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[bookmark: Disclaimer]
Disclaimer
This Conservation Assessment was prepared to compile the published and unpublished information on Sanicula marilandica.  It does not represent a management decision by the U.S. Forest Service or Bureau of Land Management.  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 this species, please contact the Interagency Special Status/Sensitive Species Conservation Planning Coordinator in the Portland, Oregon Forest Service Region 6 and OR/WA BLM offices (http://www.fs.fed.us/r6/sfpnw/issssp/contactus.)

Executive summary
[bookmark: _Toc93898600]Species and Taxonomic Group
Sanicula marilandica. Maryland sanicle, Maryland black-snakeroot.  Taxonomic group: Vascular Plants.

Management Status
NatureServe ranks Sanicula marilandica with a Global Heritage Rank of G5 (demonstrably widespread, abundant and secure).  It is not federally listed as threatened or endangered, nor is it proposed for such listing. 

The Interagency Special Status/Sensitive Species Program identifies Sanicula marilandica as Sensitive in Washington State on the Region 6 Regional Forester Special Status Species List (July 13, 2015) and on the OR/WA BLM Special Status Species List (July 13, 2015).  The Washington Natural Heritage Program (2015) ranks this species as S2 (imperiled - at high risk of extirpation in the state due to restricted range, few populations or occurrences, steep declines, severe threats, or other factors) and State Sensitive (vulnerable or declining and could become Endangered or Threatened in the state).  

[bookmark: _Toc93898601]Range & Habitat
Sanicula marilandica occurs across North America, from British Columbia east to Newfoundland and South to Florida, Missouri and New Mexico.  It is peripheral in Idaho and Washington.  It occurs only in northeastern Washington. Thirty-six known populations scatter across Okanogan, Ferry, Stevens, Pend Oreille and Spokane counties in northeastern Washington.

Over its range, Sanicula marilandica classifies as a Facultative Upland species (non-hydrophyte, usually occurs in non-wetlands, but may occur in wetlands).  In Washington it classifies as a Facultative species (hydrophyte, occurs in wetlands and non-wetlands). In Washington, it occurs in riparian floodplains, moist low grounds of meadows and woods, along marsh edges and in seepy areas.  It often occurs under moderate to dense shrub layers, in very shady habitats.



[bookmark: _Toc93898602]Threats 
Across its range, Sanicula marilandica is secure overall, but Washington populations occur on the very western extent of its range, making it more vulnerable to the number of natural and management threats that it faces.  These threats include changes in hydrology, livestock impacts, invasive plant species and treatments, timber harvest, road building and maintenance, campgrounds/social trails, fire, competition with other species, mining and Off-Highway Vehicle (OHV) use.

In Washington, the majority (83%) of Sanicula marilandica sub-populations occur on federal land (USFS/BLM).  Eight percent of the populations occur on state land (WDFW/DNR) and the remainder (10%) occur on private land.  

[bookmark: _Toc93898603]Management Considerations
Little research exists for management approaches for Sanicula marilandica.  This assessment addresses each threat and gives management considerations for the species based on habitat analysis and observation of past responses.  The management considerations include actions such as buffering populations from ground disturbance and invasive species treatments, reducing livestock disturbances, and preserving the hydrology and shade components of Sanicula marilandica habitat.

Research, Inventory, and Monitoring Opportunities
Large data gaps exist for Sanicula marilandica with regard to simple life history traits, ecological requirements and response to management activities.  Research in these areas would provide needed information for conservation.  

Further development of Landtype Association, and soil and cation exchange capacity (CEC) analysis may provide a better picture of habitat requirement for the species.  These could lead to habitat models that would foster more productive survey efforts for Sanicula marilandica.  

Many sub-populations of Sanicula marilandica lack any monitoring of population size and vigor.  This information is critical in assessing the status of the species within the state.  Further, several populations have experienced wildfire in recent years.  These populations provide an excellent opportunity for formally monitoring the species’ response to wildfire.
[bookmark: _Toc93898604][bookmark: _Toc93898606]
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I.  Introduction
[bookmark: _Toc93898607]A.  Goal
The goal of this conservation assessment is to summarize existing knowledge regarding the biology and ecology of Sanicula marilandica, threats to the species, and conservation considerations to aid federal management for species persistence.
 
This species is of conservation concern because of its low number of populations, limited distribution in Washington State, vulnerability from environmental processes, and impacts from anthropogenic disturbance.
[bookmark: _Toc93898608]
Federal management for this species follows Forest Service Region 6 Sensitive Species (SS) and OR/WA BLM Special Status Species (SSS) policies.

B.  Scope
This assessment summarizes existing knowledge of a relatively little known vascular plant.  The geographic scope of this assessment includes consideration of the known and suspected range of the species in Washington State, with an emphasis on its status on federal lands.  However, information compiled from nonfederal lands is included as it is relevant to the overall conservation of the species. 

There has been a recent effort to survey and monitor this species to gain information with respect to distribution and habitat.  We expect information updates will be necessary to keep this assessment current. Also, threats named here summarize known or suspected existing threats, which also may change with time. Uncertainty and inference is acknowledged when appropriate.
[bookmark: _Toc93898609]
C.  Management Status
NatureServe ranks Sanicula marilandica with a Global Heritage Rank of G5 (demonstrably widespread, abundant and secure).  It is not federally listed as threatened or endangered, nor is it proposed for such listing. 

The Interagency Special Status/Sensitive Species Program identifies Sanicula marilandica as Sensitive in Washington State on the Region 6 Regional Forester Special Status Species List (July 13, 2015) and on the OR/WA BLM Special Status Species List (July 13, 2015).  The Washington Natural Heritage Program (2015) ranks this species as S2 (imperiled - at high risk of extirpation in the state due to restricted range, few populations or occurrences, steep declines, severe threats, or other factors) and State Sensitive (vulnerable or declining and could become Endangered or Threatened in the state).  

Rankings can change over time, and the most up-to-date information for these sources can be found at the following websites:
NatureServe:  www.natureserve.org
Washington Natural Heritage Program:  www.dnr.wa.gov/nhp/refdesk/plants.html
Forest Service/BLM:  www.fs.fed.us/r6/sfpnw/issssp/agency-policy/


Management for this species on National Forest System lands follows Forest Service Sensitive Species policy (Forest Service Manual 2670).  The objective of this policy is to maintain viable populations of all native and desired non-native wildlife, fish, and plant species in their geographic range on National Forest System lands and to develop and implement management actions to ensure that species do not become threatened or endangered. For OR/WA BLM administered lands, Special Status Species policy (BLM Manual 6840) details the need to manage for species conservation.

 
[bookmark: _Toc93898610]II. Classification and Description
A.  Systematic and Synonymy
Botanists first collected Sanicula marilandica in the early 1700’s in Virginia and Maryland.  Early volumes by Gronovius and Linnaeaus described Sanicula marilandica, but confusion remained about the type specimen until 1986.  James Reveal (1986) sorted through the early specimens and descriptions and designated lectotypes for Sanicula marilandica and Sanicula canadensis.  The lectotype is a specimen that was collected in 1734 by John Clayton in Virginia and is housed at the Natural History Museum at London (Appendix A).

Kingdom:	Plantae (Plants)
Division:	Magnoliophyta (Flowering Plants)
Class:		Magnoliopsida (Dicotyledons)
Order:		Apiales (Carrot Order)
Family:  	Apiaceae/Umbilliferae (Carrot Family)
Genus:		Sanicula (Sanicle)
Species:	marilandica

Synonyms:  	Caucalis marilandica (L.) Crntz, Sanicula canadensis L. var. marlandica L., Sanicula marilandica L. var. petiolulata Fern., Sanicula marilandica L. var. borealis Fern., Triclinium marilandica (L.) Raf. (unconfirmed synonym, possibly European).
 	
Common names: Maryland black-snakeroot, Maryland sanicle.
[bookmark: _Toc93898612]
B.  Species Description
This herbaceous perennial is fibrous rooted and has a cluster of leaves from the base.  The leaves are palmately compound or 5-7 parted.  The inflorescence stands taller and becomes branched in the upper part.  The cauline leaves gradually reduce upward on the inflorescence.  The umbels occur at the end of each branch.  They are globe-like, less than 1 cm wide, and have 15-25 greenish-white flowers, some being wholly staminate.

In Washington, other Sanicula species have taproots and are yellow or purple flowered, so Sanicula marilandica is distinctive with greenish-white flowers and fibrous roots.  Basal leaves of Trautvetteria caroliniensis can superficially resemble the basal leaves of Sanicula marilandica, so careful observation is necessary (Camp and Gamon 2011).  

[image: ]
[bookmark: _Toc87427912][bookmark: _Toc93136609]Figure 1. Line drawing of Sanicula marilandica from Hitchcock et al. 1961. © 1961 Reprinted by permission of University of Washington Press.  


The following technical species description is adapted from Douglas et al. (1998):
Description: 
General: Perennial herb from fibrous roots; stems solitary, erect, 0.4-1.2 m tall, branching above.  
Leaves: Alternate; basal and lower stem leaves palmately 5- to 7- parted or compounded, long-stalked, the blades 4-12 cm long, 6-15 cm wide, the leaflets sharply toothed and sometimes shallowly lobed, becoming sessile.
Flowers: Inflorescence of terminal umbels less than 1 cm wide in flower; flowers greenish-white; involucels deeply cleft.
Fruits: Egg-shaped, 4-6 mm long, covered with numerous basally thickened, hooked prickles.

The following technical species description is from Hitchcock et al. (1961):

“Perennial with a cluster of fibrous roots from a short simple caudex or crown; stem solitary, erect, mostly 4-12 dm. tall, generally branched only above; basal and lowermost cauline leaves long-petiolated, the blade 6-15 cm. wide, palmately 5- to 7-parted or palmately compound, the segments or leaflets sharply toothed and sometimes shallowly lobed, or some of them (especially the two lateral ones in a 5-parted leaf) often more or less deeply bifid; cauline leaves usually several, gradually reduced upwards and becoming sessile; ultimate umbels about 1 cm. wide or less at anthesis, greenish-white, subtended by a few minute narrow bractlets, mostly 15- to 25-flowered, the staminate flowers more numerous than the perfect ones, or some umbellets all staminate; calyx lobes firm, lance-triangular, attenuate, slightly connate at the base; styles elongate, often persistent and longer than the prickles of the fruit; fruit ovoid, 4-6 mm. long, 3-5 mm. wide, covered with numerous uncinate, basally thickened prickles, the lower ones rudimentary; mericarps subterete in cross-section.”

The following technical species description and line drawings are from Pryer and Phillipe (1989):

“Branches of inflorescence stout.  Umbellets dimorphic, some polygamous and others staminate only.  Polygamous umbellets with 12-120 flowers, usually 3-4 of these hermaphrodite and 9-117 staminate.  Pedicels of staminate flowers 2-4 mm long.  Hermaphrodite flowers sessile to subsessile.  Calyx lobes 1-2 mm long, rigid, narrowly triangular to subulate with indurate, straight, sharp-pointed tips; less than the lower ¼ of calyx connate.  Sepals on mature fruit inconspicuous among the uppermost bristles.  Petals greenish white, about equal to or slightly longer than calyx.  Stamens long-exserted from calyx.  Styles more than twice as long as calyx, conspicuously exserted and recurved.  Fruits 4-6 mm long, 4-7 mm wide, ovoid, sessile to subsessile.  Bases of fruit bristly stout, prominently bulbous, and with a minutely warty-reticulate surface pattern.  Margins of inner seed face of mericarp wrinkled.  Commissural scar elliptical.”


[image: ]


[bookmark: _Toc93898613]Figure 2. Line drawing of Sanicula marilandica from Pryer and Phillipe (1989).  © 1989 NRC Research Press.  Reproduced with permission.




