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Introduction

Global climate change, with its projected increases in mean annual temperatures, alteration of
precipitation patterns, and more unpredictable and extreme weather conditions, has emerged as
one of the primary threats to the survival of many rare plant and animal species (IPPC 2014;
Parmesan and Hanley 2015; Thomas etal. 2004). In order to develop conservation and
mitigation strategies, it is imperative that land managers be able to predict how species and plant
communities might respond to current and future changes in climate (Anacker etal. 2013; Glick
et al. 2011; Still etal. 2015; Young et al. 2015).

The Climate Change Vulnerability Index (CCVI) was developed by NatureServe to assess the
response of plant and animal species (Young etal. 2016) or vegetation types (Comer et al. 2019)
to projected climate change. The CCVIemploys 29 climatic and biological variables to derive
an overall vulnerability score, ranging from extremely vulnerable to less vulnerable (or
“nsufficient evidence” if adequate data are not available). Climate variables include modeled
and projected temperature increase, historical temperature variability, physiological thermal
niche, moisture availability, historical variation in mean annual precipitation, physiological
hydrologic niche, and dependence on snowpack. Biological variables include habitat specificity,
dispersal ability, competition, pollination biology, and genetic diversity.

In 2019, the Washington Natural Heritage Program (WNHP) received funding from the US Fish
and Wildlife Service (USFWS) to apply CCVI protocols to five federally listed plant species
(Fertig 2021a; Kleinknecht et al. 2019). WNHP also received funding from the Interagency
Special Status and Sensitive Species Program (ISSSSP) of the US Forest Service (USFS) and
Bureau of Land Management (BLM) to apply the CCVI protocol to 47 plant species listed as
agency Sensitive by USFS and BLM (ISSSP 2019). Fertig (2020) provided a summary of this
first set of completed models (hereafter referred to as “Phase I” of this project). In 2020, USFS
provided additional funding for “Phase II”, consisting of CCVI reports for 55 new plant species
listed as BLM or USFS Sensitive or WNHP species of concern (Fertig 2021b). The following
report includes the results of these Phase 11 assessments (Appendix A), aswell asa summary of
all 107 CCVI reports completed from 2019-2021 for Washington rare plant species.

Methods

In 2020, ISSSSP staff identified an initial set of 124 USFS and BLM Sensitive species for
potential CCVI assessment as part of Phase 11 of this project, of which 55 were completed
(Appendix A). These species were selected to represent a variety of taxonomic groups and a
cross section of habitats, geographic patterns, and rarity types (such as narrow endemics,
regional endemics, disjuncts, or species at the periphery of their range). Some species from the
intial target list were excluded because they were dropped from the draft 2021 ISSSSP Sensitive
species list (released after the project began) (Fertig 2021b).

CCVI reports were prepared using the NatureServe Climate Change Vulnerability Calculator
Release 3.02 in MS Office Excel (https://www.natureserve.org/conservation-tools/climate-
change-vulnerability-index). GIS maps of projected local temperature change, moisture
availability (based on the ratio of actual to predicted evapotranspiration), historical thermal
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niche, and historical hydrological niche were developed for each species by intersecting base
map layers from NatureServe (www.natureserve.org/ccvi and
www.fs.usda.gov/ccrc/tool/climate-wizard) with element occurrence records from the WNHP
Biotics database. Values from these maps were entered directly into the CCVI calculator or
scored following criteria in the document Guidelines for Using the NatureServe Climate Change
Vulnerability Index (Young et al. 2016).

Scores for environmental and life history traits of each species were derived from a review of
pertinent literature. Information on current habitat characteristics were based on Biotics records,
the Field Guide to Rare Plants of Washington (Camp and Gamon 2011; Washington Natural
Heritage Program 2021), and Ecological Systems of Washington State: A Guide to Identification
(Rocchio and Crawford 2015). Additional information on potential impacts from climate change
to ecological systems was derived from Rocchio and Ramm-Granberg (2017).

Each of the 29 climatic and biological factors were scoredas Greatly Increase, Increase,
Somewhat Increase, or Neutral based on the likely response of each target species to climate
change (Table 1) and using scoring criteria defined by Young et al. (2016). If data were lacking,
a score of “unknown” was given. A final Index Score was derived from these factor scores by
the CCVI calculator and a confidence score provided based on the number of criteria assessed.
CCVI scores fall into five categories ranging from Extremely Vulnerable to Less Vulnerable
(Table 2), depending on the degree to which a species is likely to be impacted by climate change
in the state by 2050 (Young etal. 2016).

