Associated species of R. columbiae include Camissonia tanacetifolia, Trifolium sp., Rorippa curvisiliqua, Gratiola neglecta, Eryngium articulatum, Juncus balticus, and Potentilla newberryi. Surrounding vegetation includes Juniperus (juniper) and Artemisia tridentata (sagebrush). Stream bank habitat has been degraded from cattle grazing and trampling, however, fencing from Clear Lake through the Willow Creek area occurred in 1996. The habitat contains one invasive competitor, Cirsium arvense, which is the dominant threat as of 2016 at several locations along Willow Creek. Gauna (Gauna personal communication 2016) notes that when cattle were removed from the allotment, Cirsium arvense started growing thickly. The cattle had perhaps been suppressing the invasive species, though causing damage to Columbia yellocress through trampling and grazing. This site is located on the Modoc National Forest, and is managed by the U.S. Forest Service, Doublehead Ranger District (CNDDB 2010; Kaye 1996). 

Big Sage Area

8. Big Sage Reservoir
The southeastern shoreline of Big Sage Reservoir provides habitat for R. columbiae near a picnic area, boat ramp and the Big Sage dam. Threats include recreational use of the area, significant medusahead presence in the upper shoreline, and unnatural water fluctuations caused by impoundment. R. columbiae plants appeared unhealthy during 2010 surveys, but the population has persisted. This site is located on the Modoc National Forest, and is managed by the U.S. Forest Service, Devil’s Garden Ranger District (Gauna personal communication 2016).


McCloud Area

9. Dry Lake
Dry Lake is a dry-meadow lakebed on the Medicine Lake Lava Flows. Rorippa columbiae is situated in the low depressions, hummocks and swales of the lakebed. The species can be found around much of the lakebed perimeter, with a high concentration of plants on the eastern margin. The lakebed is commonly dry year-round, but it does become fully inundated in occasional years with up to three feet of water. The lakebed substrate is sandy, with an impermeable pan near the surface. Associated species include Arnica chamissonis, Camissonia tancetifolia, Penstemon shastensis, Juncus balticus, and Agrostis variabilis. Surrounding vegetation includes Pinus contorta (lodgepole pine) and occasional clusters of aspen. Habitat was threatened by lodgepole pine encroachment in the 1990s, which was remedied by tree removal from the lakebed in 2008. A 2-track road is situated through the center of the lakebed, which has seemingly encouraged OHV use. OHV disturbance has been documented from 2009 through 2012 throughout the lakebed. Habitat has also been heavily degraded by cattle grazing and trampling. The allotment that encompasses Dry Lake was last used in 2004, so as of this 2016 writing, livestock effects have essentially been eliminated. Dry Lake is also the first site that has been subjected to a prescribed burn, and R.columbiae population numbers appeared unaffected by the burn the following year, suggesting that the species and its seedbank tolerate fire. This site is located on the Shasta-Trinity National Forest, and is managed by the U.S. Forest Service, McCloud Ranger District (Posey 2016; CNDDB 2010; Kaye 1996; Gehring 1992). 

10. White Deer Lake
White Deer Lake is a meadow-like lakebed that contains three R. columbiae patch habitats: a shallow stock pond dug into the lakebed for cattle access, a larger pond, and a vernal swale. Rorippa columbiae grow on the slopes of the ponds, which consist of a sandy soil over pumice flats, and provide an open, high light environment for the taxon. Associated species include Eryngium aristatum, Camissonia tanacetifolia and Juncus balticus. Surrounding vegetation includes Pinus contorta (lodgepole pine) forest, which was invading the lakebed until tree removal occurred in 2007. White Deer Lake has been subject to a high degree of construction disturbance since it became part of a Caltrans mitigation project in 2007. Logging equipment and bulldozers have disturbed soils, regraded slopes, removed trees and partially filled ponds. R. columbiae plants seemed to thrive in these disturbed areas. Habitat degradation due to livestock activity had been a problem at this site for many years. The land was heavily grazed by sheep until 2001, and by cattle until 2004. This site is located on the Shasta-Trinity National Forest, and is managed by the U.S. Forest Service, McCloud Ranger District (Posey 2016; CNDDB 2010; Kaye 1996; Gehring 1992).

Lassen Area

11. Windy Hollow
Windy Hollow is a playa site on the Modoc Plateau. The habitat is open and flat with only low forbs present in the lake bed, as is common for playas in the region. Substrate is poorly drained sandy-clay loam soils. Associated species include Eryngium alismaefolium, Muhlenbergia richardsonis, Navarretia leucocephala ssp. minima, Ranunculus alismaefolius, Lupinus lepidus var. sellulus, Camissonia tanacetifolia ssp. tanacetifolia, Polygonum douglasii, Porterella carnosula and Calyptridium umbellatum. Habitat degradation has occurred from cattle grazing and trampling. However, the grazing allotment that encompasses Windy Hollow has suspended cattle activity in the area, so livestock impacts have decreased in recent years. Other threats include vehicle traffic on a road routed through the playa, as well as a road adjacent to the playa under a transmission line. This site is located on the Lassen National Forest, and is managed by the U.S. Forest Service, Eagle Lake Ranger District (CNDDB 2010; Cavaille 2007; Kaye 1996).

12. Feather Lake
Feather Lake is located on the Modoc Plateau, and consists of a northern and southern lakebed that are together known as Feather Lake. Rorippa columbiae are located on the lakebeds, with one subpopulation in the northern Feather Lake, and two subpopulations in the southern portion of the lake. Habitat is open, with low vegetative cover, and the lakebed experiences seasonal inundation. Substrate consists of loose, sandy soils with large volcanic rocks. Associated species include Eryngium sp., Calyptridium sp., Ranunculus aquatilis, Camissonia tanacetifolia, Lupinus lepidus var. lobbii, Arnica sp., Muhlenbergia sp., Polygonum sp., Carex sp., and Porterella carnosula. Habitat has been severely degraded by cattle trampling and grazing, with hoof punches apparent throughout the playa. The northern subpopulation has a cattle trail that passes through the R. columbiae plants, and population numbers are low. Two subpopulations are located on the Lassen National Forest, and are managed by the U.S. Forest Service, Eagle Lake Ranger District. The southernmost subpopulation occurs on private land (CNDDB 2010; Cavaille 2007). 





Habitat Research
Two significant multi-population habitat investigations have been conducted for Rorippa columbiae. During the summer and fall of 1997, 7 of 11 known populations across the species’ range were sampled to obtain data on habitat characteristics (Habegger 1997). Habitat measurements included substrate descriptions from soil samples, cobble and pebble depth, slope, and aspect. Habitat photomonitoring occurred, and R. columbiae population counts, stem heights, and phenological phases were recorded. 

During the summer of 2016, 11 southern Oregon populations were sampled as part of a student master’s research thesis (Kentnesse 2017), including 9 extant and 2 extirpated Columbia yellowcress populations. Transects were positioned across elevation gradients at each site, and soil samples were extracted from the upper and lower transect ends, at 0 – 15 cm and 16 – 30 cm depths. Soil moisture, pH, electrical conductivity, texture and nutrient composition were determined in a laboratory at Oregon State University. Surface morphometry measurements including aspect, elevation, slope gradient, slope shape and hillslope position were determined in the field. Biological community was also described in randomly-placed quadrats along transects. Vegetative percent cover of all species within quadrats was measured, and percent cover of invasive species and tall species creating shade were analyzed. R. columbiae population counts, stem heights, number of leaves, and inflorescences, flowers and fruits per plant were also recorded in a population health assessment, and monthly habitat photopoints were taken. Less intensive habitat information was recorded for the 5 remaining southern Oregon populations. 

Columbia River Gorge botanists have also produced several rigorous studies investigating the habitat dynamics of local Hanford Reach and Lower Columbia area R. columbiae populations (Habegger et al. 2001; Simmons 2000; Crone and Gehring 1998; Gehring 1994; Harris 1992; Scherer and Young 1992; Scherer 1991; Gehring 1990; Cornelius 1985). 

There is still a need for further study of key R. columbiae habitat variables, particularly water dynamics in southern Oregon sites. Further research would aid in distinguishing between used, selected, preferred, and required habitat for the species.
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Competitors 
Rorippa columbiae habitat is variable in its density of native and non-native vegetative competitors. Many sites have a very sparse vegetative community, providing little competition for the Columbia yellowcress. In the Columbia River Gorge, the species typically grows among river gravel and cobble with a few, scattered herbaceous plants comprising the surrounding community (Gehring 1992). Similarly, shallow playas, depressions and cutbank habitats in southern Oregon range from 60% to 97% bare ground, with an average of 81.3% (Kentnesse 2017). The toeslopes of the elevational gradient where Columbia yellowcress tends to grow are more open, with less vegetation and higher light intensity. In these sparsely-vegetated environments, Rorippa columbiae grows among other native forbs. Native shrubs and invasive graminoids consistently grow upslope of the species on the rim of the depression terrain. Several studies of the taxon have remarked that water fluctuation disturbance likely helps to maintain a predominantly herbaceous biological community in lower elevations (Kentnesse 2017; Salstrom and Gehring 1994; Goldenberg 1993). By contrast, riparian corridors and ditches where R. columbiae occur support a dramatically different biological community. Soil-rich river habitats and wet meadows tend to contain a higher density of vegetation on average. Between 2 and 21% of R. columbiae habitat is bare ground in these areas, with an average of 9.5% bare ground. Kentnesse (2017) demonstrated that aggressive, exotic species created a large percent of the total vegetative cover in experimental quadrats in these habitat-types, with 74.3% invasive graminoid cover at the Sprague River Main, 46% at the Sprague River Seput Land Exchange, 22% at the Sprague River Klamath Lake Land Trust, and 16.8% at Paulina Marsh. The most common invasive species at these sites (in order of abundance) were Alopecurus pratensis (meadow foxtail), Phalaris arundinacea (reed canarygrass), Elymus repens (quackgrass), Bromus tectorum (cheatgrass), Poa pratensis (Kentucky bluegrass), and Agrostis stolonifera (creeping bentgrass). 