III. Biology and Ecology
[bookmark: _Toc93898614]A.  Life History 
1) Life History and Strategy
Sanicula marilandica, an herbaceous perennial, lives in relatively stable environments where it persists for long periods of time.  It is unknown how long individuals live, but populations can exist in proper habitat for decades.

2) Plant Reproduction
Charles Robertson (1892) described the reproduction of Sanicula marilandica:
“The umbels contain 1 to 4 hermaphrodite flowers surrounded by from 20 to 70 male flowers. The styles of the hermaphrodite flowers are strongly exserted from the start, and, although without receptive stigmas at first, the stigmas develop before dehiscence, so that the flower is proterogynous. When the stamens become dehiscent, the styles are strongly recurved, holding the stigmas down against the sides of the ovary. Sometimes the petals hold an anther so firmly between them that it is not released until it has lost its pollen.”

Sanicula marilandica is hermaphroditic, meaning it contains male and female floral parts within the same flower.  It also has many more strictly male flowers.  This shows the plant is investing in pollen, to ensure pollination of the few female flowers.  Robertson’s word, “proterogynous”, now known as protogynous, refers to the timing of the maturity of the male and female sex organs.  Protogynous plants have female parts (style and stigmas) that mature before the male parts (stamens).  This strategy of reproduction encourages geitonogamy, or pollination from different flowers, even if it is within the same plant.

Sanicula marilandica does not exhibit any qualities of a plant that reproduces vegetatively.  It is also not known how long plants take to become sexually mature.  Investigation of the siting reports from Washington shows that a large proportion of populations remain vegetative (68% vegetative, an average of 25 representative populations) when other parts of the population are seeding or dispersing.  It is unknown whether the vegetative plants remain immature, or are not flowering/seeding for other reasons. Sanicula marilandica blooms between May and July with fruits identifiable from June to mid-August.

3) Pollinators and Pollination Ecology
Members of the Apiaceae family generally exhibit promiscuous pollination strategies.  The structure of the umbel (clustered flowers) provide a surface for any number of insect pollinators to walk and distribute pollen from flower to flower.  Robertson (1892) observed pollinators for a number of species in the Apiaceae, including Sanicula marilandica.  In a three day period, he noted pollination in Sanicula marilandica by one saw fly (Tenthredinidae), two wasps (Eumenidae), 10 mining bees (Andrenidae), 1 bee (Apidae), 2 hover flies (Syrphidae), 7 house flies (Muscidae) and 2 true bugs (Hemiptera).  Clearly, Sanicula marilandica utilizes many types of pollinators.

4) Seed Ecology
Douglas et al. (1998) described Sanicula marilandica seeds as, “egg-shaped, 4-6 mm long, covered with numerous, basally thickened, hooked prickles.”  This morphology suggests dispersal by attaching to animal fur.  In fact, Kulbaba et al. (2009) used Sanicula marilandica as a known epizoochorous diaspore (seed carried externally by animals, attached by hooks, barbs or spines) in a study investigating adhesion and retention of different burrs and furs. Many different species of animal, wild or domestic, may disperse the seeds of Sanicula marilandica; any creatures wandering through habitat can become vehicles of seed dispersal.  Some siting reports suggest that cattle may be one of the dispersers of Sanicula marilandica seed (Baraibar 2016).  Incidentally, private landowners in Washington State have reported that “deer graze on the plants, grouse eat seeds in September” (EO 047).

Hawkins et al. (2007) studied the germination phenology of six different herbaceous, Apiaceae species, including three species of Sanicula, but not S. marilandica. They found that these species were able to germinate the spring following a fall germination, and then to also germinate up to 4 or 6 years later, depending on the species.  This shows that these Sanicula species can form a persistent soil seed bank.  Due to the similar nature of S. marilandica to these other Sanicula species, it can be inferred that S. marilandica also produces seeds that can delay germination and thus produces a soil seed bank.
    
5) Genetics
Populations on the margins of their extent often develop genetic distinction (Hampe and Petit 2005). The processes of genetic drift and natural selection cause divergence in isolated and peripheral populations.  The rate of divergence is shaped by spatial distance, life history traits that promote isolation, time, and ecological forces that place directional selection pressures on populations (Lesica and Allendorf 1995).  Conservation of species depends on protecting the genetic variability present within a population as a whole, which places more emphasis on the conservation of populations in the margins of their ranges. 

Populations of Sanicula marilandica in Washington represent the very western margin of its range (see Range Map – Figure 3).  Populations occur in adjacent Idaho and British Columbia, but in these two jurisdictions they are also considered rare (see Range, Distribution and Abundance section).  These isolated populations could represent important genetic material for the species as a whole.

6) Phenology
Sanicula marilandica bloom between May and July in Washington State.  They bear seed between June and mid-August.  These blooming and seeding phases help make these plants more easily recognizable because the flower/seed stalks rise above the lower vegetative layer.

	
[bookmark: _Toc93898615]

B. Range, Distribution and Abundance 
Sanicula marilandica ranges across North America, in Canada from British Columbia across to Newfoundland, excluding the Northern provinces and territories.  In the contiguous US, it concentrates around the Great Lakes in the north, extending down the east coast to Florida. In the south, it extends to the west to Louisiana, then north again to Nebraska.  It runs down the Rocky Mountains in Wyoming and south through Colorado and New Mexico. Populations extend west into Montana and become peripheral in Idaho and Washington (see Figure 3).

[image: ]

Figure 3.  Range of Sanicula marilandica in North America, from Pryer and Phillipe (1989).  © 1989 NRC Research Press.  Reproduced with permission.





The species is considered apparently secure or secure in the core jurisdictions where it occurs.  However, several jurisdictions rank Sanicula marilandica as a rare species (Table 1).

Table 1.  Conservation Status of Sanicula marilandica in select jurisdictions across its range in North America.
	State/Province
	Rank
	Rank Definition
	Reporting Party/
Reference Year

	Washington
	S2
	Sensitive. Imperiled because of rarity or because it is vulnerable to extinction or extirpation; typically 6 to 20 occurrences.
	Washington Natural Heritage Program/
2015

	Idaho
	S3
	Rare, with 21 to 80 occurrences.
	Idaho Native Plant Society/2016

	Louisiana
	SH
	Of historical occurrence in Louisiana, but no recent records verified within the last 20 years; formerly part of the established biota, possible still persisting.
	Louisiana Department of Wildlife and Fisheries/2014

	Maryland
	S3
	Watch List. Rare to uncommon with the number of occurrences typically in the range of 21 to 100 in Maryland. It may have fewer occurrences but with a large number of individuals in some populations, and it may be susceptible to large-scale disturbances. Species with this rank are not actively tracked by the Wildlife and Heritage Service.
	Maryland Department of Natural Resources/
2010

	Delaware
	S1.1
	To date, only a single extant occurrence or population of this species is known to exist in the state. 
	Delaware Natural Heritage Program/
2001

	Prince Edward Island, Canada
	S3
	Species is at moderate risk of extirpation due to restricted range, relatively few populations, recent and widespread declines, or other factors.
	Atlantic Canada Conservation Data Centre/Mazerolle 2016

	British Columbia, Canada
	S3
	Species is at moderate risk of extirpation due to restricted range, relatively few populations, recent and widespread declines, or other factors.
	Atlantic Canada Conservation Data Centre/Mazerolle 2016

	Newfoundland, Canada
	S3
	Species is at moderate risk of extirpation due to restricted range, relatively few populations, recent and widespread declines, or other factors.
	Atlantic Canada Conservation Data Centre/Mazerolle 2016





In Washington, Sanicula marilandica occurs only in the northeastern portion of the state.  Thirty-six known populations (consisting of 104 sub-populations) scatter across Okanogan, Ferry, Stevens, Pend Oreille and Spokane counties (Figure 4).

[image: ]Figure 4.  Distribution of Sanicula marilandica in Washington State.

Idaho reports Sanicula marilandica as sparse (21-80 populations) and only in its 3 most northerly counties, Bonner, Boundary and Kootenai Counties (Idaho Native Plant Society 2016).  British Columbia reports S. marilandica mostly from scattered locations in southeastern BC (Klinkenberg 2015). Sanicula marilandica has not been reported west of the Cascade Mountain Range in either Washington or British Columbia.  

It seems that these 100 or so populations west of the Rocky Mountains, occur with a large amount of isolation from the core population east of the Rockies in both Canada and the contiguous United States. Not enough historical data exist to show population trends.  It remains unclear whether these western populations are a part of continued western expansion, form a stable population, or represent relic populations from a shrinking range.  





[image: ]Figure 5.  Distribution of Sanicula marilandica in Northeast Washington. Large map box shows area surrounding the Colville area.  The lower middle map is north of Winthrop in Okanogan County, and the small map in the lower right shows the Spokane area. (DNR lands here include WDFW lands.)



In Washington, the distribution of Sanicula marilandica is limited within its predicted range. For example, in the 2.5 miles of surveyed habitat in the West Fork San Poil River drainage, four small sub-populations (EO 054) were found (Heinlen 2016).  They occur in small patches (100-300 ft. sections), along the river bank within that 2.5 mile stretch.  Similar limited distribution occurs along the Chewuch River. Ten sub-populations of EO 008 occur along a seven mile stretch of the river.  The local botanist states that the wide flood plain of the river seems to be contiguous habitat, yet the Sanicula marilandica only inhabits a small fraction of the habitat (Baraibar 2016).  Botanists on the Colville National Forest also agree that the majority of their populations appear to occupy a small fraction of the available habitat (Cabral 2016).  Cabral states that one population (EO 053), for example, occupies between 25-33% of the available habitat.

The known populations are scattered geographically as well.  The map of NE Washington shows a cluster of populations in the NE area around Colville.  The location near Spokane seems quite isolated and the populations further west also seem spread out (Figures 4 and 5).  Table 2 shows the approximate distances of these populations to their nearest known populations.  (Distances approximated using ArcMAP measuring tool.)  

Table 2.  Distance between isolated Sanicula marilandica populations in Washington State.

	Isolated Population
	Distance
	Nearest Population

	Spokane EO 032
	49 miles
	Priest River EO 012

	San Poil EO 054
	32 miles
	Curlew EO 035

	San Poil EO 054
	36 miles
	Doheney Lake EO 045

	Doheney Lake EO 045
	23 miles
	Chewuch River EO 008



Isolation can be detrimental to species viability due to reduced gene flow (Rogers and Montalvo 2004).  No data exists to show what minimum distance Sanicula marilandica requires to assure gene flow with other populations through pollination strategies or seed dispersal.  Little information exists on isolation distances.  Looking to agriculture, analysis of seed certification standards show minimum required distances between fields to ensure pure seed.  Washington standards for crop species range from three feet for inbreeding species to a maximum of two miles for species with pure cross-pollinating strategies (Washington State Legislature 2016).  If two miles represents population isolation in crop species, then the distances shown in Table 2 would surely represent isolated populations of Sanicula marilandica.  This would only hold true, of course, if there were no unknown populations occurring between these populations.  But it also seems unlikely that enough unknown populations occur between all of these populations to create gene flow corridors over these distances.  Some isolation seems very likely. 
[bookmark: _Toc93898616]



C. Population Trends
The first known population of Sanicula marilandica was reported in Washington in 1970 in the Boundary Dam area along the Pend Oreille River in Northeast Washington.  Since then, 103 more sub-populations that make up 36 populations (Element Occurrences (EOs)), have been reported.