Results and Discussion
Phase Il Results

Of the 55 vascular plant species examined in Phase Il of this project, only two (Draba cana and
Polemonium viscosum) scored as Extremely Vulnerable to climate change (Table 3, Appendix
A). Both of these are alpine species from the Okanogan Range that occur in areas projected to
have increased temperatures, more pronounced temperature variability, and reduced snowpack
(Tables 3, 4). These species also have limited dispersal capability, occur on uncommon geologic
substrates, and have potential reproductive constraints (Table 4).

Twenty-one species in Phase Il scored as Highly Vulnerable to climate change (Table 3). Nine
of these species (43%) are from alpine habitats and eight (38%) occur in peatlands, wet
meadows, or riparian sites. Eighty-one percent of Highly Vulnerable species have somewhat to
greatly increased risk from rising temperatures (historical thermal niche) and 100% are
associated with cool or cold environments (physiological thermal niche) (Table 4). These
species are also correlated with moister sites (90% based on the ratio of actual to potential
evapotranspiration) and are strongly dependent on seasonal moisture sources (100% have
somewhat to greatly increased risk based on their physiological hydrological niche), and
adequate winter ice or snow (90%) (Table 4). Highly vulnerable species are also associated with
specialized geologic substrates or landforms (71%), have dispersal limitations (90%), or low
genetic variability or reproductive constraints (52%) (Table 4).
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Table 1. Scoring for Individual Climate and Biological Factors used

to Generate Climate Change Vulnerability Index Scores. Factors can
also be scored as Unknown when appropriate. Intermediate scores (i.e. Somewhat
Increase/Neutral) are allowed. See Young etal. (2016) for more details.

Section A: Local Climate

Ranking Factor

Condition

Score

1. Temperature Severity (projected local
temperature change)

>6.0° F (3.3°C) warmer

5.6-6.0° F (3.2-3.3°C) warmer

5.0-5.5° F (2.8-3.1°C) warmer

4.5-5.0° F (2.5-2.7°C) warmer

3.9-4.4° F (2.2-2.4°C) warmer

<3.9° F (2.2°C) warmer

% of populations,
based onmap in
Figure 1 of each
CCVI (seeappendix)

2. Hamon AET:PET moisture (projected
decrease in available moisture based on
ratio of actualto potential
evapotranspiration)

<-0.119

-0.097 t0-0.119

-0.074 to - 0.096

-0.051 to - 0.073

-0.028 to -0.050

% of populations,
based onmap in
Figure 2 of each
CCVI (seeappendix)

Ranking Factor

1. Sealevelrise (% of areasubjectto
sealevelrise)

>-0.028
Section B: Indirect Exposure to Climate Change
Condition Score
>90% Greatly Increase
50-90% Increase
10-49% Somewhat Increase
<10% Neutral

2a. Distribution relativeto natural
barriers (degree to which natural barriers
restrict the ability of a speciesto
migrate)

Barriers completely oralmost completely
surround current range

Greatly Increase

Barriers will greatly impede migration

Increase

Barriers somewhat impede migration

Somewhat Increase

Barriers are minor ornot present

Neutral

2b. Distributionrelative to
anthropogenic barriers (degree towhich
human-created barriers restrict the
ability of a species to migrate)

Barriers completely oralmost completely
surround current range

Greatly Increase

Barriers will greatly impede migration

Increase

Barriers somewhat impede migration

Somewhat Increase

Barriers are minor ornot present

Neutral

3. Impacts fromclimate change
mitigation (effects of seawalls, tree
plantations, renewable energy projects
and other infrastructureon life history of

Known to be incompatible and likely to be
constructed

Greatly Increase

Known to be incompatible and may be
constructed

Somewhat Increase

a species) Not likely to be impacted Neutral
Section C: Sensitivity and Adaptive Capacity
Ranking Factor Condition Score

1. Dispersaland movements (degreeto
which aspecies is physically capable of
dispersing)

Severely restricted dispersal (<10 m)

Greatly Increase

Highly restricted dispersal (10-100 m)

Increase

Moderately restricted dispersal (100-
1,000m)

Somewhat Increase

Good to excellent dispersal (>1,000 m)