Observations of concurrent invasive species or vegetative expansion and R. columbiae population declines are plentiful. Photomonitoring efforts between 1984 (Cornelius 1985) and 1992 are frequently cited as providing evidence for moderate to large increases in general vegetative cover on previously sparsely-vegetated rocky R. columbiae habitat (Gehring 1994; Gehring 1992). Photographs show an invasion of Pierce Island R. columbiae sites by Artemisia lindleyana and Helenium autumnale during the 1980s (Kaye et al. 1993; Gehring 1991). Columbia yellowcress populations were observed to decline in the same locations during the same years, suggesting a possible correlative link between these occurrences. Salstrom and Gehring (1994) reported that encroachment of woody species, such as Morus alba (white mulberry), was potentially threatening R. columbiae at several sites along the Hanford Reach and the Lower Columbia. Habegger et al. (2001) further analyzed the Cornelius photographs and demonstrated that an increase in Salix fluviatilis was occurring in some areas where R. columbiae commonly grows. However, Habegger et al. (2001) also cautioned against analyses that only examine a limited period of several years. They note that species cover and composition has fluctuated widely over time, such that apparent invasions may experience population declines years later. In southern Oregon, Goldenberg (1993) observed that competing plants may have been causing R. columbiae abundance declines in riparian Klamath County sites in as early as 1993. Recent years’ field reports report that invasive graminoids currently appear to be expanding in Columbia yellowcress riparian sites.

Research that directly measures the effect of interspecific competition on Rorippa columbiae growth is limited. Gehring (1990) sampled five subpopulations on Pierce Island, Washington, ascertaining percent cover of total vegetation, total grasses, total forbs, total woody plants and Rorippa columbiae. Columbia yellowcress stem quantities and heights were also measured. The author found that the total amount of adjacent vegetative cover was not statistically correlated to the number of R. columbiae stems. However, the data did suggest a trend of more R. columbiae stems occurring where the total vegetative cover was lower. Scherer (1991) analyzed Gehring’s (1991) data and found that graminoid competitors may have a greater negative effect on R. columbiae flowering than woody and herbaceous species. Kentnesse (2017) conducted a similar study in southern Oregon, measuring percent cover of trees, woody shrubs, native and invasive graminoids, native and invasive forbs, and Rorippa columbiae at 9 research sites. Stem quantity, height, number of leaves, number of inflorescences, flowers per plant and fruits per plant were also recorded. The author found no statistical relationship between high percent cover of invasive species and R. columbiae percent cover, stem count, or other sexual and vegetative health measures. In northern California, Posey (2016) was the first report to document R. columbiae and plant community response to significant soil disturbance. Bulldozers at White Deer Lake appeared to reduce or eliminate competing vegetation, and R. columbiae colonized the newly exposed soil within months. Within 3 years, botanists observed a noticeable increase in perennial forbs and grasses, and a notable decrease in R. columbiae population numbers. 

Additional research is needed to understand the effect of invasive species expansion on R. columbiae populations, particularly in lotic habitats. Competing species’ habitat requirements are not well understood. For example, Phalaris arundinacea (reed canarygrass) expansion appears to be a significant threat to the Sprague River Main population. The cool-season perennial grass possesses an extensive, rhizomatous root system that can form thick sod layers, effectively excluding all other plants. However, P. arundinacea appears to occupy moist areas at elevations adjacent to, but just below where R. columbiae tends to grow. It is not known whether reed canarygrass’s broad physiological tolerance and plasticity is allowing the species to expand into slightly drier R. columbiae habitat, or if moisture differences are limiting its expansion. Each of the common, non-native species listed above has its own strategies for competitive success. However, many of these annual and perennial exotic graminoids share the ability to germinate in fall or early spring, encouraging establishment and growth before R. columbiae may have a chance to compete. The competitive ability of Rorippa columbiae has not been explicitly evaluated and is also not well-understood. As a ruderal species, it would not be expected to be highly competitive unless recurring disturbances maintain sufficiently open habitat. Columbia yellowcress does appear to have some competitive advantages as a quick-growing pioneer species with a presumably healthy seedbank and fairly extensive rhizomes. However, it may be fairly easily outcompeted by more vigorous exotic taxa.

Parasites and disease
A few diseases and parasites have been observed on Rorippa columbiae plants over the last several decades. The most significant documented disease occurred between 1997 and 2000 at Foley Lake. An unidentified copper-yellow rust, caused by pathogenic fungi, was found on every Columbia yellowcress plant at the site (Kaye 1996). Some plant leaves also showed signs of predation by a small, unidentified caterpillar (Housley 2002). In 1995 and 2016, a small number of plants at the Sprague River Main site displayed purple discoloration and stunted foliar growth (Kaye 1996; Kentnesse 2017). In 2016, R. columbiae plants with these symptoms were also discovered at the Williamson River Delta site in southern Oregon. Oregon State University pathologists have suggested that the abnormalities may be result of a small, psyllid insect vector responsible for a viral (or fungal) disease.

In 2016, Rorippa columbiae plants were closely observed for ecological interactions between the taxon and other species. Ants were the cause of the most notable damage at Paulina Marsh and Sprague River Klamath Lake Land Trust sites (Appendix D.4, photographs of ant damage). Ants were observed covering a few Artemisia tridentata (big sagebrush) plants, and adjacent Rorippa columbiae appeared to be dead or dying, with ants frequently crawling on the stems, leaves, and inflorescences. Other observations included finding occasional tar-like black spots on older leaves, indicating a possible fungal infection. Small, bright orange spheres and ellipsoids were found on the leaf surfaces of a few plants, which were likely insect eggs. Small black dots that appeared to be insect frass occurred on a few individuals. As the growth season started to wane, some Rorippa columbiae plants showed yellowing discoloration, and many showed foliar pockmarks that could have been the result of either insect damage or mechanical particle damage. Foley and Featherbed Lake showed the greatest pockmark occurrence; they are also the windiest sites in southern Oregon (Kaye and Massey 1991; Kentnesse 2017) (Appendix D.5, photographs of parasite and disease threats).

Symbiotic and mutualistic interactions
It is unclear whether Rorippa columbiae experiences symbiotic relationships with fungal mycorrhizae. In general, members of the Brassicaceae plant family are known to be non-mycorrhizal (Harley and Harley 1987). In recent years, a few studies have shown that some genera in the family have demonstrated the capacity for vesicular arbuscular mycorrhizal development (DeMars and Boerner 1996), though the Rorippa genus has not been explicitly investigated. Kentnesse conducted a small-scale greenhouse study in 2016 with 96 plants, 50% of which were inoculated with native soil, and 50% grown in potting mix. Half of the plants and respective native soil were from the Sprague River Main site, and half were from the Paulina Marsh site. Unpublished results showed a moderately significant difference in number of ramets, number of leaves, and stem heights between innocuated and uninnocuated plants from Sprague River Main, but no significant difference between the two treatments for Paulina Marsh plant growth. Causal inferences cannot be made regarding the relative success of Columbia yellowcress in Sprague River soil (Kentnesse unpublished data). 

Herbivores and relationship to habitat
Rorippa columbiae plants are eaten by an array of herbivores, including small mammals, insects, waterfowl, and ungulates. Rabbits and small rodents may be the most frequent herbivores of Rorippa columbiae. Kaye and Massey (1991) and Kaye et al. (1993) documented that significant rabbit herbivory occurred at southern Oregon Lakeview Area sites in the late 1980s, which coincided with a rabbit population expansion that happened during those same years (Malheur National Wildlife Refuge staff personal communication to Kaye and Massey 1991). In 2016, Kentnesse (2017) found no obvious signs of significant foliar herbivory at any southern Oregon site, but did document a high occurrence of rabbit and rodent fecal pellets within R. columbiae survey quadrats. Leaves showed pockmarks potentially suggestive of insect herbivory, and occasional insects were observed on the leaf surfaces of Columbia yellowcress. Although foliar and floral predators are common on plants in the Brassicaceae family, laboratory investigations showed no signs of pre-dispersal herbivory for R. columbiae fruits or flowers. During 1997 – 2000, some foliar predation was caused by a small, unidentified caterpillar (Housley 2002; Kaye 1996); a few caterpillars were also observed in 2016 (Kentnesse 2017). Grazing of Rorippa columbiae by waterfowl is sporadically mentioned in the literature as a potential threat, though none has been directly observed (CNNDB 2016; Salstrom and Gehring 1994). Last, while wild pronghorn and cattle may have a myriad of impacts on R. columbiae (Section IV.A, Threats), little evidence of direct grazing exists. Salstrom and Gehring (1994) note that deer browse is suppressing the invasion of shrubs along the Hanford reach of the Columbia River. Cattle and pronghorn may be serving a similar function in southern Oregon and northern California habitat, helping to keep Rorippa columbiae habitat open and free of encroaching shrubs. 