Analysis of the population data (Appendix B) shows wide fluctuations.  For example, EO 005 was first reported in 1992 with 140 plants (two sub-populations of 10 and 130 plants).  In subsequent surveys no plants were found in either sub-population.  Then in 2007, 114 plants (13 and 101) were found.  Similarly, one sub-population (8.5) of EO 008 had 300 plants in 1992, no plants located in 2005, and then 800 plants in 2014.  Were these populations really not present in those 0 count years?  Did they die out and then reintroduce into the area?  Are natural fluctuations in population dynamics occurring?

The population data seems, then, really difficult to assess.  Many factors play into this difficulty.  The plants occur in areas of thick shrub and herb layers.  In short, the plants are hard to see.  Similarly, the leaves and flower stalks of individual plants spread out among the tangle of vegetation, so individual plants are hard to count.  Over the years, different observers have counted clumps and some have counted stems, so large discrepancies in population numbers have been recorded.  Different observers also have different abilities and skills, so some populations may have been missed or miscounted because of observer error. In addition, managers have combined sub-populations that occur in a geographic area into one Element Occurrence (EO), so the size and extent of those sub-populations are harder to track.  Similarly, as revisits have taken place, additional sub-populations have been found and added to established EOs, increasing the overall population size of the EO, which may confuse the understanding of whether the other sub-populations are increasing or declining.  

All these human factors cloud the ability to clearly see population trends, but it is also unknown whether the species has natural fluctuations in its population dynamics and, if so, what factors may affect those.  

Analysis of the population trend data does show some important population dynamics. Table 3 shows the summary of some of the population information.



Table 3.  Summary of Population Data for the Element Occurrences of Washington State.

	
	Populations
	Sub-populations

	Total number
	36
	104*

	Extirpated
	3
	6

	No trend data (only one siting)
	12
	43

	10 or less plants at last known record
	4
	11

	11 to 50 plants in sub-population
	
	35

	51 to 100 plants in sub-population
	
	10

	Downward trend in population data
	1
	3

	Stable or Increasing trend in population data
	19
	51


 *Sub-population number includes the populations that have only one known location, so this represents the total number of geographic locations of the species.

Three EOs (028, 037, and 046) appear to have been extirpated.  EO 028 occurred in a road ditch at a fish hatchery at a moderate population level (26 plants), but in 4 subsequent surveys, could not be found.  EO 037 was found near a bridge that was proposed for construction. The area was also disturbed by a wildfire.  In 2015, it was determined to be extirpated by the local botanist.  These two populations were probably affected by human disturbance factors.  The third extirpated population, EO 046, was found in a hawthorn thicket along a creek.  It has not been found again in two survey efforts.  The original population size was 2 plants.  It remains unclear why this population did not survive.  

All three of these extirpated populations occurred in locations isolated from other known populations (see map, Figure 4).  EO 028 occurred approximately 5 miles from its nearest known population.  EO 037 occurred approximately 10 miles and EO 046 occurred approximately 14 miles from their nearest known populations.  The first two populations occur within management areas that have had targeted surveys for Sanicula marilandica, and the third population occurred with the Colville city limits, so surrounding habitat has been altered through urbanization and agricultural practices.  These populations were likely highly isolated.  As discussed earlier, these populations probably did not become extirpated because of their isolation, but it will be unlikely that this species will reestablish in these habitats due to the lack of a source population, unless a persistent soil seed bank exists.

Small population size seems to be a common factor in the populations that have been extirpated in Washington State.  Rogers and Montalvo (2004) report that small or isolated populations may be at increased risk for lowered viability due to genetic drift.  Unfavorable alleles may be fixed or expressed at higher rates by increased inbreeding due to smaller numbers of potential mates.  In general, increasing homozygosity due to inbreeding leads to reduced reproduction and survival and ultimately to increased risk of extinction. 

Table 3 shows that 11 sub-populations (11%) have one to ten plants, 35 sub-populations (34%) have 11 to 50 plants and an additional 10 sub-populations (10%) have between 51 and 100 plants.  This means that 56 sub-populations (54%) have less than 100 plants.  While it remains unclear how small is too small when it comes to population size, it can be suggested that some of these smaller populations could be at higher risk of extirpation, especially those that are also isolated. 

Only one population (made of three sub-populations) seems to be in serious decline.  In the 1990’s this population (EO 020) had close to 800 plants.  The most recent count (2015) shows 44 plants.  Comments regarding this population reveal that counting error, heavy livestock trampling and grazing, and the habitat becoming drier have all likely influenced this decline (Ahlenslager and Cabral 2016).

Twelve populations (43 total sub-populations) have only been counted once, so no trend can be assessed to these.  In addition, 6 sub-populations only have “present” listed as the most recent count.  These also cannot be assessed with regard to population trend.  The remaining populations (19/36 or 53%) remain stable or are increasing within Washington State.

The highly variable population count data makes interpreting population trends very difficult.  It is recommended to carefully monitor declining populations for several years, with consistent methodology, before claiming that a population has been extirpated.  
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Over its range, Sanicula marilandica classifies as a Facultative Upland species (non-hydrophyte, usually occurs in non-wetlands, but may occur in wetlands).  The habitat descriptions from the core of its population in the eastern US and Canada tend to be more generalized, for example the Minnesota Wildflowers (Chayka 2016) website shows the habitat as, “part-shade, shade; deciduous woods, moist forests.”  In eastern Canada, Pryer and Phillipe (1989) describe the habitat as “open deciduous woods, moist wooded riverbanks, dense alder-willow thickets, cedar swamps, along margins of woods, wet-mesic prairies, limestone barrens, railroad embankments, and abandoned roadways.”

In Washington it classifies as a Facultative species (hydrophyte, occurs in wetlands and non-wetlands).  In 1961, before much of the species was known in the Pacific Northwest, Hitchcock et al. (1961) offered a generalized habitat description as, “moist low ground, less often on moist wooded slopes.”  Since then, more detailed descriptions have been written, based on known locations in the Pacific Northwest.

For Idaho, Bursik (1992) described, “In Idaho, black snake-root is most common in the wooded margins of broad riparian zones in areas that are periodically flooded.  The forests supporting black snake-root are generally dominated by cedar and hemlock, although I observed it in mixed, seral stands as well.  In all cases, it occurs on very moist to wet soils.  It is often associated with thicket-forming shrub species such as Spiraea douglasii, Symphoricarpos albus, and Alnus incana, although it usually occurs in the margins of dense shrub communities.  Other associated species include Clintonia uniflora, Viola glabella, Linnaea borealis, Cornus canadensis, Rosa gymnocarpa, and Asarum caudatum.  On the south end of Upper Priest River 009, black snake-root occurs in a moist, old-growth forest of cedar and hemlock with Oplopanax horridum, Athyrium felix-femina, Streptopus amplexifolius, Trautvetteria caroliniensis, and Equisetum arvense.” 

In British Columbia, Douglas et al. (1998) describes, “Wet to moist streambanks, meadows, mineral-rich seeps, hot springs and woodlands in the steppe and montane zones.”

For Washington, Camp and Gamon (2011) offer, “Moist, low ground of meadows, riparian flood plains, moist woods, and marsh edges.  Some WA occurrences are on calcareous substrates.  Elevations in WA: 450-1100m (1500-3600 ft).  Associated species include Engelmann spruce (Picea engelmannii), western redcedar (Thuja plicata), black cottonwood (Populus balsamifera ssp. trichocarpa, quaking aspen (Populus tremuloides), water birch (Betula occidentalis), mountain alder (Alnus incana spp. tenuifolia), red-osier dogwood (Cornus sericea), twinflower (Linnaea borealis), and wild sarsaparilla (Aralia nudicaulis).  S. marilandica probably withstands moderate flooding, given its occurrence within floodplain habitats.”

For this Conservation Assessment, analysis of Element Occurrence data was made for Constancy Tables found in Appendix C.  The most common species at Sanicula marilandica sites in Washington include Cornus sericea (81.5%) and Symphoricarpos albus (70.4%).  Other shrubs, Amelanchier alnifolia, Rosa spp. and Rubus parviflorus var. parviflorus, also show strong association at 51.9%.   This emphasizes the dense shrubby component that signifies Sanicula marilandica habitat. Lower shrubs and forbs, including Maianthemum stellatum (63%), Linnaea borealis (59.3%) and Cornus canadensis (55.6%) also make strong associations with Sanicula marilandica.  Thuja plicata and Picea englemannii are the tree species that show the greatest correlation with Sanicula marilandica (59.3% and 44.1%, respectively.)  Interestingly, the shrub component shows stronger correlation than the overstory component.

My analysis revealed that there are two differing habitat types that Sanicula marilandica inhabits in Washington.  The Spokane and Okanogan County populations seem to occur in drier habitats with more open canopies, dominated by Douglas-fir or aspen overstories.  Most of the populations in the Colville area occur in much wetter western redcedar type habitats.  To isolate these differences, three different constancy tables are presented in Appendix C.  One shows constancy for all sites in Washington, the other two separate the Colville sites from the non-Colville sites.

Further analysis of the Element Occurrence data shows that only 21 of 36 Sanicula marilandica populations (50 of 104 sub-populations) have Plant Association data associated with them.  Table 4 summarizes these findings. The western THPL/ARNU2 (redcedar/wild sarsaparilla) association accounts for 66% of all the sites with data.  Sanicula marilandica clearly inhabits areas of this forest type, especially in the Colville region.  Another correlation appears with POTR5 (quaking aspen) plant associations, with seven sub-populations occurring within the three different POTR5 associations. 

Table 4.  Plant Association data for 50 sub-populations (21 populations) of Sanicula marilandica in Washington State.  

	Plant Association Code
	Plant Association
	Occurrences


	THPL/ARNU2
	Thuja plicata/Aralia nudicalis
Western redcedar/wild sarsaparilla
	33

	POTR5/SYAL
	Populus tremuloides/Symphoricarpos albus
Quaking aspen/snowberry
	4

	POTR5/BEPA
	Populus tremuloides/Betula papyrifera
Quaking aspen/paper birch
	2

	THPL/CLUN
	Thuja plicata/Clintonia uniflora
Western redcedar/bride’s bonnet
	2

	THPL/OPHO
	Thuja plicata/Oplopanax horridus
Western redcedar/devil’s club
	2

	ALIN2/SYAL
	Alnus incana/Symphoricarpos albus
Mountain alder/snowberry
	1

	ELMO2 Bog
	Eleocharis montevidensis Bog
Sand spikerush bog
	1

	BEPA

	Betula papyrifera
Paper Birch
	1

	POTR5-SASC/SYAL
	Populus tremuloides-Salix scouleri/Symphoricarpos albus
Quaking aspen-Scouler’s willow/snowberry
	1

	PSME/SYAL
	Pseudotsuga menziesii/Symphoricarpos albus
Douglas-fir/snowberry
	1

	THPL/ATFI
	Thuja plicata/Athyrium filix-femina
Western redcedar/lady fern
	1

	TSHE/CLUN2
	Tsuga heterophylla/Clintonia uniflora
Western hemlock/bride’s bonnet
	1




Botanists on the Methow Valley Ranger District of the Okanogan-Wenatchee National Forests conducted a study project on Sanicula marilandica in the northern districts (Methow Valley and Tonasket Ranger Districts) of the forest (Baraibar 2014).  They conducted field surveys, evaluated shade, soil types and analyzed Landtype Associations (LTA) for all northern populations. 

The writer made some interesting conclusions about shade (Baraibar 2014).  She wrote:
“S. marilandica seems to respond differently to different shade regimes and canopy cover seems to play a role in the number of individulas in a population.  Dense shade by shrub and sub-canopy layers may inhibit seedlings and seed dispersal.  In these dense canopies, seed dispersal could be accomplished through animals.   A canopy that is too open, with bare ground and little organic matter accumulation, seems to make S. marilandica nutrient deficient as its leaves appear shriveled and chlorotic.   The largest, continuous and healthiest populations were found in moderately to dense shrub and sub-canopies under a relatively open tree canopy.  These populations were located in habitats with filtered-shade, but not under a highly dense shrub or sub-canopy layer.  Large populations span more than an acre in size and plants are more evenly spread thorughout.  In other moderately sized populations, patchy clumps of S. marilandica are found in more open overstory canopies with a high sub-canopy that inhibits a low-shrub cover.   Smaller sized populations with scattered individuals or single plants seem to be more common in dense shade canopies with cover as high as 96%, mostly by shrub and sub-canopy layers.” 