Neutral




Ranking Factor

Condition

Score

2ai Change in historical thermal niche
(exposure to large scale temperature
variation in past 50 years) Based on
Figure 3in each CCVI report (see
appendix)

Very small temperature variation (<37°F or
20.8°C)

Greatly Increase

Small temperature variation (37-47°F or
20.8-26.3°C)

Increase

Slightly lower than average temperature
variation (47.1-57°F or 26.3-31.8°C)

Somewhat Increase

Averagetemperature variation (57.1-77°F
or 31.8-43.0°C)

Neutral

2aii. Change in physiological thermal
niche (degree to whicha speciesis
dependenton cool or cold conditions)

>90% of occurrences restrictedto cool or
cold sites

Greatly Increase

50-90% ofoccurrences restricted to coolor
cold sites

Increase

10-50% of occurrences restricted to cool or
cold sites

Somewhat Increase

Species is not restrictedto cool or cold sites

Neutral

2bi. Changes in historical hydrological
niche (exposure toprecipitation
variationsin the past 50 years). Based on
Figure 4 in each CCVI report (see
appendix)

Very small precipitation variation (<4
inches or 100 mm)

Greatly Increase

Small precipitation variation (4-10 inches or
100-254 mm)

Increase

Slightly lower than average precipitation
variation (11-20 inches or 255-508 mm)

Somewhat Increase

Average (20-40 inches or 508-1016 mm) or
greaterthanaverage (>40inches or>1016
mm) precipitationvariation

Neutral

2bii. Changesin physiological
hydrological niche (dependence ona
narrowly defined precipitationor
hydrologic regime or specific aquatic or
wetland habitat (i.e. vernal pool, spring)

>90% of occurrences dependenton a
specific aquatic or wetland habitat

Greatly Increase

50-90% ofoccurrences dependent ona
strongly seasonal water source or specific
wetland habitat

Increase

10-50% of occurrences dependent ona
strongly seasonal water source or specific
wetland habitat

Somewhat Increase

Species notdependent on a strongly Neutral
seasonal water source or specific wetland
habitat

2c. Dependence on specific disturbance | Strongly affected by change in disturbance | Increase

regime (effect of climate change on
increasing disturbanceoraltering
existing disturbance patterns)

regime

Moderately affected by changein
disturbance regime

Somewhat Increase

Little or no responseto a specific
disturbance regime

Neutral

2d. Dependence onice or snow-covered
habitats

>80% of populations dependent

Greatly Increase

50-80% of populations dependent

Increase

10-49% of populations dependent

Somewhat Increase

Little dependenceon ice orsnow

Neutral

Ranking Factor

Condition

Score

3. Restricted to uncommon
landscape/geological features

Highly dependent (>85% of populations
restricted touncommon features)

Increase

Moderately dependent (65-85% of
populations restricted to uncommon
features)

Somewhat Increase

Not dependent, or found on widely
occurring landscape or geologic features

Neutral




Ranking Factor

Condition

Score

4a. Dependence on others species to
generaterequired habitat

Required habitat is generated primarily by
one species

Increase

Required habitat is generated by only a few
species

Somewhat Increase

Required habitat is generated by many
species, or not species-dependent

Neutral

4b. Dietary versatility (reliant on other species for nutrition)

Not applicable for
plants

4c. Pollinator versatility (dependence on
animal species for pollination)

Dependenton one species for pollination

Increase

Dependenton 2-4 species for pollination

Somewhat Increase

Dependenton 5ormore species for
pollination, ornot reliant on animals for
pollination (i.e. wind-pollinated plants)

Neutral

4d. Dependence onother species for
propagule (fruit or seed) dispersal

Completely ornearly completely dependent
on asingle animal species

Increase

Dependenton asmallnumber of species

Somewhat Increase

Dispersed by many species, ornot
dependenton animals fordispersal

Neutral

4e. Sensitivity to pathogens or natural
enemies (vulnerability to diseaseor
increased herbivory)

Strong negative impact fromdisease or
herbivory due to climate change

Increase

Moderate negative impact fromdiseaseor
herbivory due to climate change

Somewhat Increase

Not affected by disease or herbivorydueto | Neutral
climate change, orimpacts will be lessened
4f. Sensitivity to competitionfrom Strongly affected by competitionthat is Increase

native or non-native species
(competition for resources, suchas
space, light, and nutrients)

likely to increase with climate change

Moderately affected by competition thatis
likely to increase with climate change

Somewhat Increase

Not affected by competition or competition | Neutral
is likely to decrease with climate change
4g. Forms part ofan interspecific Requires an interactionwith asingle species | Increase

interaction not coveredabove (species
with mutualistic relationships)

for persistence

Requires an interactionwith a group of
similar species for persistence (e.g.
mycorrhizal relationships)