While many herbivores may occasionally graze on Rorippa columbiae, the frequency of herbivory is typically low, and impact typically minimal. Apart from the rabbit and caterpillar activity mentioned above for specific, short periods of time, herbivory is not a significant concern for this species. When foliar herbivory has been observed to occur, the plants appear fairly resilient, re-sprouting and re-flowering with ease. In greenhouse propagation studies (Kentnesse 2017), the same phenomenon was observed. Rorippa columbiae stems that were pruned back to the soil surface re-sprouted 100% of the time, often branching and flowering more profusely than prior to pruning. Herbivory does not appear to be negatively impacting recruitment in natural populations.
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Rorippa columbiae faces significant anthropogenic and natural threats to habitat integrity and species persistence. Water availability, grazing (including trampling), and vegetative competition are the top three concerns affecting most, if not all, southern Oregon populations. Similar habitat generates similar threats for northern California populations, while the Columbia River Gorge is more heavily affected by threatening water management regimes. Many of the threats outlined below are addressable through land management action, while others – particularly reduced or altered timing of water availability due to potential climatic changes – are not. 

Livestock impacts
Cattle grazing and trampling threats have been listed as a top habitat degradation concern in most agency and nonprofit reports for southern Oregon and northern California. California sites that have experienced cattle impact over the past three decades include Clear Lake Reservoir (USFWS Clear Lake National Wildlife Refuge), Clear Lake Reservoir Outlet and Willow Creek (USFS Doublehead Ranger District), White Deer Lake and Dry Lake (USFS McCloud Ranger District), Meiss Lake (CDFG Butte Valley Wildlife Area), and Windy Hollow and Feather Lake (USFS Eagle Lake District). In southern Oregon, Foley and Featherbed Lakes (BLM Lakeview Resource Area), Stukel Mountain 1 and 2 (BLM Klamath Resource Area), Buck Creek, Buck Creek Tributary, Sprague River Main, Sprague River Seput Land Exchange, Dam’s Meadow, and Dam’s Canyon (USFS Chiloquin Ranger District), Sprague River Klamath Lake Land Trust (private), and Paulina Marsh (private/Lake County) have experienced cattle activity during the past 30 years of R. columbiae population documentation. Sites that have either never experienced cattle impact or cattle impact is unknown in recent history include Tule Lake National Wildlife Regue (USFWS), Butte Valley roadside ditches (USFS Goosenest Ranger District), Sprague River Williamson River Delta (private), Big Sage Reservoir (USFS Devil’s Garden Ranger District), Emigrant Lake Reservoir (US Bureau of Reclamation/Jackson County), and Malone Reservoir (US Bureau of Reclamation). Given the proportion of regional R. columbiae sites that are definitively exposed to cattle traffic, livestock impact is a critical threat to understand and for land managers to address.

Riparian zones along rivers and creeks, and the shores of lakes, playas and depression ponds, are common habitat for R. columbiae, and these habitats are congregation points for livestock. The spatial overlap of conflicting uses and heavy concentration of cattle activity may contribute to Rorippa columbiae declines and scarcity (Kaye 1996; Housley 1995; Kaye et al 1993; Goldenberg 1993). Botanists have frequently observed and documented riparian habitat degradation by cattle. Reports from most of the sites listed above reference hoof punches throughout the habitat, and quite a few also note cattle trails through R. columbiae patches. Kaye (1996) reported that Buck Creek was “extremely impacted by cattle with numerous hoof tracks resulting in the complete uprooting of at least three large plants [of 24 total plants]” in 1993. Herbivory and trampling can result in direct damage and destruction of Columbia yellowcress plants (Kaye et al. 1993; Gehring 1992; Kaye and Massey 1991), however, cattle can also have indirect negative impacts on R. columbiae through damage to the species’ habitat. At some sites, long-term grazing appears to have contributed to the introduction of aggressive, non-native weedy species when cattle function as an agent of seed dispersal. Cattle also have caused extensive erosion, channel downcutting, and lack of vegetation along Buck Creek, Buck Creek Tributary, Dam’s Meadow and Dam’s Canyon sites (Kaye 1996), potentially altering local hydrological processes.  

One exclusion experiment and multiple observations of plant population responses to exclusion suggest that cattle presence depresses Rorippa columbiae stem counts. The formal experiment of exclosure treatment and quantitative effects of grazing on R. columbiae was initiated at Oregon’s Foley and Featherbed Lakes in 1991, with the construction of exclosures and control plots (Kaye and Massey 1991; Housley 1995). Stem counts were recorded inside and outside the exclosure at each site from 1991 through 2001. Housley (2002) reports that populations inside the exclosures gradually increased in size over the 10-year time period, while populations outside the exclosure gradually decreased in size. Data was only collected over four years, and only limited analyses were performed, yet there is a clearly demonstrated trend. At other sites, exclosures were established as a management action to conserve the species and its riparian habitat, and Columbia yellowcress response was similar to the Foley and Featherbed experiment. At Clear Lake Reservoir in California, R. columbiae habitat was degraded by cattle grazing and trampling throughout the 1980s, and then fenced in the early 1990s. Following the removal of cattle, field biologists noted “a small [R. columbiae] population explosion that covered the ground for yards in every direction” (Kaye 1996). At White Deer Lake, California, R. columbiae was not observed during 1997 and 1998, years that cattle grazing was notably heavy. Posey (2016) mentions that “even spirea was grazed down to the dirt” during those years. In early September of 1999, seasonal grazing wasn’t yet heavy and 50+ Columbia yellowcress plants were found. The allotment was last used in the early 2000s, and since then, population numbers have climbed to 376 plants as of 2016 (Posey 2016). Goldenberg (1993) observed that the largest, healthiest plants at Featherbed Lake, Oregon, grew among boulders where they appeared to be protected from grazing. Similarly, it was remarked on a Clear Lake Reservoir survey form that R. columbiae seemed to grow only in areas that cattle could not conveniently reach prior to the exclosure establishment. 

While there appears to be a distinct trend of cattle activity threatening Rorippa columbiae population health, experimental study has been limited and much is unknown. The precise effect of grazing and trampling on R. columbiae has not been robustly quantified. It is also unknown whether cattle typically pull R. columbiae from the ground entirely when they graze. If this is the case, there would be no evidence of plant damage from grazing, just a decreased stem count. No report or survey has specifically described the appearance of grazed R. columbiae (Appendix D.5, photograph of the sole, potentially-grazed stem from 2016 survey work), which raises the question of whether cattle grazing occurrence is an assumption rather than a reality. If grazing is occurring, it is not definitively known that grazing is due to cattle versus other wildlife, including pronghorn, rabbits or rodents. However, the Foley and Featherbed experimental exclosures tested the effect of cattle exclusion specifically, which suggests that R. columbiae population increases are due to the treatment of cattle-specific exclusion, since other wildlife could have conceivably entered the exclosure and rabbit pellets were found both inside and outside the exclosure. There is also some question as to whether grazing might stimulate R. columbiae growth, since greenhouse experiments have shown increased numbers of ramets and flowering occurrence in response to pruning (Kentnesse unpublished data). If grazing by cattle is actually rare, it may be that trampling is the more significant threat, and in need of additional research.

Currently, exclosures are the primary management tool being used to address the threat of cattle presence in Rorippa columbiae habitat. To date, relatively few southern Oregon and northern California sites have established exclosures. Federal agencies have installed cattle fences on all three California Modoc area sites that have grazing allotments: Clear Lake Reservoir, Clear Lake Reservoir Outlet, and Willow Creek. In southern Oregon, Featherbed and Foley Lake exclosures (referenced above) were installed in 1991, but Featherbed Lake’s fencing is in need of significant repair. The Sprague River Seput Land Exchange is also currently protected with fencing. 

Invasive species competition
All Rorippa columbiae sites host non-native species, and many are threatened by the proliferation of weedy species (Appendix D.5, photographs of threats). Habitat degradation by non-native species is a particularly acute threat in lotic environments such as the Sprague River sites in southern Oregon. The most common invasive species at these sites (in order of abundance) are Alopecurus pratensis (meadow foxtail), Phalaris arundinacea (reed canarygrass), Elymus repens (quackgrass), Bromus tectorum (cheatgrass), Poa pratensis (Kentucky bluegrass), and Agrostis stolonifera (creeping bentgrass).

The presence of these taxa is problematic because their habitat requirements are similar to that of R. columbiae, and each species possesses aggressive strategies to effectively out-compete Columbia yellowcress for habitat resources such as water, nutrients, light, and space. Invasive perennial grasses have prolific rhizome growth, which allows them to spread quickly and widely, and to occupy much of the available above and below-ground space in R. columbiae habitat. Most of their productivity occurs below-ground, with interspecific competition for water and nutrients occurring between plant roots (Wilson 1993). Rorippa columbiae’s slender rhizome-root tissue simply does not compare to the mass, size and aggressive growth patterns of the non-natives’ below-ground systems. Many invasive perennial grasses form characteristically thick mats, sod layers, and/or tufts, which function to exclude all other herbaceous plants. The early timing of rhizome growth also enables these species to outcompete many natives. As cool season grasses, these invasives experience vigorous growth during late season autumn temperatures, pause during freezing temperatures, and have a ready supply of energy for rapid growth in early spring, giving them competitive advantage over those Rorippa columbiae (and other forbs) starting from seed or initiating growth later in the season. Similarly, non-native winter annuals such as Bromus tectorum germinate as early as fall, develop roots during winter, and have a growth jumpstart in early spring due to root and photosynthetic systems already being established. Introduced winter annuals can produce above-ground biomass sooner and in greater bulk than many native forbs that emerge from dormancy later and experience slower growth. 

Above-ground, some introduced non-native grass shoots grow to significant heights, shading out low-growing R. columbiae plants, which cannot effectively compete for light despite some habit plasticity. Many non-natives are known to flower quickly and early, producing abundant seeds with dormancy mechanisms, and long-term seedbank viability in some cases. While Columbia yellowcress also possesses multiple modes of reproduction and can produce abundant seed, the taxon’s seed bank success may be of lesser magnitude than that of competing vegetation.