Baraibar (2014) also found correlations between LTA, calcium level and cation exchange capacity (CEC). She summarizes her findings, 
“In summary, it could be hypothesized that there are five site factors present in the LTA model that provide potentially suitable habitat to support S. marilandica: 1) soils greater than 14 inches of surface volcanic ash; 2) valley bottom setting; 3) prevalent near surface ground water; 4) organic matter accumulations; 5) Douglas-fir Plant Association Group, which is in extensive continental climate zones on warm, dry sites.   These five soil site factors predominately occur in La2 and Nu2 LTA’s.   S. marilandica could be highly dependent on valley bottom areas that have relatively deep surface horizons of volcanic ash with deep accumulations of organic matter, where subsurface water is readily available.”

Baraibar made these conclusions based on the Okanogan-Wenatchee National Forest populations which seem to occur primarily in floodplain habitats.  It would be interesting to see if these conclusions hold true for populations that occur in the various habitats of the Colville area.  Her full LTA and soil analysis report is included in Appendix D. 
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IV. Conservation
A. Threats to the Species
Based on my analysis of Element Occurrences throughout the state, the following table (Table 5) shows the potential threats  to the species and the number of times they are mentioned on an EO basis (out of a total of 36).  The majority of the information on threats comes from WNHP data on Element Occurrences (WNHP 2016), but additional information was obtained from US Forest Service botanists (Ahlenslager and Cabral 2016, Ahlenslager and Cabral 2014, Baraibar 2014, and Heinlen 2016).  Further discussion of each threat will be described below.

Table 5.  Potential Threats to Sanicula marilandica in Washington State.

	Threat
	Number of times mentioned in EO reports

	Changes in hydrology
	13

	Livestock
	12

	Invasive plants/weed treatment
	9

	Timber harvest
	7

	Road building/maintenance
	6

	Campgrounds/social trails
	4

	Fire
	4

	Competition with other plant species
	1

	Mining
	1

	OHV
	1




Hydrological Impacts
Habitat loss through changes in hydrology resulting from management activities is a threat for this species.  It grows in areas where the ground is moist, but not saturated.  Any changes in hydrology can therefore affect the habitat to be too wet or too dry for this species. It also commonly grows along rivers and streams that are subject to dynamic events like periodic and/or catastrophic flooding, sedimentation and/or debris flows.  These events can alter habitat enough to affect populations.  Element Occurrence data show a couple populations near hydrologic dams (WNHP 2016).  These populations could be affected by changes in dam management.  Similarly, one siting report mentioned beaver activity.  The fluctuations in water levels that occur with the coming and going of beaver populations would also affect Sanicula marilandica habitat.

Climate data for Washington State (NOAA National Climatic Data Center 2015, NOAA National Centers for Environmental Information 2016) shows a trend for warmer and drier weather (see NOAA graphs in Appendix E).  Many of the siting reports of revisited sites have indicated that the habitats are drier than they were previously.  This could stress the plants and cause a decrease in viability of Sanicula marilandica.  If the climate trends continue, either in the short term or the long term, the populations of Sanicula marilandica would be detrimentally affected.

Management activities can also affect the hydrology of an area by affecting soil compaction, run-off patterns, and shade.  Some management activities that could alter hydrology include trail building, trail maintenance, timber harvest, road construction or decommissioning, and fire line creation.

Livestock Impacts
Eastern Washington has large ranches and much open range land for livestock.  The Okanogan-Wenatchee and Colville National Forests provide range land to local livestock ranchers.  The permittees usually put their livestock on the forest in June and remove them in September or October, covering the entire growing season for Sanicula marilandica.  Livestock use can impact this sensitive species, and was mentioned in 12 siting reports as a potential threat to the population (WNHP 2016, Ahlenslager and Cabral 2016, Ahlenslager and Cabral 2014, and Baraibar 2014).

Livestock can directly affect Sanicula marilandica by trampling on it or by grazing it. Livestock can also have many indirect effects on this species.  They may compact the soil injuring root systems, decreasing soil aeration and water retaining capacity (Weatherill and Keith 1969), or muddy the creek banks or wetlands.  The disturbed soil and grazing, then, gives rise to more weedy species that are more tolerant of disturbance.  Livestock can also be vectors for noxious weed spread.  Weatherill and Keith (1969) reported that heavy grazing negatively affected most species of Anemone, Aralia, Fragaria, Lathryus, Prenanthes, Rubus (dewberries), Sanicula, Thalictrum and Vicia.

In the late summer and early fall, when upland vegetation has dried out, livestock tend to spend most of their time in riparian habitats where there is adequate water and shady areas to rest.  This concentration of livestock use compounds the impacts to riparian species like Sanicula marilandica.

Competition from Noxious Weeds and Other Introduced Plants
Invasive plants form another threat to native species like Sanicula marilandica.  Populations of reed canarygrass (Phalaris arundinacea), diffuse knapweed (Centaurea diffusa), tansy ragwort (Senecio jacobaea), cheatgrass (Bromus tectorum), meadow hawkweed (Hieracium caespitosum), common St. Johnswort (Hypericum perforatum), common tansy (Tanacetum vulgare), hound’s tongue (Cynoglossum officinale), oxeye daisy (Chrysanthemum leucanthemum), and bull thistle (Circium vulgare) have been documented near Sanicula marilandica populations (WNHP 2016, Ahlenslager and Cabral 2016, Baraibar 2014, and Heinlen 2016).  Invasive species can quickly spread and establish and can outcompete native species.  

Treatment of invasive species can also be a threat to native species.  Herbicide sprays, if not applied carefully, could harm Sanicula marilandica.  Likewise, hand-pulling weeds could cause disturbance to the native vegetation. 

Element occurrence data also mentioned one occurrence of Sanicula marilandica being outcompeted by a native plant, red-osier dogwood (Cornus sericea).  This competition is natural, but still detrimental to this sensitive species.

Timber Harvest Impacts
Timber harvest can threaten Sanicula marilandica and its habitat in several ways.  Logging equipment can dig up the soil and cause soil compaction.  Removal of trees can affect shade regimes and change the hydrology of the area.  Disturbance can alter species composition and introduce invasive species.  Logging also often opens up areas and allows more livestock access to sensitive areas.  All of these things could have harmful impacts on Sanicula marilandica.

Seven Element Occurrences mentioned timber harvest as a concern for this species (WNHP 2016, Ahlenslager and Cabral 2016, Ahlenslager and Cabral 2014 and Baraibar 2014).  These seven EOs occur on US Forest Service lands.  An additional EO occurs on private land owned by a logging company.  The Forest Service timber harvest programs continually search for new areas for timber harvest, so many populations could at one time be threatened by timber harvest activities. Sensitive plant populations within timber harvest areas are considered in project planning, and botanists offer mitigations measures to minimize impact on the species on a case by case basis.

Road Building/Maintenance Impacts
Road building and maintenance also pose a threat to Sanicula marilandica.  In fact, six siting reports mention road activities as a concern (WNHP 2016, and Ahlenslager and Cabral 2016).  The threats mentioned in the reports include direct disturbance to the plants, changes in hydrology, pushing sediment onto plants and changing water run-off regimes.  Some populations occur on old road beds, so re-opening or decommissioning these roads would have direct impacts on the plants.  Also, populations that occur along roadsides would be vulnerable to brushing activities that could directly harm the plants or indirectly affect them by changing the shade component of the habitat.

Two of the populations that have been extirpated in the state were affected by road maintenance issues.  One was near a bridge replacement, and the other occurred along a man-made road ditch at a fish hatchery.  Road maintenance is by nature a destructive process, and therefore harmful to plants that are growing near roads.

Campground/social trail impacts
Several populations (four mentioned) of Sanicula marilandica grow in and around campgrounds, established or dispersed (WNHP 2016).  Campgrounds concentrate people into small areas and therefore increase trampling and trail formation.  This can directly impact plants and reduce available habitat for them.  People can also introduce invasive species which degrades the quality of plant habitat.

Fire Impacts
Siting reports mentioned four populations that experienced fire activity (Ahlenslager and Cabral 2016, Baraibar 2014, and Heinlen 2016).  The effect of fire on Sanicula marilandica populations remains unclear, and likely depends on the severity and timing of the fire, and the other indirect effects a fire can have, like changing hydrology, fire line construction and introducing or spreading invasive species.

One population, the same one by the bridge construction mentioned in the road building/maintenance section above, also experienced a wildfire in 2001.  It is unknown how the plants fared in the flames and heat, but it was suggested that the debris flows and changes of the river hydrology, in addition to the bridge maintenance, caused the demise of the population.

Moderate fire disturbance may have positive effects for Sanicula marilandica.  The botanist in the Methow Valley wrote about disturbances in one of their largest sub-populations (Baraibar 2014).  She wrote, “These disturbances [fire and timber harvest] were probably not severe or frequent enough to alter the soil environment. Habitat factors that supported S. marilandica were already in place before the disturbance.  Fire seems to have stimulated and released the population in the aspen stand mentioned above, by decreasing the amount of competing overstory vegetation, as well as creating a nutrient pulse in the soil.”  

I found a similar response on the Tonasket Ranger District in 2016 after a fire burned a sub-population along the West Fork San Poil River in 2015 (Heinlen 2016).  The plants returned with a flush after the fire.  Further monitoring is necessary to see if the post-fire vigor continues.  

Colville botanists reported more mixed findings after their 2015 fire season (Cabral 2016).  Some sub-populations seem to have survived the fire well, in areas of light to moderate burning, but others did not fare as well where severe fire burned fuels for extended periods of time and damaged the soil more thoroughly.  Further monitoring will be needed for all these sub-populations. 

Other Impacts
Mining can pose a threat to Sanicula marilandica.  It was mentioned in one report as a concern (WNHP 2016).  Mining causes ground disturbance at the mine site, as well as from road construction and maintenance and exploration activities.

One siting report mentioned Off-Highway Vehicle (OHV) use as a threat to the Sanicula marilandica population (Ahlenslager and Cabral 2016).  OHV users may drive off established roads and trails and form new trails or go “mudding” in wet areas.  This can cause extensive damage to wetland habitat and can damage plants and alter quality plant habitat.
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Distribution and Land Ownership
Table 6 shows the breakdown in land ownership for Sanicula marilandica sub-populations in Washington.  Appendix B also shows the population data by sub-population, and the columns are color coded by land manager.  In Washington, the majority (76%) of Sanicula marilandica sub-populations occur on US Forest Service land.  Seven percent of sub-populations occur on BLM land.  Eight percent of the sub-populations occur on state land (WDFW/DNR) and the remainder (10%) occur on private land.  
Table 6.  Land ownership of Sanicula marilandica of sub-populations in Washington State.

	Land Owner
	Number of sub-populations (104 total)

	Private
	10

	Department of Natural Resources (state)
	3

	Department of Fish and Wildlife (state)
	5

	Bureau of Land Management (federal)
	7

	US Forest Service (federal)
	79



One population (EO 032) occurs on lands managed by the Washington State Department of Natural Resources as a Natural Resource Conservation Area (NRCA).  One of the purposes of NRCAs is “maintaining habitats for rare species and for conservation of important examples of terrestrial, aquatic, and marine ecosystems.” (Washington Natural Heritage Program 2007). This population should therefore be protected in this special land allocation.  