Somewhat Increase

Does not require an interactionwith another | Neutral
species, ormany species can fulfill this role
5a. Measured genetic diversity Very low Increase
Low Somewhat Increase
Average Neutral
5b. Genetic bottlenecks (likelihood of Evidence thatpopulation was reducedto Increase

extremely low genetic diversity in the
past dueto reduced population numbers
or number of occurrences)

<250 mature individualsin 1 occurrence (or
>70% range reduction) in past 500 years

Evidence thatpopulationwas reducedto
251-1000 mature individuals in <10
occurrences (or 30-70% range reduction) in
past 500years

Somewhat Increase

No evidence that populationwas reduced to
<1000 mature individuals orrange was
reduced by >30% in part 500 years

Neutral




Ranking Factor

Condition

Score

5c. Reproductive system(breeding
systemofspecies and how it likely
affects genetic variability; only used if
C5a and C5b are “unknown”

Species only reproduces asexually; genetic
diversity assumed to be very low

Increase

Species has mixed or obligate outcrossing,
but genetic diversity assumedto be lowdue
to barriers to gene flow, range disjunction,
or outbreeding depression

Somewhat Increase

Species with mixed or obligate outcrossing | Neutral
without major barriers to geneflowand
presumed to haveaveragegenetic diversity

6. Phenological response to changing Seasonaltemperatureor precipitation has Increase

seasonaland precipitation dynamics

changed, but phenology has not changed

Seasonaltemperature or precipitation has
changed, and phenology has changed to
small degree

Somewhat Increase

Seasonaltemperatureor precipitation and
phenology have changed in similar way, or
seasonal dynamics havenotchanged

Neutral

SectionD:

Documented or Modeled Response

Ranking Factor

Condition

Score

D1. Documented responseto recent
climate change (rangeshifts or changes
in abundancehave occurredover last 10
years or 3generations dueto climate
change)

Distribution orabundance undergoing
major reduction (>70%)

Greatly Increase

Distribution orabundance undergoing
moderate reduction (30-70%)

Increase

Distribution orabundance undergoing small
reduction (10-30%)

Somewhat Increase

Distribution orabundance not decreasing,
or speciesis expandingrangeand
increasing

Neutral

D2. Modeled future (2050) change in
population or range size within the
assessment area (based on “middle of
road” climate projections)

Species is predictedto become extirpated

Greatly Increase

Predicted range orabundance decreases 50-
99%

Increase

Predicted range orabundance decreases 20-
50%

Somewhat Increase

Predicted rangeorabundance remains static
or increases

Neutral

D3. Overlap of modeled future (2050)
range with current range

No overlap between currentand predicted
future range

Greatly Increase

Predicted future range overlaps with current
range by 30% or less

Increase

Predicted future range overlaps with current

Somewhat Increase

range by 30-60%
Predicted future range overlaps with current | Neutral
range by >60%

D4. Occurrenceof protectedareas in <5% of modeled future distributionis Increase

modeled future (2050) distribution
(protected areas include national parks,
wildlife refuges, wilderness areas, and
naturalareas thatare protected from
outright habitat destruction by human
activities)

encompassed by one or more protected
areas

5-30% of modeled future distributionis
encompassed by one or more protected
areas

Somewhat Increase

>30% of modeled future distribution is
encompassed by one or more protected
areas

Neutral




Table 2. Definitions of Climate Change Vulnerability Index (CCVI)
Summary Scores (from Young et al. 2016).