Reduction of invasive competitors will be a key strategy to creating and maintaining quality habitat for R. columbiae populations. While experimental studies that demonstrate aggressive, non-native species are directly causing Rorippa columbiae decline are still lacking (see Section III.F.1 for more details on vegetative competition research), the competitive power of invasive species cannot be under-estimated since many species occur in R. columbiae habitat, and invasive graminoids have been shown to effectively eliminate native forbs and grasses elsewhere, forming mono-stands of weeds in wetland plant communities. Land managers may not be able to control contributing factors such as reduced river flows and scouring, which may have prevented plant communities from successional processes and invasive establishment in the past. However, land managers can identify and implement treatment for the problematic species that occur at each R. columbiae site. This will not be an easy task since non-native grasses are abundant in riparian areas, and seeds disperse and recolonize new areas with relative ease. However, in the absence of weedy species management, some previously viable populations are likely to become extirpated. 

Vegetation encroachment and shading
Woody vegetation encroachment reduces quality R. columbiae habitat availability, and can be a significant threat to local populations. Most R. columbiae populations occur in open, high light habitat, and plants are commonly found within an herbaceous vegetative community. Trees and shrubs are typically found upslope at the edges of Columbia yellowcress sites. However, a few sites in southern Oregon and northern California are experiencing conifer encroachment in meadows and openings that contain R. columbiae plants. Juniperus occidentalis (western juniper) and Pinus ponderosa (ponderosa pine) are growing in close proximity to Buck Creek Tributary and Dam’s Canyon populations in southern Oregon.  Juniperus occidentalis is also present at Willow Creek, California, where it is threatening clusters of Columbia yellowcress plants. Pinus contorta (lodgepole pine) is the encroaching species at Dry Lake and White Deer Lake in California. 

Vegetation encroachment is problematic because increased tree and shrub cover reduces open, sunny lakebed, riverbank or meadow swale habitats, shading out species that thrive in direct sunlight. Some sites such as Buck Creek Tributary currently support as much as 70% juniper cover where R. columbiae grows. While many factors may be causing the population decline at this site (1999 – 309 plants, 2016 – 7 plants), encroachment may be a significant factor (see Section III.E.2 for more detail on environmental light requirements for R. columbiae). Large, woody species also use moisture and nutrient resources that were previously used by the herbaceous community. All of the sites listed above as being affected by encroachment are owned and managed by the United States Forest Service. The USFS McCloud Ranger District has already started to actively remove encroaching conifers at White Deer Lake (2007) and Dry Lake (2008) using mechanical logging methods. However, the USFS has not yet addressed vegetation encroachment at other affected sites, and so the threat persists. See Appendix D.5 for photographs of threats.

Natural pathogens
Natural pathogens are a continual low-grade threat to Rorippa columbiae populations that botanists should monitor with regular site visits. One current pathogenic threat to individual Columbia yellowcress stems is the presence of a small, psyllid insect vector that is likely responsible for a viral (or fungal) disease affecting stems at the Sprague River Main and Williamson River Delta sites in southern Oregon. Infected Columbia yellowcress display symptoms of purple discoloration and stunted foliar growth (Kentnesse 2017; Kaye 1996). 2016 surveys also documented destructive ant behavior for the first time. At Paulina Marsh and Sprague River Klamath Lake Land Trust sites, ants were observed covering a few Artemisia tridentata (big sagebrush) plants, and adjacent Rorippa columbiae appeared to be dead or dying, with ants frequently crawling on stems, leaves, and inflorescences. Evidence of very minor tar-like fungal infections on single leaves, leaf pockmarks, and occasional leaf predation were observed on Foley and Featherbed Lake plants in Oregon (Kentnesse 2017). 

For a more detailed history of documented R. columbiae pathogens since the 1980s, see Section III.F.2 on ecological considerations of parasites and disease. See Appendix D.4 for photographs of ant damage, and Appendix D.5 for photographs of other threats.
Recreation
Unmanaged recreational activity contributes to significant habitat degradation at many Rorippa columbiae sites. Off-road vehicles (OHV) are popular in southern Oregon and northern California playas, where the ground is fairly open and typical high desert sagebrush and larger plants are absent. Vehicles sometimes run over R. columbiae individuals directly, destroying patches of plants. At Dry Lake, when damage from vehicle use was investigated, few to no R. columbiae plants were found remaining in the OHV tracks. Off-road vehicles can also compact and progressively devegetate larger areas of the lakebeds each year, making Columbia yellowcress recruitment more challenging and less likely. Evidence of OHV use and habitat degradation has been observed at Featherbed Lake, Buck Creek Tributary, and Stukel Mountain 1 and 2 in southern Oregon, and Windy Hollow, Feather Lake, Dry Lake, and White Deer Lake in northern California. In addition, OHVs have the potential to introduce or spread invasive species. 

Other recreational activites threaten R. columbiae habitat at frequently-visited reservoirs. Columbia yellowcress subpopulations at Oregon’s Emigrant Lake are subject to beachfront foot traffic, boating and OHV use. The plants grow adjacent to a campground, picnic areas, and in close proximity to a water slide park. Trampling of plants and habitat is the primary threat that this concentration of human recreation poses. Trampling can result in disturbance of damp, malleable, sandy soils, as well as damage to the plants directly. Less-frequented recreational sites likely experience these same threats, but to a lesser degree. Big Lake Reservoir and Meiss Lake in northern California are examples of that site type. 

Last, several R. columbiae sites that occur on public lands have unmanaged recreational human traffic, and therefore the potential to harm Columbia yellowcress populations by trampling the plants. Stukel Mountain 1 and 2, and Sprague River Main all show evidence of target shooting and trash disposal. See Appendix D.5 for photographs of threats.

Road maintenance
Several Rorippa columbiae populations occur in intermittently flooded roadside ditch habitat, where road maintenance activities such as surface grading, periodic ditch cleanout, and weed spraying may pose a significant threat to those populations (Kaye 1996). In southern Oregon, Paulina Marsh is the one extant population located along a roadside. In California, the Butte Valley E-W and Macdoel ditches also face these threats. Two additional sites have roads routed through the site and through the Columbia yellowcress population, Windy Hollow playa in the Lassen area and Dry Lake in the McCloud area of California. Threats to these populations are typically the vehicle traffic itself. See Appendix D.5 for photographs of threats.

Water management and hydrological alteration
Water management is a primary threat to Rorippa columbiae populations, and the largest threat to Columbia River Gorge populations. Prior to the construction of dams on the Columbia River, river water levels were influenced solely by meterologic conditions - winter snowpack volume, precipitation events, and thawing temperatures – and topography. Water levels peaked with spring meltwater floods, which scoured river banks. Water levels gradually dropped over the summer, exposing moist substrate suitable for Columbia yellowcress growth. The species would flower, fruit and set seed late August through October. Rorippa columbiae was likely adapted to large within-year and between-year variations in water levels, surviving variable time periods of inundation and exposure. With the introduction of dams and human-controlled water releases in the 1990s, flows have been altered dramatically. The chief management tools currently used are hydroelectric peaking (daily and hourly), reverse peaking, drafting, and capping maximum flow rates (see below for detail). These practices are likely threatening Rorippa columbiae populations’ long-term persistence, though not always in direct, or expected ways.  

Current Water Management Practices
The Columbia River contains 14 major hydroelectric dams (3 in Canada and 11 in the United States), and over 200 more on its tributaries, which all directly influence the hydrology, fish, wildlife, and plant communities of the river. The Grand Coulee Dam is the largest electric-power producing facility in the United States (USDOE 2014), and is the farthest upstream of the Columbia River U.S. dams. Harris (1992) describes the Grand Coulee Dam as a faucet controlling water flows to all other downstream dams. As water is released from one dam to the next, the dams are managed to maximize power production and meet local needs.

Priest Rapids Dam, located at River Mile 397, was completed in 1961. The Hanford Reach R. columbiae populations occur just below the dam, and for the next 52 miles downstream. Since the Reach populations occur over such a long distance, those adjacent to the dam experience immediate and dramatic effects to dam flow changes, whereas populations in the middle and lower reach are impacted as much as 8 hours after flow changes occur upstream. The dam typically maintains discharges well above 100 kcfs until late August, though flows of less than approximately 100 kcfs are needed to expose R. columbiae habitat (Sauer and Leder 1985). The Priest Rapids dam is required to maintain a minimum flow of 36 kcfs and maximum flow of 175 kcfs. For comparison, the maximum record of unregulated flow for the reach was 689.9 kcfs in June 12, 1948. Dam operators manage water levels primarily for hydropower, but also for salmonids, augmenting flows for fall migration in October and November, and practicing reverse peaking for egg-laying season by dropping water levels in the mornings and early afternoons. Hourly peaking practices at Priest Rapids can cause 2-meter daily fluctuations (Harris 1992).

Bonneville Dam, located at River Mile 146, was constructed in 1937 and expanded in 1981. It is located approximately 4 miles upstream of the Lower Columbia islands and shorelines that support Rorippa columbiae populations. Similar to the Hanford Reach populations that are situated in close proximity to the dam, Lower Columbia R. columbiae receive dramatic and almost immediate (within an hour) flow change effects from the Bonneville Dam. R. columbiae grow between 9 and 12 feet elevation along a river bank slope on Pierce Island. Water levels are manipulated to fluctuate between 9 and 22.5 feet elevation. However, 9 feet elevation is considered to be very low according to reservoir control engineers. Therefore, any peaking practices will inundate Columbia yellowcress habitat at this site. Maximum spring flows of 300 to 400 kcfs are permitted through Bonneville dam turbines, though these rates are approximately half what they would be without dam regulation. September flows are augmented to release water from reservoirs after Labor Day. Bonneville dam also practices hourly peaking, resulting in large hourly water level fluctuations. The fluctuations are limited to 4 feet per day, and 1.5 feet per hour during summer (Scherer 1991). 