Another sub-population of EO 033 occurs in a Research Natural Area of the Colville National Forest. These areas are set aside as areas that represent unique or pristine habitats or ecosystems and are protected from management practices.  

The hydrology requirements for Sanicula marilandica place most of the populations within riparian zones.  On lands managed by the Forest Service, these populations fall within Riparian Habitat Conservation Areas (RHCAs), where special protections are in place to maintain or improve streams.  Will these measures protect Sanicula marilandica populations?  The reserve widths for RHCAs differ depending on what type of stream it is, whether it is fish-bearing, and what species of fish reside there.  Different management strategies can be employed within the reserve widths depending on these factors.  For example, mechanical harvest may be restricted for a certain stream’s RHCA, but hand treatment for fuels reduction may be allowed (Colville National Forest 2010).  Also, on certain streams, mechanical harvest may be restricted in the summer, but allowed as winter harvest (Shull 2016).  In addition, the reserve widths are designed to protect the stream channel, where Sanicula marilandica plants may inhabit the entire riparian zone and thus need wider buffers than just the RHCA.  Therefore, the RHCAs may offer some protection for Sanicula marilandica, but they should not be considered absolute protection for these populations.  Sanicula marilandica populations should still be considered on a case-by-case basis as management actions are proposed.  

The remaining populations do not occur within protected land allocations.



General Conservation Considerations
It seems that within Washington, even after 40 years, we are still in the preliminary stages of discovery about Sanicula marilandica.  Information gaps loom in areas of habitat requirements and distribution, life history, and ecology.  This lack of information makes judgement calls about the vulnerability of the species difficult.  
The available information does show a limited number of known populations in the Pacific Northwest (Washington, British Columbia and Idaho).  Population counts fluctuate within populations, although it remains unclear whether these are real fluctuations in populations or the result of inaccurate sampling efforts.  Sanicula marilandica appears to be restricted within its available habitat.  Unknown factors likely influence its distribution.  Many management activities may threaten populations of Sanicula marilandica, but at least half of the populations (53%) seem to be stable.  It also appears that Sanicula marilandica shows resilience in unfavorable conditions.  Sites have persisted under stress and then recovered in areas when conditions improved. 
C.  Known Management Approaches
Research efforts for information about Sanicula marilandica have proven mostly futile.  In the bulk of its range, Sanicula marilandica is a common enough understory plant to be mentioned in journal articles in the list of common species. In fact, it even holds the status of being the major indicator species in at least two habitat types in Wisconsin (Schmidt 1996).  But despite its commonness, Sanicula marilandica has not received any attention with regard to its ecological requirements nor its response to management activities.  Consequently, there are no known management approaches for this species.  

Local botanists have observed some responses of Sanicula marilandica from different management activities.  These will be included in the following section on Management Considerations.

D.  Management Considerations
The following guidance provides potential mitigation and management actions that could be utilized to address threats to the species’ sites.  Each Element Occurrence will not be addressed specifically because there are too many, and many do not have sufficient data to be able to make recommendations.  The considerations, though, can be applied to any population facing any number of threats. Analysis of the siting reports and the management reports that have been made in Washington State shows that there are many threats to the species.  But they also indicate that the species exhibits a good ability to persist under stressful conditions and recover when the conditions improve.  Efforts to protect populations and improve habitat conditions will likely help the species persist in Washington State.




Hydrological Impacts
While little can be done at a specific project scale to affect the warming and drying trends of climate change, other changes to the hydrology that are human-caused can be addressed.

Dam management could address this sensitive species when making changes to dam structure (construction) or maintenance schedules (water level fluctuations) to reduce impacts.  

For ground-disturbing activities (trail/road/fire line construction/maintenance), consider providing water bars or other mechanisms to ensure that the flow of water through habitats or populations of Sanicula marilandica does not change.  These actions should also occur to reduce the risk of debris flow or sedimentation in the vicinity of Sanicula marilandica populations.  Activities that affect the shade component of Sanicula marilandica habitat (tree/shrub removal), should also be managed to provide adequate habitat protections (see Timber Harvest section for more information).

Livestock Impacts
To reduce the impact of livestock to known Sanicula marilandica populations, a reduction of livestock numbers or exclusion of habitat and populations could be implemented. Some managers have fenced off Sanicula marilandica populations (Baraibar 2014), while others have suggested piling logging slash and brush to reduce access to quality habitats (Ahlenslager and Cabral 2016).  Where cattle have been excluded or had reduced access to populations, Sanicula marilandica has responded favorably (Ahlenslager and Cabral 2016). 

Other management strategies may have favorable results as well.  Where livestock cannot be excluded from Sanicula marilandica populations, consider reducing the number of livestock in the allotment or the pasture with the Sanicula marilandica population. Another option is to consider increasing pasture rotation so that the livestock do not stay in particular sensitive habitat for long periods of time.  Offering water developments and salting options further away from Sanicula marilandica may be another option to reduce impacts to the populations, by drawing the livestock away from the known populations and habitat. 

Competition from Noxious Weeds and Other Introduced Plants
Proactive noxious weed or introduced plant management should be considered in managing known Sanicula marilandica populations. Control noxious weeds or other introduced plants before the weeds or plants encroach on Sanicula marilandica populations, as the control measures themselves can be harmful.  Weed treatment personnel should be trained to recognize sensitive species so as not to harm them in their treatments.  Take care to not apply herbicide to, trample or dig up Sanicula marilandica plants in the process of noxious weed control.

The Okanogan-Wenatchee National Forest has a proposed Invasive Plant Management Project, in which they suggest buffers for chemical treatments of weeds near botanical species of concern (USDA Forest Service 2017 pending).  They propose: “Precautions would be taken to avoid any contact with botanical species of concern. Minimize trampling of native vegetation, especially within habitat for botanical species of concern. Herbicide would not be applied using the broadcast method within 100 feet of botanical species of concern. No spot treatment would be permitted within 10 feet of botanical species of concern (limited hand application may be approved). This is intended to meet Forest Service Manual 2670; recovery plans for federally listed species; and the Northwest Forest Plan, as amended.”  In addition, “Picloram would not be used within 50 feet of botanical species of concern to ensure protection of emerging seedlings and potential non-target plant root uptake due to herbicide soil persistence.”

I suggest adoption of these guidelines for chemical invasive plant treatment near Sanicula marilandica populations. 

On a site-by-site basis, reducing competition from native species may also need to be considered. (See timber harvest impacts below).

Timber Harvest Impacts
Many considerations come into play to reduce impacts from timber harvest upon this species.  

Ground disturbance near plant populations should be minimized, to protect the plants themselves and maintain the hydrological conditions.  As possible, locate roads, skid trails, and slash piles at least 100 feet away from Sanicula marilandica populations.  These ground disturbances can become vectors for invasive species, livestock and vehicle traffic.  Consider increasing the buffer distance if increased disturbance from these factors is likely.  Harvest timing can also reduce impacts.  Winter logging reduces ground disturbance, planned or incidental, greatly.  

Managing the shade component of Sanicula marilandica habitat is another important consideration.  Botanists in the Methow Valley report that a light reduction in overstory trees did not impact the Sanicula marilandica habitat (EO 008) (Baraibar 2014).  The timber harvest was in a stand of aspen that had some conifer removal activity in the past.  They observed that the most thriving populations occur in habitats with dense lower and mid-canopy layers and more open overstory layers.  Emulating this habitat in the Methow Valley area may prove beneficial for this species. 

Another strategy to provide for the protection of known populations would be to provide a no-harvest buffer surrounding the site, and to not alter the habitat at all.  Botanists in the Colville National Forest reported that 150-foot buffers were providing adequate shade and that the populations (EO 022 and EO 023) were not being adversely affected (Ahlenslager and Cabral 2016).  

To reduce easier access by livestock into habitats or known populations as a result of timber harvest, consider the placement of slash in key locations, to provide deterrents or pathway blockages.

Road Building/Maintenance Impacts
Avoid placement of new roads within 100 feet of Sanicula marilandica populations. For existing roads with Sanicula marilandica populations, consider altering the timing of maintenance activities to late August, after seed set, and, as possible, retaining existing shrub cover around the site. 

If old road beds containing Sanicula marilandica populations are planned to be reopened, consider re-routing the road around the site.  If roads are planned to be decommissioned, consider avoiding disturbance of the site in a 100 foot buffer around it. 

Campground/social trail impacts
In campgrounds, consider providing educational material on site about the presence of Sanicula marilandica, so the public can do their best to avoid it.  

Locate new trails and campsites in areas further from the sensitive plant populations, and consider closing trails and campsites that are located near Sanicula marilandica populations.  Creative placement of large natural obstacles could help people avoid sensitive areas.  In some cases, fencing may be necessary to restrict areas to human traffic.

Fire Impacts
During fire-fighting activities, avoid ground disturbing activities (fire line construction, opening roads) that could affect populations.  Resource Advisors should try to direct fire operations to reduce these impacts. 

Light to moderate pre-scribed fire may be a useful ecosystem tool to provide benefits for Sanicula marilandica. 

Other Impacts
To reduce effects from mining activities consider the same recommendation as for other ground disturbing activities, above.  In addition, placement of excavated mining material should be at least 100 feet from Sanicula marilandica populations to allow for adequate weed treatment on the disturbed soil.  If the mining material contains contaminants that could affect adjacent vegetation, the buffer distance should be increased to maintain the integrity of the Sanicula marilandica habitat.   

To reduce potential OHV damage to known Sanicula marilandica populations, consider the placement of barriers, including rocks, slash or fencing around the sites.  Also, consider increasing law enforcement presence in these sensitive areas.  Increasing educational outreach and awareness to OHV clubs may also be helpful.
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V.  Research, Inventory and Monitoring Opportunities
Schemske et al. (1994) encourage land managers to carefully consider their research efforts with regard to rare plant management.  They suggest that “the most effective course of action towards the recovery of an endangered plant species requires a demographic assessment of biological status, the identification of life history stages that have the greatest impact on population growth, and the determination of the biological processes affecting these stages.”  The following shows research, inventory and monitoring opportunities that could aid in forming better management strategies for this species in Washington State.
Research Needs
So much information remains unknown about Sanicula marilandica.  Information gaps remain for many life history traits.  How long do individuals live?  How long until plants reach sexual maturity?  Why are there so many non-reproductive plants in a population?  What pollinates and disperses seeds in Washington State?  What percentage of the seeds are viable and how long do they persist in the soil? 
Information gaps remain for more ecological considerations.  Are large population fluctuations normal for this species?  What are limiting factors for the species in regards to habitat?  What habitat requirements need to be addressed when assessing management activities?  What affect will climate change have on the species?  
Inventory Needs
Botanists in the northern districts of the Okanogan-Wenatchee National Forest and on the Colville National Forest have made concerted efforts to locate Sanicula marilandica populations.  Likely more populations remain undiscovered.  Other land managers may not have inventoried all possible habitats, especially private land owners in northeastern Washington.  In addition, a large tract of land owned by the Colville Confederated Tribes borders lands adjacent to the northern National Forests.  This land also remains a data gap. 
Initial analysis of Landtype Associations, soil calcium levels and cation exchange capacity show interesting correlations for populations on the northern districts of the Okanogan-Wenatchee National Forests.  Further analysis could be done to determine whether these findings apply to all populations in Washington.  This analysis could provide needed habitat information and aid with forming habitat models and searching for additional Sanicula marilandica populations. 
Monitoring Needs
Managers should regularly monitor known populations of Sanicula marilandica in order to evaluate their health, vigor and status within the state.  Of the 104 sub-population of Sanicula marilandica, 43 of them have not had any monitoring and additional 6 populations have “present” as the census, meaning the population is present, but not counted. Table 7 shows the land management agencies of these 43 sub-populations and then the percentage of each agency’s populations represented.  