CCVI Summary Score Definition

Bxtremely Vulnerable (EV) Abundance orrangeextent within the assessmentarea is extremely
likely to substantially decrease or disappear by 2050

Highly Vulnerable (HV) Abundance or rangeextent within the assessmentarea is likely to
decrease significantly by 2050

Moderately Vulnerable (MV) Abundance or rangeextent within the assessmentarea is likely to
decrease by 2050

Less Vulnerable (LV) Available evidence does notsuggest that abundance or range extent
within the assessmentarea will change (increase or decrease) by 2050

Insufficient Evidence (IE) Information to assess species vulnerability is inadequate

The majority of species assessed in Phase 11 (31 of 55) scored as Moderately Vulnerable to
climate change (Table 3). Unlike the species rated Extremely or Highly Vulnerable, the
Moderately Vulnerable taxa are not strongly correlated with specific geographic areas or
habitats. Moderately Vulnerable species are distributed over 14 different geographic regions of
the state, with the highest number (13 taxa or 42%) from the Columbia Plateau ecoregion.
Species rated Moderately Vulnerable occur in 15 major habitat types, of which the largest
number (10 taxa or 32%) are found on cliffs or talus. In general, Moderately Vulnerable species
are more likely to be associated with drier or hotter sites than species rated Extremely or Highly
Vulnerable. Only 48% of Moderately Vulnerable species are at somewhat to greatly increased
risk from rising temperatures (historical thermal niche) and 68% are associated with cool or cold
environments (physiological thermal niche) (Table 4). Likewise, Moderately Vulnerable taxa
are less correlated with moister sites (52% based on AET:PET ratio) or dependent on sufficient
winter ice and snow (58%) (Table 4). These species are also less restricted to uncommon
geologic types or landforms (48%), have dispersal limitations (74%), or reproductive/genetic
issues (29%) (Table 4).

Leptosiphon bolanderi is the only species assessed in Phase Il to score as Less Vulnerable to
climate change (Table 3). This species occurs in naturally disturbed soils within Oregon oak
communities in the southern Cascades and is adapted to dry and warm sites (Table 4). It may
actually benefit from increased disturbance from fire or drought under projected climate change
(Appendix A). [continued on page 18]



Table 3. Summary of Climate Change Vulnerability Index scores for
55 Washington rare plant taxa assessedin Phase Il. wa status:Bs= BLM

Sensitive; FS = US Forest Service Sensitive; WE =Washington State Endangered, WEx= Washington State

Extirpated; WS = Washington State Sensitive; WT=Washington State Threatened (Fertig 2021b). CCVI Score:

EV = Extremely Vulnerable; HV = Highly Vulnerable; LV = Less Vulnerable; MV=Maoderately Vulnerable.

Species Heritage | WA Status Major Geographic CCviI
(Common Name) Rank Habitat Distribution Score
Alliumconstrictum G2G3/S2S3 BS, WS Vernal pools NW Columbia MV
(constricted onion) Plateau
Anemone patens var. G5T5/S1 BS, FS, WS Montane talus Wenatchee HV
multifida slopes & Mountains
(pasqueflower) meadows
Arabis olympica GH/SH FS, WEx Alpine meadows | Olympic Range HV
(Olympic rockcress)
Arcteranthis cooleyae G5/S1 BS, FS,WS [ Rocky cliffs Olympic Range & MV
(Cooley’s buttercup) North Cascades
Astragalus arrectus G2(4/S2 BS, FS,WT [ Sagebrush& E ColumbiaPlateau | MV
(Palouse milkvetch) grasslands
Astragalus arthuri G4/S2 BS, FS, WS | Palouse Blue Mountain MV
(Arthur’s milkvetch) grasslands foothills
Astragalus australis var. G2Q/S2 BS, FS,WT | Alpinetalus & Olympic Range HV
cottonii scree
(Cotton’s milkvetch)
Astragalus microcystis G5/S2 BS, FS,WS | Alpineand Olympic Range & MV
(least bladdery milkvetch) riverbankgravel | NE Washington
rivers
Astragalus misellus var. G3T3/S2 BS, WT Sagebrushridges | W Columbia Plateau | MV
pauper
(pauper milkvetch)
Carexcircinata Gh/S1 BS, FS,WS | Cliffs & wet Olympic Range MV
(coiled sedge) meadows
Carex heteroneura G5/S2S3 FS, WS Montane moist OkanoganRange HV
(smooth-fruited sedge) meadows
Carex pauciflora G5/S2 BS, FS, WS | Peatlands North Cascades & HV
(few-flowered sedge) Puget Trough
Carexvallicola Gh/S2 BS, FS,WS | Montanedry OkanoganPlateau & | HV
(valley sedge) meadows & N Columbia Plateau
sagebrush
Castilleja cryptantha G2G3/S2S3 BS, FS, WS | Alpine/sub-alpine | West Cascades HV
(obscure paintbrush) meadows
Chaenactis thompsonii G3/S3 BS, FS, WS | Serpentineslopes | Wenatchee MV
(Thompson’s chaenactis) Mountains
Cicutabulbifera G5/S2S3 BS, FS, WS | Peatlands, Canadian Rockies, | MV
(bulb-bearing water marshes, floaring | East Cascades, &
hemlock) mats Puget Trough
Coptisaspleniifolia G5/S2 BS, FS,WS | Wetareas inold Olympic Peninsula | MV
(spleenwort-leaved growth red & North Cascades
goldthread) cedar/hemlock
forests