Water management influence on Columbia yellowcress
Many botanists have hypothesized that modern water management regimes may be causing, or are at least correlated with, Rorippa columbiae population declines on the Columbia River (Gehring 1995; Scherer 1991; Cornelius 1984). Two key studies have investigated these claims (Habegger et al. 2001; Scherer and Young 1992), examining three major water management themes: spring flood attenuation, river level alterations that may cause a short, late growth season, and hydroelectric peaking practices. Some of the information below provides background context for understanding threat perceptions and realities, and concludes with the best current understanding of water management threat to the taxon.
The trend of spring flood attenuation has been exacerbated by water management practices that cap maximum flow rates and regulate flow velocities, which significantly alters Rorippa columbiae habitat. Habegger et al. (2001) demonstrated that peak flood rates have been decreasing over the past 150 years in the Lower Columbia area, but that dam installation and river regulation have resulted in significantly reduced peak flood magnitudes. Hydrograph analysis has shown that in a comparison of actual regulated flows and modeled unregulated flows from 1972 to 1998, undammed spring flood flows would have averaged 37% higher than flows under regulated dam management. These two decades had exceptionally low magnitude floods, with peak discharge averaging 57.6% less than the average for the previous 116 years. No data analysis yet links spring flood attenuation directly with R. columbiae population declines since Columbia yellowcress population dynamics are not known prior to the 1980s. However, these very low flows notably started approximately 10 years prior to the first documentation of R. columbiae declines on Pierce Island and nearby locations. It is known that minimizing or eliminating spring floods changes riparian ecosystems into more stable environments, rather than environments subjected to periodic catastrophic events and regular disturbance. Scientists posit that reduced flood magnitudes on the Columbia River have resulted in less scouring of substrates and have likely permitted increased vegetation growth in Rorippa columbiae habitat – indirectly threatening the species.

Botanists have observed that late-summer high river levels cause Columbia yellowcress plants to have a short, late growth season that is potentially inadequate for successful reproduction and species persistence (Gehring 1995). Rorippa columbiae’s growth season is catalyzed by water levels dropping below the elevation where the taxon grows (9 to 12 feet above sea level at Pierce Island, Washington), ending inundation and exposing habitat. Dam release schedules dictate the seasonal timing of exposure, typically occurring in late July at the earliest, though more often in August or even early September. The end of Rorippa columbiae’s growth season is truncated by dam drafting in late September at both Washington locations, a management technique of increasing water flows when water levels would typically be lower. The augmentation is usually intended to assist the downstream migration of salmonid smolts (Scherer and Young 1992; Harris 1992; Scherer 1991). It has been assumed that these water management practices that dictate the Columbia yellowcress growth season may be causing documented Rorippa columbiae stem count declines. However, research studies have not convincingly supported this hypothesis. Scherer and Young (1992) concluded that a positive correlation does not exist between growth season length and population count on Pierce Island. Of three study years, 1984 experienced the shortest growth season and highest R. columbiae stem count. The authors acknowledge results are based on a very small dataset, and suggest that exposure window timing may be just as important if not more so than total number of hours exposed. They suggest a biologically critical growth period (e.g. August) may occur when intensity of solar radiation and warmer ambient air and water temperatures may be optimal to stimulate sufficient photosynthesis. The Habegger et al. (2001) study also did not support the hypothesis that R. columbiae declines are the result of excessive inundation and a short growing season. Their research demonstrated (somewhat surprisingly) that historically, R. columbiae had an even shorter and later season of growth than in recent years under modern water management regimes. Habegger et al. also found no significant trend in late summer hours of exposure from 1967 to 1980. While low hours of exposure does not appear to directly affect R. columbiae stem abundance, the study did show that 90% of total possible hours of exposure from July to September are required for flowering to occur in Columbia yellowcress. The authors note that low exposure could begin to influence stem count over a period of years if sexual reproduction is impaired. 

The last major water management technique practiced in Columbia River Rorippa columbiae habitat is daily and hourly hydroelectric peaking, and the impacts on R. columbiae are not yet understood. Hydroelectric peaking is the practice of increasing the daily or hourly volume of water released in response to hydroelectric power demand. In late summer, typically low flows occur at night when power demand is low. On weekday mornings, water flow is increased to meet commercial and industry demand (120 – 140 kcfs, often a 20 – 30% increase at Bonneville Dam), and is decreased again (90 to 100 kcfs) by evening when demand subsides (Scherer 1991). The impact on R. columbiae is periodic daily resubmergence, often during warm, sunlight mid-afternoon conditions. The timing of peaking inundation is usually dependent upon a R. columbiae population’s distance from the dam. In the Lower Columbia area, impact occurs within an hour of the Bonneville dam release. In the lower reach of the Hanford area, inundation may occur 8 hours after the Priest Dam release. On the weekend, peaking doesn’t take place. Flows are maintained at low level 100 kcfs and are relatively constant (Scherer 1991). Hourly peaking also occurs, and can cause river levels that can change by more than a meter over a period of a few hours (Habegger et al. 2001). Pam Camp (1992) reports that the water level dropped over 4 feet during a 2-hour field survey at River Mile 355-356 in October of 1988. In the Hanford Reach, “reverse peaking” is also common. Water managers create flows opposite the normal peaking cycle such that water levels are decreased in the morning and kept low until early afternoon. This practice exposes gravelly areas to encourage salmonids to lay eggs in suitable locations (Harris 1992). These lowered flows could be to the benefit of Rorippa columbiae, but reverse peaking unfortunately takes place outside of the taxon’s optimal growing season. It is not known how daily resubmergence and inundation during the species’ growing season may interfere with physiological processes such as photosynthesis, respiration, fruit maturation, or reproductive processes such as pollination. Habegger et al. (2001) found that peaking practices did affect the species’ annual performance to some degree along experimental transects. R. columbiae declined in density and frequency from 1991 to 1998 at all but one transect. R. columbiae number of transitions from exposed to submerged and visa versa was negatively correlated with stem and reproductive density and frequency at all but one transect. Most correlations were not statistically significant, but the authors point out that the consistently negative relationship is suggestive that increased annual water fluctuations may depress both growth and reproduction. At the same time, peaking was reportedly initiated in the early 1980s (Scherer 1991; Scherer and Young 1992), and Habegger et al. (2001) found no evidence that the number of transitions had increased between 1967 and 1998. The effect of hydroelectric peaking on R. columbiae populations is currently inconclusive.

While water management practices in isolation may not help explain modern Rorippa columbiae declines in the Columbia River Gorge, the interaction of spatially restricted R. columbiae populations with management practices that reduce spring flood flows and restrict the length of the growth season may be posing a severe threat to the species. Habegger et al. (2001) posit that the taxon may have once occupied a broader elevational range on river banks. Scouring spring floods may have kept competing vegetation and ecosystem succession at bay. With an even shorter and later growth season, relatively high elevation R. columbiae plants would have likely had adequate summer exposure for flowering, fruiting and seed set during most years. Reduction of scouring floods, accelerated by dam management, may have caused higher elevation R. columbiae habitat to become more heavily vegetated, excluding R. columbiae through competition over time. Exceptionally low flow magnitudes in the past several decades may have solidified other species’ establishment, further restricting Rorippa columbiae to the lower elevation portion of its previously more expansive habitat. By 1984, R. columbiae had already been restricted to the narrow 3 foot zone where it currently exists on Pierce Island. Sexual reproduction is now unlikely to occur due to the short, late growing season and the lower elevational position of the plants. This scenario has been posited for Lower Columbia Rorippa columbiae habitat and populations. Additional research is needed to consider its applicability in the Hanford Reach, and to test its plausibility and likelihood.

Water Management in southern Oregon and northern California
Southern Oregon and northern California rarely experience the types of water management threats outlined above for the Columbia River Gorge. The few reservoir sites in the region – Malone, Clear Lake and Emigrant Lake – can provide excessive indundation, effectively delaying the Rorippa columbiae growing season. In recent history, Malone Reservoir is the only site where this threat may be occurring, with water levels too high to observe exposed habitat or plants as late as August 23, 2016. Additional water management threats for this region may include water scarcity due to basin water rights appropriations, though this has not been investigated in general or on a site-by-site basis.

Climate change and natural hydrologic processes
The rapidly changing climate of the Pacific Northwest is likely a primary threat to the persistence of Rorippa columbiae. From the time of the ancient Pleistocene lakes through present, the species has biologically adapted to fluctuating, seasonally-inundated habitats. R. columbiae is seemingly well-adapted to tolerate periods of low moisture availability through root dormancy and a robust seed bank, yet some moisture is periodically needed to sustain the taxon. The expansion and decline of some populations, such as Malheur Lake and Foley and Featherbed Lakes in Oregon, appears to be correlated with precipitation patterns (Kaye 1996). Sometimes precipitation and local hydrological changes appear to drive cyclic population size swings, and sometimes they seem to result in extirpation. The abundance and timing of moisture availability may also affect certain vegetative or reproductive population health metrics. In addition, sufficiently forceful flow volumes and rates may be needed to provide adequate habitat disturbance. Water availability certainly is of central importance for Columbia yellowcress (Section III.C, cyclic population trends; Section III.E, habitat water dynamics).