Table 7.  Agencies responsible for unmonitored Sanicula marilandica sub-populations in Washington State and the percentage of each agency’s sub-population represented.

	Agency
	Number of unmonitored sub-populations
	Percentage of each agency’s overall sub-populations

	US Forest Service
	30
	37.9%

	Bureau of Land Management
	6
	85.7%

	Department of Natural Resources
	2
	66.7%

	Washington Department of Fish and Wildlife
	1
	20%

	Private
	4
	40%



Some of these sub-populations have been recently discovered and revisits haven’t yet been warranted.  Appendix B shows the population data.  Each column is color coded by land manager.  Populations that have only received one population count are indicated by red-colored population numbers.  Managers can use this table to check specific populations and see when they were last monitored.
Examination of siting report data reveals that small populations risk extirpation.  Eleven sub-populations had fewer than 10 plants at the last count.  Seven of these have only been counted once.  These populations would be a priority for monitoring.  Eight of the eleven populations occur on US Forest Service land and three on BLM land.  Additional effort could be made on the other sub-populations that have less than 100 plants.
Wildfires have affected some sub-populations of EO’s 023 and 054.  Early monitoring suggests that light to moderate fire intensity does not harm, and may even help Sanicula marilandica populations, whereas intense fire is more harmful.  These fires provide a great opportunity to formally monitor the effects of fire on the species, in the short term and long-term.  A formal effort could be made to monitor these populations over the next 10 years.
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Definitions of Terms Used  


Anther
	The top, pollen-bearing portion of the stamen.

Calcareous
	Of, containing, or like calcium carbonate; chalky.

Calyx
The collective name for sepals of a flower.

Canopy
The canopy is the aboveground portion of a plant community or crop, formed by the collection of individual plant crowns.

Caudex
Basal stem structure of a plant from which new root growth arises.

Cauline
	Of or relating to a stem, especially pertaining to or arising from the upper part of a stem.

Connate
Fused.

Dehiscence
Dehiscence is the splitting at maturity along a built-in line of weakness in a plant structure in order to release its contents, and is common among fruits.

Divergence
Genetic divergence is the process in which two or more populations of an ancestral species accumulate independent genetic changes (mutations) through time.

Element Occurrence
The State of Washington Natural Heritage Program generally defines an element occurrence as a population, but even single plants will be tracked as an element occurrence.  It has a defining purpose, to give a number to a population for tracking purposes.

Epizoochorous diaspore
Seed carried externally by animals, attached by hooks, barbs, or spines.

Exserted
Projecting beyond the surrounding parts.


Extirpation
Local extinction, or extirpation, is the condition of a species (or other taxon) that ceases to exist in the chosen geographic area of study, though it still exists elsewhere.

Fibrous roots
A fibrous root system is the opposite of a taproot system. It is usually formed by thin, moderately branching roots growing from the stem.
	
Genetic Drift
Random changes in the frequency of alleles in a gene pool, usually of small populations.

Hermaphrodite
Hermaphrodite is used in botany to describe a flower that has both staminate (male, pollen-producing) and carpellate (female, ovule-producing) parts.

Hydrology
The movement, distribution, and quality of water within an ecological system.

Hydrophyte
A plant that grows in water or very moist ground.

Inflorescence
An inflorescence is a group or cluster of flowers arranged on a stem that is composed of a main branch or a complicated arrangement of branches; flowering stalk.

Isolate
To set or place apart; detach or separate so as to be alone.

Leaflets
Part of a compound leaf

Lectotype
A lectotype is a specimen later selected to serve as the single type specimen for species originally described from a set specimens of the same type, when an original holotype was not designated.

Management Considerations
Potential management activities designed to achieve the conservation of a species at a site.  Management considerations are not mandatory.

Mericarps
The single portion of a fused schizocarp.  The mericarp holds seeds of the plant.

Monitoring
The collection of information used to determine if management actions are meeting objectives of standards and guidelines and if they comply with laws and management policy.  Monitoring is also used to determine if standards and guidelines are being followed and if they are effective.

Natural Selection
Natural selection is the differential survival and reproduction of individuals due to differences in phenotype.

Ovary
Part of the female reproductive organ of the flower, specifically, it is the part of the pistil which holds the ovule(s), (eggs).

Overstory
The upper tree canopy layer in a forest.

Palmately compound
Leaves have the leaflets radiating from the end of the petiole, like fingers of the palm of a hand.

Pedicels
A stem that attaches a single flower to the inflorescence

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

Petiole
The stalk of a leaf, attaching the blade to the stem.

Pistil
The female reproductive organ of a flower, typically consisting of a stigma, style, and ovary.

Pollen
Grains produced by the male portion of plants that contains the male portion of genetic material for sexual reproduction.  Pollen is transferred to the female portion of a flower where fertilization can occur.

Polygamous
The condition or state of a plant which bears both perfect and unisexual flowers; having male, female, and bisexual flowers on the same plant.

Population
Technical definition: a summation of all the organisms of the same group or species, which live in a particular geographical area, and have the capability of interbreeding. In this assessment “populations” may or may not contain a number of sub-populations, which are geographically distinct on the map, but close enough to each other to be considered part of the same population.

Promiscuous pollination
Pollination that occurs by any number of methods, not specific to one insect.

Protogynous
Refers to the timing of the maturity of the male and female sex organs.  Protogynous plants have female parts that mature before the male parts.

Riparian
	Referring to vegetative zone along rivers and streams.

Sepals
Parts of the flower of angiosperms (flowering plants). Usually green, sepals typically function as protection for the flower in bud, and often as support for the petals when in bloom. 

Sessile
	Attached directly, without a supporting stalk.

Soil Seed Bank
Storage of seeds within the soil to provide opportunities for germination in the future.

Staminate
Of or pertaining to the stamens, the male portion of the plant bearing pollen.

Stigma
	The portion of the pistil receptive to pollen.

Style	
	The usually narrowed portion of the pistil connecting the stigma to the ovary.

Subpopulation
Part of a population.  In this assessment, subpopulations are distinct polygons on a map, but several sub-populations may still be close enough to be considered a population.

Terete
Terete is a term used in botany to describe a cross section that is circular, or like a distorted circle, with a single surface wrapping around it.

Umbel
An umbel is an inflorescence which consists of a number of short flower stalks (called pedicels) which spread from a common point, somewhat like umbrella ribs.  Typical flower structure for species of the Apiaceae (Umbelliferae) family of plants.


Understory
Layer of vegetation underneath the upper tree layer, or canopy.  Composed of shrub and herbaceous vegetation.

Uncinate
Hooked.

Viability
Ability of a wildlife or plant population to maintain sufficient size to persist over time in spite of normal fluctuation in numbers; usually expressed as a probability of maintaining a specified population for a specified period. 
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Appendix A.  Image of the type specimen of Sanicula marilandica held in the Natural History Museum at London.

[image: ]


Much confusion surrounding the type specimens of Sanicula marilandica and Sanicula canadensis existed before James Reveal sorted through the specimens and descriptions and published the lectotype in 1986.  He showed that the specimen named Clayton 28 (Gray) should be the lectotype.  The annotation on this sheet by Gronovius states:
“Sanicule D. Clayton An. 1734. Num. 28.  D. Claython [sic] ex Virginia An 1734 Num. 28.  Lappula sere umbellate Astrantia foliis Virginiana.  Plukn. Mant. 114.”



Appendix B.  Sub-population counts for Element Occurrences of Sanicula marilandica in Washington State.

The data came from the Washington Natural Heritage Program (WNHP) printouts of the Element Occurrences for Sanicula marilandica in Washington State.  In some cases I added data from siting reports that were not represented in the WNHP data.  

The survey years are listed down the left column.  Across the top, I’ve listed the population number (Element Occurrence) from the WNHP data in bold. The plain text numbers with the decimal points are the sub-populations within each EO.  I assigned the sub-population numbers to them based on the order they were listed on the WNHP printouts.  They do not reflect any chronological or geographical order, or any rank of importance or size. 

The term “pres” refers to populations that were visited, confirmed to be present, but not counted.

The columns are colored according to land ownership according to the following key:

	USFS-Colville
	USFS-Oka-Wen
	USFS-Kaniksu
	DNR
	WDFW
	BLM
	Private



These colors mostly correlate with the population map (Figure 5) with green representing USFS, purple representing state lands (DNR and WDFW), and yellow representing BLM.  Private lands on the map are not designated and are therefore white along with all other land owners.  White columns in the table represent populations that have multiple sub-populations.  The sub-populations are color-coded according to land ownership, but there can be multiple ownerships within a population, so the population EO number is not colored.

The population/sub-population numbers that are in red text represent the populations that have only one population count.  These would be the unmonitored populations referred to in the “Monitoring Needs” section.
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Appendix C.  Constancy Tables for Sanicula marilandica in Washington State.

Constancy Table Methods: I took the WNHP reports of all of the EO data and entered the associated species for each EO (population level, not for each sub-population).  The total associated species list contains 223 species.  Some EOs had incomplete species lists. I decided to evaluate only EOs that had more 9 or more species listed.  This left 27 EOs to work with.  

I broke out the Colville data, because they have a large portion of the EOs and their sites have a different vegetative component than the others.  I present three tables:  All Sites, Non-Colville Sites, and Colville sites.

For the All Sites Table (Table 8), I eliminated species that had 5 occurrences or less.  There were two species that had both the genera and a species within that genera (for example: Fragaria sp. and Fragaria virginiana) listed. In this case I grouped the species into the genera and just left the genera in the table.  This left 41 species with greater than 20% constancy. For the Non-Colville Sites Table (Table 9), I eliminated species that had only one occurrence.  This left 24 species with greater than 20% constancy.  For the Colville Sites Table (Table 10), I eliminated all species with four or less occurrences.  There were four species that had both the genera and a species within that genera (for example: Alnus sp. and Alnus viridis ssp. sinuata) listed. In this case I grouped the species into the genera and just left the genera in the table. This left 38 species with greater 20% constancy.