Species Heritage | WA Status Major Geographic CCvi
(Common Name) Rank Habitat Distribution Score

Cryptantharostellata G4/S2 BS, FS,WS | Sagebrushslopes | ColumbiaPlateau MV
(beaked cryptantha)
Dactylorhizaviridis G5/S1 BS, FS, WS | Seasonally moist | E OkanoganRange | HV
(frog orchid) areas in Douglas-

fir/aspen forests
Damasonium californicum | G4/S1 FS, WS Shallowscabland | Columbia River MV
(fringed water-plantain) ponds Gorge
Dendrolycopodium G5/S2 BS, FS,WS | Rockoutcropsat | Canadian Rockies & | MV
dendroideum edge of conifer North Cascades
(tree clubmoss) forests
Drabacana G5/S1 BS, FS,WS [ Alpineslopes OkanoganRange EV
(lance-leaveddraba)
Draba taylorii G1G2/s1 FS, WE Alpine/sub-alpine | OkanoganRange HV
(Taylor’s draba) slopes
Erigeronaliceae G4/S2 BS, WS Talus slopes & Olympic Range & MV
(Eastwood’s daisy) wet meadows Willapa Hills
Erigeronbasalticus G2/S2 BS, WT Basalt cliffs Yakima River MV
(basalt daisy) Canyon
Eritrichiumargenteum G4/S1 BS, FS,WS [ Alpine meadows | Okanogan HV
(pale alpine forget-me-not) Range/East

Cascades

Eryngium petiolatum G4/S2 WS (formerly | Seasonally wet Puget Trough & MV
(Oregon coyote-thistle) BS & FS) meadows East Cascades
Erythranthe pulsiferae G4?/S2 BS, FS, WS | Seasonally wet Columbia River MV
(candelabrum meadows & forest | Gorge & southern
monkeyflower) openings Cascades
Gentiana douglasiana G5/S2 FS, BS, WS | Moist meadows, | Olympic Peninsula | HV
(swamp gentian) oftenseasonally | & central Cascades

flooded
Geumrossii var. G5T1/S1 FS, WE Alpine/sub-alpine | Wenatchee HV
depressum talus Mountains
(Ross’ avens)
Hackeliahispidavar. GAT3/S3 BS, WS Basalt cliffs & NW Columbia MV
disjuncta talus Plateau
(sagebrush stickseed)
Juncusuncialis G3G4/52 BS, WT Vernal pools N Columbia Plateau | MV
(inch-high rush)
Leptosiphonbolanderi G4G5/S2 BS, FS, WS | Bare rocky SouthernCascades | LV
(Bolander’s linanthus) openinginwhite | & Columbia River

oak forest Gorge
Lomatiumknokei G1/S1 BS, FS, WE [ Seasonally moist | Cle Elum Ridge, HV
(Knoke’s biscuitroot) meadows East Cascades
Lomatium lithosolamans G2G3/S2S3 BS, WS Sagebrushsteppe | W ColumbiaPlateau | MV
(Hoover’s biscuitroot) on lithosols & East Cascades
Lomatium serpentinum G4/S2 BS, WS Basalt cliffs above | Snake River HV
(Snake Canyon biscuitroot) river drainage, SE