Meteorologic conditions strongly influence water availability at Columbia yellowcress sites. Each site is contained within a watershed that experiences moisture inputs from snowpack, snowmelt, rain, surface water, and groundwater. These annual precipitation quantities vary, generating periods of wet years (e.g. 1981 – 1984) and dry years (e.g. 1985 – 1989). While low precipitation inputs and drought have been relatively common in recent years, extended periods of drought have occurred in the region in the past as well, including periods from 1840 – 1854 and 1928 – 1936 (Gehring 1992). Moisture exits Rorippa columbiae sites through surface and groundwater flows, human withdrawals and water management, and through evaporation and evapotranspiration. The rate of water loss through evaporation and evapotranspiration can be influenced by air temperatures, which varies seasonally and annually. Conceptual evaluation of this overall meteorologic water budget is needed for each Columbia yellowcress site in order to better understand water availability constraints that threaten the species.

Climate change is expected to bring average to slightly higher precipitation, and significantly higher temperatures in the Pacific Northwest. Precipitation is expected to increase during winter months, and decrease in summer (NOAA 2016). The region warmed by 1.3F between 1895 and 2011, and is expected to further warm by 3F to 10F by the year 2100 (NCA 2014). Warming temperatures cause precipitation to fall as rain rather than snow. Warm temperatures drive earlier spring snowmelt, causing more surface flows in earlier months, and making less water available later in the season. High temperatures also drive higher evaporation and evapotranspiration rates, causing greater water loss to the system. These changes are already occurring throughout the range of Rorippa columbiae, and are predicted to intensify (NOAA 2016).

All Rorippa columbiae populations will likely be affected by these climatic changes, and many may already be experiencing effects. In southern Oregon, the highest-threat sites are shallow lakes and playas (Foley and Featherbed Lakes and Stukel Mountain 1 and 2). These habitats will likely experience significant evaporation and evapotranspiration under warmer temperature regimes. Small, ephemeral creeks and cutbanks are also very high-threat habitat (Buck Creek Tributary, Dam’s Canyon, and Dam’s Meadow). Flows may be further reduced in these R. columbiae sites, which would cause even further decreased scouring and disturbance. The populations that may be least threatened by climatic changes are those with currently adequate river water flow and a high level of disturbance, such as the four Sprague River populations (Sprague River Main, Klamath Lake Land Trust, Seput Land Exchange and the Williamson River Delta). Habitat types with less predictable or variable likely outcomes include roadside ditches such as Paulina Marsh, and lake-like managed reservoirs (Emigrant Lake and Malone Reservoirs). At all sites, earlier seasonal snowmelt and surface flows, higher winter precipitation and lower summer precipitation, and significantly higher temperatures have unknown impacts on the biology and ecology of Rorippa columbiae. The taxon’s reproductive strategies, pollination ecology, phenology, germination ecology, and ecological relationships with pollinators, herbivores, pathogens and competing vegetative species, are all likely affected by these climatic phenomena, and will continue to be affected in unknown ways. These anticipated changes produce a daunting conservation dilemma since climate-induced habitat changes are challenging for managers to predict and address.

[bookmark: _Toc311209021][bookmark: _Toc499067042]B.  Conservation Objective
The primary objective of this conservation assessment and proposed management actions is to maintain healthy – stable or increasing – populations of Rorippa columbiae throughout the species’ natural range, with a particular focus on southern Oregon populations. Management actions aim to support southern Oregon populations by eliminating or mitigating known threats to Rorippa columbiae habitat and populations. Population census fluctuations are expected for the species due to annual variation in habitat favorability. However, populations should maintain or increase in size if management actions are followed over the long-term.
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MANAGEMENT ACTIONS BY TOPIC

The following are general management recommedations that could be implemented to address the threats discussed in the previous section. These generic recommendations could be implemented range-wide, but should be modified to address the specific issues at each population, and are only intended as a guide. Site-specific recommendations for southern Oregon populations follow this section.   

1. Livestock impacts  
Reduce or eliminate livestock grazing and trampling of Rorippa columbiae plants.

· Fence habitat to exclude livestock from known Columbia yellowcress populations. Create exclosure areas that include a reasonable allocation of existing habitat as well as potential habitat, establishing fenced space for R. columbiae population maintenance and expansion. 
· Alter rotational grazing schedules to avoid R. columbiae growing season, which is typically May through October, though site-specific.
· Provide alternative water source(s) to change cattle behavior and draw them away from sensitive R. columbiae habitat.
· Reduce or eliminate the number of livestock in the allotment or grazing unit.

2. Invasive species competition 
Reduce interspecific competition that negatively impacts R. columbiae survival and fecundity.

· Design and implement experimental test plots to evaluate the impact of removing competing non-native (or native) species on R. columbiae population size, growth and fecundity. Establish multi-year monitoring program to observe effect over time.
· Assess and implement appropriate treatment options for each competitive species that poses a substantial threat to the Columbia yellowcress.
· Identify causes of non-native species introduction and spread (e.g. grazing, road use, water dispersal, wildlife foraging behavior), and address underlying causes. Engage in weed prevention practices.
· Continue transects or vegetation monitoring efforts to track competing vegetation advancement and impact on R. columbiae populations over time. 

3. Vegetation encroachment and shading
Reduce overstory vegetation that causes significant shading of Rorippa columbiae habitat.

· Assess short and long-term ecological impacts of removing encroaching and/or shading overstory vegetation (e.g. Juniperus occidentalis or Pinus ponderosa). 
· If removal is determined to be beneficial for Columbia yellowcress without causing significant adverse impacts for other desirable species, enact a thinning program that reduces shade in R. columbiae habitat. Ensure restoration actions consider age structure of encroaching vegetation and the broader plant community. 

4. Natural pathogens
Address pathogens, parasitism, herbivory and diseases to improve health and viability of Rorippa columbiae population.

· If pathogens, parasites or insects are found on R. columbiae plants and appear to be significantly damaging plant tissues, collect specimen samples. Submit samples to Oregon State University Entomology Extension and/or Plant Clinic for identification. If disease symptoms are observed on R. columbiae plants, collect leaf or stem samples. Submit samples to Oregon State University Plant Clinic for diagnosis.  
· If the level of the pathogens warrants concern about the viability of the population,  seek control assistance, and develop treatment plan if possible. 

5. Recreation
Re-direct, reduce or eliminate recreational uses that harm or destroy R. columbiae plants and/or habitat.

· Install barriers, routing devices and/or signage, where necessary, to prevent damage to Columbia yellowcress populations and habitat.

6. Road maintenance
Reduce negative impacts from road maintenance on Rorippa columbiae plants and/or habitat.

· Communicate with county public works department to ascertain which road maintenance activities are occurring in R. columbiae roadside habitat. Inform them of known population locations and develop solutions or alternatives to activities that may adversely impact R. columbiae.  Consult with the managing agency when conducting operations in or near population sites.
· Encourage periodic grading and vegetation management (e.g. mowing and herbicide applications) take place with consideration to the health of R. columbiae population and habitat.

7. Water management and hydrological alteration 
Modify water management practices to support biological and habitat needs of Rorippa columbiae, in addition to other water management objectives.

· Build relationships with water management personnel to communicate the presence of the state candidate species, and collaborate on management actions. 
· Allow high water levels in early spring to reproduce the scouring effects of floods at sites where scouring is a natural hydrological process. This action will help control the establishment of woody vegetation in Columbia yellowcress habitat, and disturb substrate sufficiently to provide habitat for potential R. columbiae germination, establishment and growth.
· Manage reservoir drawdowns and dam releases such that the R. columbiae growing season and sexual reproduction phase is not truncated by habitat inundation too late in the growing season. R. columbiae habitat should be exposed July through October at a minimum, and earlier in summer for some populations.
· For sites that experience daily or hourly peaking practices, try to limit the number of consecutive days that R. columbiae habitat is inundated to less than 5 days during the growing season.

8. 

9. Climate change and natural hydrologic processes
Increase awareness and documentation of changing rainfall and snowpack patterns and trends, and potential impacts on Rorippa columbiae populations.

· Track monthly rainfall and snowfall patterns for Rorippa columbiae population sites and their subbasins. 
· Measure soil moisture and water table depth at R. columbiae sites regularly, over time.

10. Experimental population augmentation
Experimentally augment a wild population, and monitor long-term success of transplants.

· Select a reintroduction / augmentation site that matches known species habitat needs reasonably well, and that includes sufficient microsite heterogeneity.
· Grow ex situ propagules for transplant, and plant in several well-marked patches of 50 plants each at minimum. Plant transplants along elevation gradient such that some plants are lower and some higher on sloped bank.
· Develop a well-designed monitoring plan to evaluate transplant response in the short- and long-term. Survival, growth, reproduction, demographics, metapopulation dynamics and threats should be assessed annually for ten years. 
· Monitor and remove non-native and native vegetative competitors that appear to threaten transplants. Utilize augmentation project as an experimental opportunity to study R. columbiae response to invasive species and vegetative density if possible.  

11. Population Monitoring
Continue annual population monitoring of known Rorippa columbiae sites.

· Continue annual population monitoring to document population trends, and effects of management actions. Monitoring should continue for a minimum of five consecutive years, preferably ten years, to adequately determine trends.
· Any conservation action listed in this section could be monitored to document treatment effect on the R. columbiae population.