Table 8.  Constancy Table for All Qualifying Element Occurrences in Washington State.
	Family
	Common Name
	Scientific Name
	Const. (%)

	Cornaceae
	redosier dogwood
	Cornus sericea
	81.5

	Caprifoliaceae
	common snowberry
	Symphoricarpos albus
	70.4

	Liliaceae
	starry false Solomon's seal
	Maianthemum stellatum
	63.0

	Caprifoliaceae
	twinflower
	Linnaea borealis
	59.3

	Cupressaceae
	western redcedar
	Thuja plicata
	59.3

	Cornaceae
	bunchberry dogwood
	Cornus canadensis
	55.6

	Rosaceae
	Saskatoon serviceberry
	Amelanchier alnifolia
	51.9

	Rosaceae
	rose
	Rosa spp.
	51.9

	Rosaceae
	western thimbleberry
	Rubus parviflorus var. parviflorus
	51.9

	Araliaceae
	wild sarsparilla
	Aralia nudicaulis
	48.1

	Rosaceae
	strawberry
	Fragaria spp.
	48.1

	Pinaceae
	Engelmann's spruce
	Picea engelmannii
	48.1

	Aceraceae
	Douglas maple
	Acer glabrum var. douglasii
	44.4

	Betulaceae
	paper birch
	Betula papyrifera
	44.4

	Rubiaceae
	fragrant bedstraw
	Galium triflorum
	44.4

	Berberidaceae
	Oregon grape
	Mahonia aquifolium
	44.4

	Pinaceae
	Douglas-fir
	Pseudotsuga menziesii
	44.4

	Ranunculaceae
	red baneberry
	Actaea rubra
	40.7

	Equisetaceae
	horsetail
	Equisetum spp.
	40.7

	Salicaceae
	quaking aspen
	Populus tremuloides
	40.7

	Asteraceae
	American trailplant
	Adenocaulon bicolor
	37.0

	Liliaceae
	bride's bonnet
	Clintonia uniflora
	37.0

	Grossulariaceae
	prickly currant
	Ribes lacustre
	37.0

	Pinaceae
	grand fir
	Abies grandis
	33.3

	Ophioglossaceae
	rattlesnake fern
	Botrychium virginianum
	33.3

	Apiaceae
	western sweet-cicely
	Osmorhiza berteroi
	33.3

	Salicaceae
	black cottonwood
	Populus balsamifera ssp. trichocarpa
	29.6

	Ericaceae
	liverleaf wintergreen
	Pyrola asarifolia
	29.6

	Violaceae
	violet
	Viola spp.
	29.6

	Betulaceae
	Sitka alder
	Alnus viridis ssp. sinuata
	25.9

	Aristolochiaceae
	British Columbia wildginger
	Asarum caudatum
	25.9

	Polypodiaceae
	common ladyfern
	Athyrium filix-femina
	25.9

	Rubiaceae
	bedstraw species
	Galium spp.
	25.9

	Celastraceae
	Oregon boxwood
	Paxistima myrsinites
	25.9

	Betulaceae
	mountain (thinleaf) alder
	Alnus incana 
	22.2

	Betulaceae
	beaked hazelnut
	Corylus cornuta
	22.2

	Rosaceae
	largeleaf avens
	Geum macrophyllum
	22.2

	Orchidaceae
	western rattlesnake plantain
	Goodyera oblongifolia
	22.2

	Hydrangeaceae
	Lewis' mockorange
	Philadelphus lewisii
	22.2

	Saxifragaceae
	oneleaf foamflower
	Tiarella trifoliata var. unifoliata
	22.2

	Pinaceae
	western hemlock
	Tsuga heterophylla
	22.2


Table 9.  Constancy Table for Qualifying Non-Colville Element Occurrences in Washington State. 

	Family
	Common Name
	Scientific Name
	Const. (%)

	Rosaceae
	Saskatoon serviceberry
	Amelanchier alnifolia
	83.3

	Cornaceae
	redosier dogwood
	Cornus sericea
	83.3

	Liliaceae
	starry false Solomon's seal
	Maianthemum stellatum
	66.7

	Rosaceae
	western thimbleberry
	Rubus parviflorus var. parviflorus
	66.7

	Caprifoliaceae
	common snowberry
	Symphoricarpos albus
	66.7

	Betulaceae
	mountain (thinleaf) alder
	Alnus incana 
	50.0

	Rosaceae
	Douglas' hawthorn
	Crataegus douglasii 
	50.0

	Equisetaceae
	horsetail
	Equisetum spp.
	50.0

	Rubiaceae
	bedstraw species
	Galium spp.
	50.0

	Pinaceae
	Engelmann's spruce
	Picea engelmannii
	50.0

	Pinaceae
	ponderosa pine
	Pinus ponderosa
	50.0

	Rosaceae
	rose
	Rosa spp.
	50.0

	Rosaceae
	American red raspberry
	Rubus idaeus
	50.0

	Rosaceae
	Virginia strawberry
	Fragaria virginiana
	33.3

	Rosaceae
	largeleaf avens
	Geum macrophyllum
	33.3

	Cupressaceae
	common juniper
	Juniperus communis
	33.3

	Caprifoliaceae
	twinflower
	Linnaea borealis
	33.3

	Berberidaceae
	Oregon grape
	Mahonia aquifolium
	33.3

	Celastraceae
	Oregon boxwood
	Paxistima myrsinites
	33.3

	Salicaceae
	quaking aspen
	Populus tremuloides
	33.3

	Pinaceae
	Douglas-fir
	Pseudotsuga menziesii
	33.3

	Asteraceae
	Canada goldenrod
	Solidago canadensis
	33.3

	Rosaceae
	white spirea
	Spiraea betulifolia
	33.3

	Ranunculaceae
	western meadowrue
	Thalictrum occidentale
	33.3






Table 10.  Constancy Table for Qualifying Colville Element Occurrences in Washington State.

	Family
	Common Name
	Scientific Name
	Const.
%

	Cornaceae
	redosier dogwood
	Cornus sericea
	81.0

	Cupressaceae
	western redcedar
	Thuja plicata
	76.2

	Caprifoliaceae
	common snowberry
	Symphoricarpos albus
	71.4

	Cornaceae
	bunchberry dogwood
	Cornus canadensis
	66.7

	Caprifoliaceae
	twinflower
	Linnaea borealis
	66.7

	Rosaceae
	rose
	Rosa spp.
	66.7

	Araliaceae
	wild sarsparilla
	Aralia nudicaulis
	61.9

	Liliaceae
	starry false Solomon's seal
	Maianthemum stellatum
	61.9

	Aceraceae
	Douglas maple
	Acer glabrum var. douglasii
	57.1

	Betulaceae
	paper birch
	Betula papyrifera
	57.1

	Betulaceae
	alder
	Alnus spp.
	52.4

	Rubiaceae
	fragrant bedstraw
	Galium triflorum
	52.4

	Violaceae
	violet
	Viola spp.
	52.4

	Ranunculaceae
	red baneberry
	Actaea rubra
	47.6

	Asteraceae
	American trailplant
	Adenocaulon bicolor
	47.6

	Liliaceae
	bride's bonnet
	Clintonia uniflora
	47.6

	Rosaceae
	strawberry
	Fragaria spp.
	47.6

	Berberidaceae
	Oregon grape
	Mahonia aquifolium
	47.6

	Pinaceae
	Engelmann's spruce
	Picea engelmannii
	47.6

	Pinaceae
	Douglas-fir
	Pseudotsuga menziesii
	47.6

	Rosaceae
	western thimbleberry
	Rubus parviflorus var. parviflorus
	47.6

	Pinaceae
	grand fir
	Abies grandis
	42.9

	Rosaceae
	Saskatoon serviceberry
	Amelanchier alnifolia
	42.9

	Ophioglossaceae
	rattlesnake fern
	Botrychium virginianum
	42.9

	Salicaceae
	quaking aspen
	Populus tremuloides
	42.9

	Grossulariaceae
	prickly currant
	Ribes lacustre
	42.9

	Apiaceae
	western sweet-cicely
	Osmorhiza berteroi
	38.1

	Aristolochiaceae
	British Columbia wildginger
	Asarum caudatum
	33.3

	Salicaceae
	black cottonwood
	Populus balsamifera ssp. trichocarpa
	33.3

	Ericaceae
	liverleaf wintergreen
	Pyrola asarifolia
	33.3

	Polypodiaceae
	common ladyfern
	Athyrium filix-femina
	28.6

	Betulaceae
	beaked hazelnut
	Corylus cornuta
	28.6

	Equisetaceae
	field horsetail
	Equisetum arvense
	28.6

	Orchidaceae
	western rattlesnake plantain
	Goodyera oblongifolia
	28.6

	Saxifragaceae
	oneleaf foamflower
	Tiarella trifoliata var. unifoliata
	28.6

	Pinaceae
	western hemlock
	Tsuga heterophylla
	28.6

	Celastraceae
	Oregon boxwood
	Paxistima myrsinites
	23.8

	Hydrangeaceae
	Lewis' mockorange
	Philadelphus lewisii
	23.8




Appendix D.  Landtype Association (LTA), Soil and Cation Exchange Capacity (CEC) Analysis in the northern portion of the Okanogan-Wenatchee National Forest.  

Taken from: Baraibar, K. 2014. Distribution, abundance, and management considerations for Sanicula marilandica on the northern portion of the Okanogan-Wenatchee National Forest.  Final_FY14-OKW-Sanicula-marilandica-Survey-Report-with-appendices, ISSSSP reporting.

Landtype Association (LTA) and S. marilandica Interrelationships:
Certain topographic expression and soil site factors were common for all known S. marilandica populations.  Generally, most all populations occur within valley bottoms or swales, which have deep volcanic ash surface soils with relatively deep accumulation of organic matter (OM), and available near surface ground water provides more than adequate moisture throughout the growing season.   These surface horizons of volcanic ash have fine sandy loam textures with a tremendous amount of pore space for rooting plants and soil water movement.  

From the analysis of GIS modeling, there was a relationship of known S. marilandica populations and specific LTAs.  Hence, the hypothesis is that there is a relationship between specific LTA and S. marilandica.   Whether the relationship is merely topographic expression or soil site conditions or both is not known at this time.  

LTA’s at each location visited will be described, and an assessment will be made to the likelihood that specific soil-site conditions provide suitable habitat for S. marilandica.  

Soil Site Assessment
An interview with Carl Davis, a certified retired U.S.F.S. soil scientist and principle author of the Landtype Association (LTA) of North Central Washington, was conducted to aid in the description and interpretation of Landtype Associations and Soils.  Landtype Associations are defined by the integration of map unit criteria: topographic expression, geomorphic process, geology, soil, potential natural vegetation, and local climate.  Collectively, these features become diagnostic factors that control or strongly influence biotic distribution, hydrologic function, and ecological functions including natural disturbance regimes (Swanson 1979).  Some diagnostic site features are more controlling of ecological processes than others and therefore should be used to partition landscapes (Bailey 1996).

In order to evaluate whether or not S. marilandica prefers certain geomorphic processes (topographic expression), geology, soils or Vegetation Zones (Potential Natural Vegetation (PNV)), the potential suitable habitat model was overlaid with the Landtype Associations via GIS.  The Landtype Associations model was used to examine the soil- site characteristics for known S. marilandica populations.
North Central Washington LTAs have a connotative numbering system.  Each LTA polygon is identified by a three character symbol.  The first character is an upper case letter (which describes the landforms).  The next character is a lower case letter (describing the geologic groups).  The third character is a number (which describes the Vegetation Zones (PNV).  For example Nu2 is a (N) Glaciated Trough Valley Bottoms, (u) Undifferentiated Geology, (2) Douglas-fir Group.  This report will not give the full description of the LTA, but rather briefly describe the relevant attributes within the pertinent LTA.   
[image: ]All diagrams below are from the “Landtype Associations of North Central Washington (Wenatchee, Okanogan, and Colville National Forests)”.
1.  LTA Nu2 (N) Glaciated Trough Valley Bottoms, (u) Undifferentiated Geology, (2) Douglas-fir Group.  Parts of the Twisp River (Twisp River Watershed) fall in this LTA.  All the areas surveyed in along Early Winters Creek (Upper Methow River Watershed) and Chewuch River (Upper and Lower Chewuch River Watersheds), fall within Nu2.  
This LTA is primarily located on the Okanogan (northern) portion of the Forest, and secondarily on the Wenatchee (southern end of the Forest).

Most of the populations of S. marilandica are located in this LTA, as is the biggest population (estimated over 1000 individuals). 

As illustrated in the block diagram, this LTA is located in very broad valley bottoms.  Soils in this LTA are depositional and composed of relatively deep volcanic ash surface horizons. Near surface ground water is readily available through the growing season and these soils can support dense, riparian associated species.  

[image: ]Specific soil great groups in LTA Nu2 are as followings:  Typic Vitrixerands (most common soils within LTA).   These soils have greater than 14 inches of volcanic ash surface soil horizons with relatively deep OM accumulation. This soil supports dense ground cover (best sights for S. marilandica within this LTA).   Minor amounts of Fluventic Haploxerolls, which are old floodplain deposits that are typically supported by grass and supports moderately dense vegetation.  There are shallow volcanic ash surface horizons which correspond to moderately productive sights for S. marilandica within this LTA.  Xerofluvents, which are recent, flood deposits that are void of volcanic ash and are comprised mostly of sand gravels and cobbles (poor sites).  This group supports pioneer species such as Black cottonwood.   