Washington




Species Heritage | WA Status | Major Geographic Ccvi
(Common Name) Rank Habitat Distribution Score
Luzula arcuatassp. GbT4T5/S1 FS, WS Alpine/sub-alpine | Okanogan HV
unalaschcensis ridges & Mountains and
(curved woodrush) meadows Cascades
Micranthes tischii G2/S1? FS, WE Alpine/sub-alpine | Olympic Range HV
(Olympic saxifrage) ridges
Myosurus alopecuroides G3?/S2 BS, WT Vernal pools Columbia Plateau MV
(foxtail mousetail)
Orthocarpus bracteosus G3?/S2 BS, FS, WT [ Moist meadows SouthernCascades | HV
(rosy owl’s-clover) & Puget Trough
Pellaeabreweri G5/S2 FS, WS Bedrockcliffs Olympic Range, MV
(Brewer’s cliffbrake) Cascades, &
OkanoganRange
Penstemoneriantherus var. | G4G5T2/S2 BS, FS, WT | Sparsely East Cascades & MV
whitedii vegetatedridges | Columbia River
(Whited’s fuzzytongue & canyons
beardtongue)
Petrophytum caespitosum | G5T5/S1 BS, WS Limestone cliffs Blue Mountains HV
Ssp. caespitosum
(Rocky Mountain rockmat)
Phacelia lenta G2?/S2? BS, WT Basalt cliffs NW Columbia MV
(Sticky phacelia) Plateau
Polemoniumviscosum G5/S2 BS, FS,WS [ Alpinetalus Okanogan EV
(sticky sky-pilot) slopes Mountains
Ranunculus califomicus G5/S1 BS, WS Coastalbluffs & | SanJuan Islands MV
(California buttercup) grasslands
Ribescereumvar. G5T3/S1 BS, FS, WE | Streamsinrocky | Snake River Canyon | HV
colubrinum canyons & Blue Mountains
(wax currant)
Sabulina nuttallii var. G5T4/S1 BS, WS Basalt talus ridges | Columbia Plateau MV
fragilis
(Nuttall’s sandwort)
Salix maccalliana G5/S1 BS, FS,WS | Peatlands & Okanogan HV
(MacCalla’s willow) forestedwetlands | Mountains &
Canadian Rockies
Sanicula arctopoides G5/S1 BS, WS Coastal bluffs SanJuanlslands& | MV
(bear’s-footsanicle) Pacific Coast
Silene seelyi G3/S3 BS, FS, WS | Shady cliffs Wenatchee MV
(Seely’s catchfly) Mountains
Spartinapectinata G5/S2 BS, FS,WS [ Riverbanks & Columbia River & MV
(prairie cordgrass) marshes tributaries
Trilliumalbidumssp. G4G5T2T3/S | WS (formerly | Moistareasin Puget Trough MV
parviflorum 2S3 BS, FS) Oregon ash/ white
(small-flowered trillium) oakforest
Utriculariaintermedia G5/S2S3 BS, FS,WS [ Ponds, streams, & | Olympic Peninsula | MV
(flat-leaved bladderwort) wet meadows & Cascades
Veronicadissectavar. G4T3/S2 BS, FS,WT | Alpinetalus & Olympic Range HV
lanuginosa meadows

(woolly kittentails)
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Table 4. Comparison of SelectedVariables in Climate Change Vulnerability Index scores for

107 Washington rare plant taxa assessedin Phases | and II.

An * indicates species assessed in Phase Il. See sample CCVI reports in Appendix A for complete list of all variables usedand Younget al. (2016) for scoring
criteria. CCVI scores: EV = Extremely Vulnerable, HV = Highly Vulnerable, LV = Less Vulnerable, M = Moderately Vulnerable. AET:PET (Moisture
Availability): the 6 categories used in the CCVI are simplified here as “drier” (for values ranging from>-0.073) and “moister” (for values <-0.074). Disp =
Dispersaland Movements. Hist ThermN = Historical Thermal Niche. Phys ThermN = Physiological Thermal Niche. Hist Hydr N = Historical Hydrological

Niche.Phys Hydr N = Physiological Hydrological Niche. Ice/Snow = Dependence on ice or snow-covered habitats. Geol = Restricted to uncommon

landscape/geological features. Genes =combinationof 3 criteria: Measured genetic variation, genetic bottlenecks, and reproductive system. Scoring: G Inc: =
Greatly Increased vulnerability; Inc = Increased vulnerability, S Inc: = Somewhat Increased Vulnerability ; Neut = Neutral vulnerability, Unk = Unknown.