12. Additional Surveys
Conduct additional surveys for Rorippa columbiae populations.

· Two recently discovered southern Oregon sites were challenging to locate during 2016 surveys: Summer Lake and Hwy 58 (ORBIC 2016). Attempt to relocate these sites, and to document population and habitat information.
· Survey modern shorelines of Malheur Lake for R. columbiae. The lakeshore and water volume has shrunk dramatically in recent years. In June 2016, the lakeshore was nearly three miles from historic R. columbiae population locations. 
· Land managers should survey additional small lakes, reservoirs, creeks and likely R. columbiae habitat throughout its range. 
· Survey existing sites, particularly recently discovered sites, for additional subpopulations.

13. Relationship-building
Promote relationship-building with land owners and managers in order to communicate the presence of the state candidate species at a site, and collaborate on management actions.

· Public managers: BLM Burns District (Malheur and Harney Lakes), Jackson County (Emigrant Lake), Lake County (Paulina Marsh), US Bureau of Reclamation (Emigrant Lake, Malone Reservoir)
· Public lands grazing permitees:  Forest Service and BLM permittes. 
· Private landowners:  Paulina Marsh ranchers, Stukel Mountain 2 land owner.






MANAGEMENT ACTIONS BY POPULATION – Southern Oregon focus

Emigrant Lake Area

1. Emigrant Lake

· Continue annual population monitoring to document population trends, and effects of management actions. Monitoring should continue for a minimum of five consecutive years, preferably ten years, to provide data for adequate population trend analysis.
· Thoroughly describe and inventory habitat where the three subpopulations occur. Collect and document details about non-native weedy species and recreation threats in and near R. columbiae habitat.
· Build relationships with Jackson County and US Bureau of Reclamation personnel to communicate the presence of the state candidate species at the site, and collaborate on management actions. 
· Address non-native and native vegetative competition that poses a substantial threat to the Columbia yellowcress. Action should include prevention, treatment, and monitoring.
· Install barriers, routing devices and/or signage to prevent damage to R. columbiae populations due to recreational use.
· Collect seed for storage at the Rae Selling Berry Seed Bank.


Sprague River Area

2. Buck Creek Tributary  

· Continue annual population monitoring to document population trends, and effects of management actions. Monitoring should continue for a minimum of five consecutive years, preferably ten years, to provide data for adequate population trend analysis.
· Reduce or preclude livestock utilization of the habitat. Ideally, construct fenced exclosure to reduce trampling and grazing impact in R. columbiae habitat.
· Address non-native and native vegetative competition that poses a substantial threat to the Columbia yellowcress. Action should include prevention, treatment, and monitoring.
· If removal of encroaching overstory vegetation is determined to be beneficial for Columbia yellowcress without causing significant adverse impacts for other desirable species, enact a thinning program that reduces shade in R. columbiae habitat. Ensure restoration actions consider age structure of encroaching vegetation and the broader plant community.
· Identify locations of OHV use along the creek bed. Install barriers, routing devices and/or signage to prevent damage to R. columbiae populations due to recreational use.
· Collect seed for storage at the Rae Selling Berry Seed Bank.



3. Dam’s Canyon 

· Continue annual population monitoring to document population trends, and effects of management actions. Monitoring should continue for a minimum of five consecutive years, preferably ten years, to provide data for adequate population trend analysis.
· Reduce or preclude livestock utilization of the habitat. Ideally, construct fenced exclosure to reduce trampling, grazing and soil erosion impact in R. columbiae habitat.
· Address non-native and native vegetative competition that poses a substantial threat to the Columbia yellowcress. Action should include prevention, treatment, and monitoring.
· If removal of overstory vegetation is determined to be beneficial for the Columbia yellowcress without causing significant adverse impacts for other desirable species, or erosion of canyon slopes, enact a thinning program that reduces shade for the R. columbiae subpopulation that is currently heavily shaded. 
· Collect seed for storage at the Rae Selling Berry Seed Bank.

4. Dam’s Meadow

· Continue annual population monitoring to document population trends and effects of management actions. Monitoring should continue for a minimum of five consecutive years, preferably ten years, to provide data for adequate population trend analysis.
· Reduce or preclude livestock utilization of the habitat. Ideally, construct fenced exclosure to reduce trampling, grazing and soil erosion impact in R. columbiae habitat. 
· Address non-native and native vegetative competition that poses a substantial threat to the Columbia yellowcress. Action should include prevention, treatment, and monitoring.
· Collect seed for storage at the Rae Selling Berry Seed Bank.

5. Sprague River Klamath Lake Land Trust

· Continue annual population monitoring to document population trends and effects of management actions, with particular attention to 2016 transplants that augmented the wild population in Ditch 2. Monitoring should continue for a minimum of five consecutive years, preferably ten years, to provide data for adequate population trend analysis.
· Address non-native and native vegetative competition that poses a substantial threat to the Columbia yellowcress. Action should include prevention, treatment, and monitoring.
· Conduct additional surveys for undiscovered R. columbiae populations on the property.
· Collect seed for storage at the Rae Selling Berry Seed Bank.



6. Sprague River Main

· Continue annual population monitoring to document population trends and effects of management actions. Monitoring should continue for a minimum of five consecutive years, preferably ten years, to provide data for adequate population trend analysis.
· Reduce or preclude livestock utilization of the habitat. Construct temporary fenced exclosures to reduce trampling and grazing impact in R. columbiae habitat.
· Address non-native and native vegetative competition that poses a substantial threat to the Columbia yellowcress. Action should include prevention, treatment, and monitoring.
· If removal of encroaching overstory vegetation is determined to be beneficial for Columbia yellowcress without causing significant adverse impacts for other desirable species, enact a thinning program that reduces shade in R. columbiae habitat. Ensure restoration actions consider age structure of encroaching vegetation and the broader plant community.
· Identify locations of recreational and OHV use. Install barriers, routing devices and/or signage to prevent damage to R. columbiae populations due to recreational use.
· Collect samples of R. columbiae stems displaying purple discoloration and stunted growth patterns (subpopulation #38). Submit samples to Oregon State University Plant Clinic for pathogen analysis. Develop treatment plan if possible.
· Collect seed for storage at the Rae Selling Berry Seed Bank.

7. Sprague River Seput Land Exchange

· Continue annual population monitoring to document population trends and effects of management actions. Monitoring should continue for a minimum of five consecutive years, preferably ten years, to provide data for adequate population trend analysis.
· Address non-native and native vegetative competition that poses a substantial threat to the Columbia yellowcress. Action should include prevention, treatment, and monitoring.
· Collect seed for storage at the Rae Selling Berry Seed Bank.

8. Williamson River Delta

· Continue annual population monitoring to document population trends and effects of management actions. Monitoring should continue for a minimum of five consecutive years, preferably ten years, to provide data for adequate population trend analysis.
· Thoroughly describe and inventory habitat where the R. columbiae population occurs. Collect and document details about non-native weedy species and other threats.
· Collect samples of R. columbiae stems displaying purple discoloration and stunted growth patterns. Submit samples to Oregon State University Plant Clinic for pathogen analysis. Develop treatment plan if possible.
· Collect seed for storage at the Rae Selling Berry Seed Bank.

Lost River Area

9. Stukel Mountain 1

· Continue annual population monitoring to document population trends and effects of management actions. Monitoring should continue for a minimum of five consecutive years, preferably ten years, to provide data for adequate population trend analysis.
· Install barriers, routing devices and/or signage to prevent damage to R. columbiae populations due to recreational use and dumping.
· Address non-native and native vegetative competition that poses a substantial threat to the Columbia yellowcress. Action should include prevention, treatment, and monitoring.
· Reduce or preclude livestock utilization of the habitat. Ideally, construct fenced exclosure to reduce trampling and grazing impact in R. columbiae habitat.
· Collect seed for storage at the Rae Selling Berry Seed Bank.

10. Stukel Mountain 2

· Continue annual population monitoring to document population trends and effects of management actions, including old creek bed below the depression. Monitoring should continue for a minimum of five consecutive years, preferably ten years, to provide data for adequate population trend analysis.
· Build relationship with private landowner to communicate the presence of the state candidate species at the site. Seek funding and/or other assistance to support voluntary stewardship by the landowner.
· Reduce or preclude livestock utilization of the habitat. Ideally, construct fenced exclosure to reduce trampling and grazing impact, as well as prevent OHV recreation in R. columbiae habitat.
· Install barriers, routing devices and/or signage to prevent damage to R. columbiae populations due to recreational use.
· Address non-native and native vegetative competition that poses a substantial threat to the Columbia yellowcress. Action should include prevention, treatment, and monitoring.
· Collect seed for storage at the Rae Selling Berry Seed Bank.

11. Malone Reservoir

· Continue annual population monitoring to document population trends and effects of management actions. Monitoring should continue for a minimum of five consecutive years, preferably ten years, to provide data for adequate population trend analysis.
· Thoroughly describe and inventory habitat where the population occurs. Collect and document details about non-native weedy species and recreation threats in and near R. columbiae habitat.
· Build relationship with US Bureau of Reclamation personnel to communicate the presence of the state candidate species at the site, and collaborate on management actions. 
· Address non-native and native vegetative competition that poses a substantial threat to the Columbia yellowcress. Action should include prevention, treatment, and monitoring.
· Install barriers, routing devices and/or signage to prevent damage to R. columbiae populations due to recreational use.
· Collect seed for storage at the Rae Selling Berry Seed Bank.