2.  LTA La2 (L) Glacial Moraines, (a) Foliated Crystalline Rocks, (2) Douglas-fir Group.  All the areas surveyed in Chewuch River (Upper and Lower Chewuch River Watersheds), fall within La2.  

A majority of this LTA is located on the Colville National Forest, with a smaller amount on the northern portion of the Oka-Wen, and even smaller amounts on the southern end of the Forest.
The second largest population of S. marilanidca is located in this LTA (estimated over 800 individuals).  This population is mentioned above as being located within the aspen stand that burned 10 years ago.  One other population (estimated at 48 individuals) is also located in the LTA.
As illustrated in the block diagram, this LTA is located in low undulating topography.  
Soils in this LTA are depositional and composed of relatively deep volcanic ash surface horizons much like LTA Nu2.  Near surface ground water is readily available in the swale or lowland topographic positions through the growing season and these soils can support relatively dense vegetative.  Substrates in this LTA are composed of gravels, sand and boulders and have a low clay content which typically is associated with a low CEC (cation exchange capacity), and base elements such as calcium, magnesium and manganese.  Soil surface is composed of volcanic ash (fine sandy loams), which have fairly high CEC’s and suitable levels of base elements. La2 is composed of deep volcanic ash layers (over 14 inches) and there is deep organic matter accumulation.  Annual recruitment of the organic layer, which is also responsible for high CEC and base elements, is dependent upon fine material from existing vegetation (such as fruiting bodies, leaves and twigs, as opposed to large woody material).
[image: ]Specific soil great groups in LTA La2 are as followings:  Typic and Humic Vitrixerands (most common within LTA).  These soils have greater than 14 inches of volcanic ash surface soil horizons with relatively deep OM accumulation. Also these soils can have aquic soil moisture regimes which indicate that the surface horizons are continually wet for a good portion of the growing season (most productive for S. marilandica within this LTA).  Vitrandic Dystroxerepts are minor amounts of these soils and have shallow volcanic ash surface horizons with mineral soil components being relatively low in base saturation.  These are very infertile soils that are weakly developed and low in nutrient cycling for herbaceous and shrubby material. The only fertility for ground cover vegetation is tied up in the thin layer of volcanic ash (least productive for S. marilandica within this LTA).  Vitrandic Haploxeralfs are minor amounts of these soils that have very thin volcanic ash over a forested soil (not as supportive for S. marilandica within this LTA).

3. LTA Nj2 (N) Glaciated Trough Valley Bottoms, (j) Meta-Sedimentary Rocks – Marine, (2) Douglas-fir Group.  Areas surveyed in the Twisp River (Twisp River Watershed) and Lost River (Lost River Watershed) falls within Nj2.  

This LTA is predominately found on the Okanogan (northern portion of the Forest).

As illustrated in the block diagram, this LTA is location in very broad valley bottoms.  

The LTA Nj2 and the LTA Nu2 were formed by the same geomorphic process (which is a glacial fluvial outwash).  LTA Nj2 has basically the same soil site features except that Nj2 has a difference in substrate material.   With Nj2, the geologic material is more uniform and is made up meta-sedimentary rocks that can be more basic to calcareous in nature.   In contrast, Nu2 has an undifferentiated substrate of which is a mix of substrates that could have any bedrock, (undifferentiated).  S. marilandica has fibrous roots, thus relatively shallowly rooted and confined to the surface soil layer (which is volcanic ash in both Nj2 and Nu2).  If the species had a deeper rooting pattern, Nj2 would have better base nutrient materials for S. marilandica.   Like Nu2, subsurface water in Nj2 is more than adequate to support S. marilandica.

Specific soil great groups in LTA Nj2 are essentially the same as within LTA Nu2.



4. [image: ]LTA Lj2 (L) Glacial Marine, (2) Douglas-fir Group.  Lost River (Lost River Watershed). 

This LTA is predominately found on the Okanogan (northern portion of the Forest).

As illustrated in the block diagram, this LTA is location in low undulating topography.
Soils in this LTA are depositional and composed of relatively shallow volcanic ash surface horizons.   Near surface ground water is readily available only in the swale or lowland topographic positions through the growing season and these soils can support moderately dense vegetative conditions.  Lj2 has similar geologic substrates as LTA Nj2 above, but was formed by different geomorphic processes.  The geologic material is uniform and is made up of meta-sedimentary rocks that can be more basic to calcareous in nature and the surface soil layer is volcanic ash.  As with Nj2, if S. marilandica had a deeper rooting pattern, Lj2 would have a large amount of base nutrient materials to support the species.   
Specific soil great groups in LTA Lj2 are as followings:  Vitrandic Haploxerepts and Vitrandic Haploxerolls.  These soils have less than 10 inches of volcanic ash surface horizons over poorly developed soils, which are moderately productive soil for S. marilandica.

5. [image: ]LTA Mu2 (M) Meltwater Canyons and Coulees, (u) Undifferentiated, (2) Douglas-fir Group.

Areas surveyed in the San Poil River (West Fork San Poil River Watershed) and Lost River (Lost River Watershed) falls within Mu2.  
This LTA is predominately found on the Colville National Forest.  Then, secondarily on the Okanogan end of the Okanogan-Wenatchee N.F.


The Mu2 Landtype was formed by major flows of glacial melt water, which was funneled and channeled into the area.  As a result, Mu2 has steep canyon walls which are shallow to bedrock.  The surface soil is composed of a relatively shallow layer of volcanic ash.  The bottoms will have a volcanic ash influence, as they were deposited after the glacial melt.   However, Mu2 will not have as thick of a volcanic layer or as much organic material as the LTA’s mentioned above.  These sites are drier as they are further from the crest, and there is not as much subsurface water available to vegetation.  The vegetation is typically very dense immediately adjacent to a water source, and then becomes less dense away from the riparian area as you move towards the canyon walls.    The annual recruitment of organic materials on the soils is less than other LTA’s mentioned above.  

Specific soil great groups in LTA Mu2 are as followings: Vitrandic Haploxerepts (most common within LTA).   These soils have less than 10 inches of ash over poorly developed soils, making them moderately productive for S. marilandica within this LTA.  Typic Vitrixerands are minor amounts of the soils with deep surface horizons of volcanic ash and relatively deep organic matter, typically more moist and found along riparian areas (most productive for S. marilandica within this LTA).  Andic Haploxerepts, these soils have less than 10 inches of ash over poorly developed soils and are moderately supportive of S. marilandica within this LTA.

SUMMARY OF LTA SOIL RESULTS AND INTERRELATIONSHIPS
For each soil sample site, Table 1 below will list the corresponding LTA, soil type, and soil test results.  A discussion below the table will touch on the interrelationships between each of these factors and how conducive they are to S. marilandica.
The optimum range for calcium in soil samples is between 600-4000 ppm.   The optimum range for CEC for the soil types collected is between 25-33 meg/100g.



Table 1: Summary of Soil Sample Results from Areas Surveyed
	Soil Sample Site
	LTA
	Common Soil Type
	Available Calcium Test Result (ppm)
***
	CEC Test Result
(meg/100g)
***



	Early Winters Creek (Upper Methow River Watershed). No plants found
	Nu2
	Typic Vitrixerands
	Excessive (11200 ppm)
	66.0

	Twisp River Watershed. No plants found.
	Nj2
	Typic Vitrixerands
	Optimum range (2400 ppm)
	25.0

	Chewuch River  Watershed at large known population (1000 + plants)
	Nu2
	Typic Vitrixerands
	Above optimum (4120 ppm)
	38.0

	Chewuch River Watershed at known population (8 plants)
	Nu2
	Typic Vitrixerands
	Optimum range (2740 ppm).  
	33.6 

	San Poil River Watershed at known population (75 plants)
	Mu2
	Vitrandic Haploxerepts
	Optimum range (699 ppm)
	7.5

	 **CEC is measured in millequivalents per 100 grams of soil (meq/100g). A meq is the number of   ions which total a specific quantity of electrical charges.  Following are the common soil nutrient cations and the amounts in pounds per acre that equal 1 meq/100g: 
  Calcium (Ca++)    -  400 lb./acre
  Magnesium (Mg++)  -  240 lb./acre
  Potassium (K+)       780 lb./acre
  Ammonium (NH4+)   -  360 lb./acre



Available calcium levels at Early Winters Creek (LTA Nu2) along Hwy 20, indicated the site had excessive levels of calcium (11200 ppm) and a much higher than normal CEC.  Calcium and CEC levels could be at a higher level, from salt runoffs by winter road salting on Highway 20.  Given the exceedingly high levels of calcium and CEC at this site and the influence of road salting, it is difficult to determine if soil site conditions are conducive to S.marilandica.
Soil samples taken from the San Poil River (LTA Mu2) indicate that calcium levels are within the optimum range, but at the lower levels of the range.  The CEC levels are expected to be lower at this site as it is relatively arid compared to all the other sites visited.  Soil site conditions in a narrow band directly along the river where soil samples were taken are conducive to S.marilandica.  However, outside of that narrow band, soil site conditions will become less supportive to S.marilandica.
The Nu2 and Nj2 LTA’s have calcium availability and CEC levels within or exceeding the optimum range.  This is due to the deep surface horizons of volcanic ash and organic layers with optimum amounts soil water availability.
The second largest population falls within the La2 LTA.  This population of S. marilandica is located within the aspen stand that burned 10 years ago.  One other population (estimated at 48 individuals) is also located in the LTA.  These two populations are on the transitional zone between LTA’s Nu2 and La2.   When La2 is adjacent to the Nu2, site factors could provide ideal conditions for S. marilandica.  The adjacency of these two LTA’s combines a deep volcanic ash layer with thick accumulation of organic materials.  In addition, along the transition zone between these two LTA’s, there is extremely high subsurface water content from LTA Nu2.  According to the soil tests, these ash soils have a humic horizon, which is a deep organic layer over the volcanic ash that has aquic moisture regimes (which could indicate that part of the volcanic ash layer is saturated for as many as 90 consecutive days during the growing season).   S. marilandica seems to prefer perennially-ephemerally moist soils, but not constantly saturated soils
Soil data taken from S. marilandica sighting forms suggest the species prefers soils surfaces developed of a deep organic alluvium with a deep, organic, humus and litter layer.  These soil -site factors are present in LTA’s Nu2, Nj2 and LA2.  A dry, thick leaf and needle duff in some sites has been recorded to be 2 inches deep. 
In summary, it could be hypothesized that there are five site factors present in the LTA model that provide potentially suitable habitat to support S. marilandica: 1) soils greater than 14 inches of surface volcanic ash; 2) valley bottom setting; 3) prevalent near surface ground water; 4) organic matter accumulations; 5) Douglas-fir Plant Association Group, which is in extensive continental climate zones on warm, dry sites.   These five soil site factors predominately occur in La2 and Nu2 LTA’s.   S. marilandica could be highly dependent on valley bottom areas that have relatively deep surface horizons of volcanic ash with deep accumulations of organic matter, where subsurface water is readily available.  As reflected in Table 1, this combination of LTA and soil-site features does appear to be interrelated.  These LTA’s and soil site conditions provide adequate nutrient cycling and organic matter recruitment to provide optimum conditions for S. marilandica.




Appendix E.  Climate Data for Washington State.


[image: Washington_tavg_Annual]

Figure 6.  Washington Mean Temperature – Annual (NOAA National Climatic Data Center 2015).  The graph clearly shows the temperature increasing over time.





[image: precipitation]

Figure 7.  Precipitation Data for Washington State (NOAA National Centers for Environmental Information 2016).  The LOESS shows the trend for drier conditions since 1990.
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