Lakeview Area

12. Featherbed Lake

· Continue annual population monitoring to document population trends and effects of management actions. Monitoring should continue for a minimum of five consecutive years, preferably ten years, to provide data for adequate population trend analysis. Document any ongoing ecological threats including insect activity or herbivory.
· Consider Research Natural Area (RNA) and/or Area of Critical Environmental Concern (ACEC) designation to protect population, which is the largest R. columbiae population in the region.
· Reduce or preclude livestock utilization of the habitat. Repair and expand existing exclosure to reduce trampling and grazing impact, as well as prevent OHV recreation in R. columbiae habitat.
· Address non-native and native vegetative competition that poses a substantial threat to the Columbia yellowcress. Action should include prevention, treatment, and monitoring.
· Install barriers, routing devices and/or signage to prevent damage to R. columbiae populations due to recreational use.
· Collect seed for storage at the Rae Selling Berry Seed Bank.

13. Foley Lake

· Continue annual population monitoring to document population trends and effects of management actions. Monitoring should continue for a minimum of five consecutive years, preferably ten years, to provide data for adequate population trend analysis. Document any ongoing ecological threats including insect activity, herbivory, or fungal infection.
· Reduce or preclude livestock utilization of the habitat. Maintain and enlarge existing exclosure to reduce trampling and grazing impact, as well as prevent OHV recreation in R. columbiae habitat.
· Address non-native and native vegetative competition that poses a substantial threat to the Columbia yellowcress. Action should include prevention, treatment, and monitoring.
· Collect seed for storage at the Rae Selling Berry Seed Bank.
14. Paulina Marsh

· Continue annual population monitoring to document population trends and effects of management actions. Monitoring should continue for a minimum of five consecutive years, preferably ten years, to provide data for adequate population trend analysis.
· Communicate with Lake County public works department to ascertain which road maintenance activities are occurring in R. columbiae roadside habitat. Encourage periodic grading and vegetation management (e.g. mowing and herbicide applications) take place with consideration to the health of R. columbiae population and habitat.
· Address non-native and native vegetative competition that poses a substantial threat to the Columbia yellowcress. Action should include prevention, treatment, and monitoring.
· Reduce or preclude livestock utilization of the habitat. Work with local ranchers to develop and implement cattle moving plan that doesn’t cause trampling of roadside R. columbiae populations. 
· Collect seed for storage at the Rae Selling Berry Seed Bank.
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The following is a list of potential research, inventory, and monitoring opportunities developed to further knowledge about Rorippa columbiae. They are not listed in order of priority, and care must be utilized in determining the most pressing questions for evaluation.

Population Monitoring
Ongoing population monitoring is extremely important for all southern Oregon populations. All southern Oregon populations were counted or estimated in 2016, providing a baseline for future understanding of population trends, demography, and species persistence. 

· Conduct annual monitoring on all known populations for a minimum of five years, and as often as funding permits after the first five years. Determine a consistent monitoring protocol for all sites, including stem count and estimation methods, and ensure methodology is documented on survey forms. Kaye (1996) provides a recommended monitoring protocol.  
· Set up permanent transects along an elevation gradient at each site. Long term population and demographic studies that can effectively distinguish between true population declines and year-to-year variation rely on permanent plots and transects (Gehring 1990). Determine a consistent methodology for establishing permanent plots. Gehring (1992) outlines method for establishing permanent plots and transects at Pierce Island, WA. 

Transplanting and monitoring  
It is known that Rorippa columbiae can be cultivated very successfully in a greenhouse for reintroduction purposes (Kentnesse 2017). In 2016, 300 R. columbiae plants were transplanted to experimentally augment a wild population at Oregon’s Sprague River Klamath Lake Land Trust (KLLT) site, in Ditch 2. This is one of the only, and certainly the largest population augmentation effort undertaken for the species. Long-term monitoring is critical to track how well reintroduced populations have established, and to evaluate how populations are responding to infrequent events (e.g. drought) or changes that may take several years to express (e.g. inbreeding depression, soil bank replenishment, et cetera) (Maschinski and Haskins 2012).  

· Develop a monitoring plan and protocols for the KLLT population augmentation project. Maschinski and Haskins (2012) have produced easy-to-follow monitoring guidelines for reintroduction projects that may be of assistance.
· Conduct annual monitoring for a minimum of five years, and ideally ten years. Monitoring should include collection of data on 1) survival of transplants, 2) differences in survival, vegetative or reproductive success between Sprague River-sourced plants versus Paulina Marsh-sourced plants, 3) identification of whether plants have spread beyond rectangular borders of permanent planting plots, and 4) identification of whether Columbia yellowcress plants are growing on east bank of Ditch 2, which would suggest occurrence of dispersal by seed since all plantings took place on west ditch bank.

Demography  
Very little is currently understood about demographic parameters for Rorippa columbiae: birth and death rates, survivorship, life expectancy, immigration, and emigration. The perennial species often behaves like an annual. It frequently experiences population size fluctuations, such that it is abundant in some years, and rare or absent in others. 

· Design and implement a rigorous demographic study that investigates demographic parameters, life stages (seedling, juvenile, and adult), seedbank dynamics, and multiple-year dormancy mechanisms over time.
· Investigate metapopulation dynamics for the species (Crone and Gehring 1998). Select a study site with numerous subpopulations, and that experiences new and extirpated subpopulations each year (e.g. Sprague River Main). Attempt to detect colonization events with certainty through systematic survey methods. Explore whether local plant occurrences are relatively short lived and ephemeral, and whether new areas are colonized as habitat becomes available.

Evaluation of effect of moisture availability 
Understanding the impact of low moisture availability on Rorippa columbiae population size and health is of critical importance. The Pacific Northwest is expected to warm significantly in the next years and decades, which will affect water abundance, timing, and flow velocities (NOAA 2016) at R. columbiae sites. Thus far, one study has looked at potential correlation between annual precipitation and Columbia yellowcress population size (Kaye et al. 1993).

· Identify water rights and appropriation usage patterns for subbasins where R. columbiae sites occur. This work will permit a better understanding of interactions between site hydrology and local water management. 
· Design and implement a rigorous study to evaluate the effect of wet or dry years on R. columbiae population survival, abundance and reproductive success in southern Oregon and/or northern California. Evaluate options for on-site moisture measurements versus weather station or gauge station data. 
· Investigate Columbia yellowcress physiological response to drought stress, and whether water availability affects the species’ phenotypic plasticity (Gehring 1992).

Evaluation of effect of cattle grazing and trampling
Existing research and observations suggest that cattle presence depresses Rorippa columbiae stem counts. However, experimental study has been limited, and much remains unknown about livestock impacts on R. columbiae plants and habitat.

· Closely monitor cattle behavior to identify whether grazing is occurring, and whether cattle remove shoots or pull up some of the root systems.
· Investigate the effect of trampling explicitly on R. columbiae survival and success.
· Select site(s) to install new cattle exclosures and monitor stem counts inside and outside the exclosure for several consecutive years.

Evaluation of effect of invasive species competition
Aggressive, non-native species occur in many R. columbiae sites, and may be out-competing the taxon for habitat resources such as water, nutrients, light, and space. Very little research has been conducted to understand the impact of specific invasive species on R. columbiae population dynamics. No experimental field trials have yet occurred to generate support for the hypothesis that certain invasive species’ expansion are causing R. columbiae population declines.

· Select site(s) for research on vegetative competition. The KLLT site may be ideal for experimentation due to the abundance of native and invasive competitors in Ditch 2, and the flexibility of private land ownership to implement weed treatments and experimental protocols. USFS Sprague River Main or Seput Land Exchange sites may also serve as useful experimentation sites with an abundance of weedy species. 
· Evaluate the impact of removing competing non-native or native species on R. columbiae population size and fecundity by using controlled, experimental field plots. Establish multi-year monitoring program to observe effect over time. 
· Assess appropriate weed treatment options for each species that poses a substantial threat to the Columbia yellowcress. Establish limited-application trial plots to evaluate feasibility of control methods. 

Genetic Testing 
The level of genetic variability among populations and rangewide must be known to satisfactorily manage the species. Genetic variability is indicative of sexual versus asexual reproduction strategies, inbreeding levels, and the degree of genetic divergence between regional centers or stand-out populations (Gehring 1990).   

· Evaluate the magnitude of genetic variability among Rorippa columbiae populations by using current molecular methods. Ensure usage of Columbia River Gorge material since gene flow is likely non-existent between regional populations. Ensure usage of Paulina Marsh genetic material as well, since the population possesses several distinctly large characters that differentiate it from other populations within the southern Oregon and northern California region. Compare results to the genetic variability of the closely-related species Rorippa subumbellata if possible (Hamrick et al. 1991).
· Conduct a common garden transplant experiment with Paulina Marsh and other sites’ material to test if there is a genetic component to Paulina Marsh’s superior growth, fruit and seed sizes.



Reproductive Biology  
Knowledge of Rorippa columbiae’s reproductive biology is critical to the species’ conservation and management. Recent biological research (Kentnesse 2017; Meinke 2002) has significantly boosted what is known about R. columbiae life history strategies, yet there are several key areas still in need of study.

· Conduct robust pollinator exclusion field study to help confirm the current understanding of Rorippa columbiae’s mating system. In addition, ascertain the viability of autogamous or geitonogamous seeds. This knowledge is critical to understanding whether the taxon requires outcrossing to produce viable seed.
· Determine the length of ex situ or in situ seed viability for R. columbiae seeds.
· Examine clonal plant tissue under a microscope and investigate whether underground structures are root or rhizome tissue. 
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This conservation assessment should be reevaluated and revised when new information is discovered that affects the ability of managers to provide for conservation of this species. This may include, but is not limited to, information about genetic conservation, mating system, germination ecology, phenology, range and distribution, new and extirpated population occurrences, demographic analyses, reintroduction and population augmentation methods, biological symbioses, effects of disturbance, habitat requirements, and threats to the species, including effects of climate change. A periodic literature review should be conducted to determine if new information on the species is available.
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