Species CCVI | AET: Disp Hist Phys Hist Phys Ice/ Geol | Genes

(Common Name) Score PET Therm N | Therm N | Hydr N | Hydr N | Snow
Allium campanulatum LV Moister Sinc Sinc Neut Neut Neut Neut Neut Neut
(Sierra onion)
*Allium constrictum MV Drier Sinc Neut Neut Sinc Glinc Neut Sinc Sinc
(constricted onion)
*Anemone patens var. multifida | HV Moister Inc Sinc Sinc Neut Sinc Sinc Sinc Sinc
(pasqueflower)
*Arabis olympica HV Moister Sinc Glinc Inc Neut Sinc Inc Sinc Inc
(Olympic rockcress)
*Arcteranthis cooleyae MV Moister Inc/ S| Sinc Inc Neut Sinc Sinc Sinc Neut
(Cooley’s buttercup) Inc
*Astragalus arrectus MV Drier Sinc Neut Neut Sinc Sinc Neut Neut Neut
(Palouse milkvetch)
*Astragalusarthuri MV Moister Sinc Neut Neut Sinc Sinc Neut Neut Neut
(Arthur’s milkvetch)
Astragalus asotinensis HV Moister Sinc Neut Neut Sinc Sinc Neut Inc Neut
(Asotin milkvetch)
*Astragalus australis var. HV Moister Inc GlInc Inc Neut Sinc Sinc Sinc Sinc
cottonii
(Cotton’s milkvetch)
Astragalus columbianus MV Drier Sinc Neut Neut Inc Sinc Neut Neut Neut
(Columbia milkvetch)
*Astragalus microcystis MV Moister Sinc S Inc/Neut | Inc/Sinc Neut Inc/Sinc | Slinc Sinc/ Neut
(least bladdery milkvetch) Neut
*Astragalus misellus var. pauper | MV Drier Sinc Neut Neut Inc Sinc Neut Sinc/ Neut
(pauper milkvetch) Neut
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Species CCVI | AET: | Disp Hist Phys Hist Phys Ice/ Geol | Genes

(Common Name) Score PET Therm N | Therm N | Hydr N | Hydr N | Snow
Carex anthoxanthea MV Moister Sinc GrInc Sinc Neut Sinc Inc Neut Neut
(Yellow-flowered sedge)
Carex chordorrhiza HV Moister Sinc Inc Sinc Neut Sinc Inc Neut Neut
(Cordroot sedge)
*Carexcircinata MV Moister Sinc Glnc Inc Neut Sinc Inc Neut Neut
(coiled sedge)
*Carex heteroneura HV Moister Sinc Sinc Inc Neut Inc Sinc Sinc Sinc
(smooth-fruited sedge)
*Carex pauciflora HV Moister | Inc/ S | Inc Sinc Neut Inc Sinc Neut Neut
(few-flowered sedge) Inc
Carex proposita MV Moister Sinc Sinc Inc Neut Sinc Inc Neut Neut
(Smoky Mountainsedge)
Carexrostrata HV Moister Sinc Neut Inc Neut Inc Sinc/ Neut Neut
(Beaked sedge) Neut
Carex sychnocephala MV Drier Sinc Neut Sinc Sinc Sinc Sinc Neut Neut
(Many-headedsedge)
Carextenuiflora HV Moister Sinc Sinc Sinc Neut Inc Sinc Sinc Neut
(Sparse-flowered sedge)
*Carexvallicola HV Moister Sinc Neut Sinc Sinc Sinc Sinc Neut Neut
(valley sedge)
*Castillgja cryptantha HV Moister | Inc Inc Glinc Neut Sinc Sinc Inc Inc
(obscure paintbrush)
Castilleja levisecta HV Moister Inc Gr Inc Neut Neut Neut Neut Neut Neut
(Golden paintbrush)
*Chaenactis thompsonii MV Moister Sinc Sinc Inc Neut Sinc Sinc Inc Neut
(Thompson’s chaenactis)
Chrysolepis chrysophylla var. MV Moister Sinc Inc Neut Neut Neut Neut Neut Sinc
chrysophylla
(Golden chinquapin)
Chrysospleniumtetrandrum MV Moister Sinc Inc Sinc Neut Sinc Neut Neut Sinc
(Northern golden-carpet)
*Cicuta bulbifera MV Moister Sinc Neut Inc Neut Sinc Sinc/ Neut Sinc
(bulb-bearing water hemlock) Neut
*Coptis aspleniifolia MV Moister Inc Inc Sinc Neut Sinc Sinc Neut Neut

(spleenwort-leaved goldthread)
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Species CCVI | AET: | Disp Hist Phys Hist Phys Ice/ Geol | Genes

(Common Name) Score | PET Therm N | Therm N | Hydr N | Hydr N | Snow
Cryptanthaleucophaea MV Drier Neut Neut Neut Inc Neut Neut Inc Neut
(Gray cryptantha)
*Cryptantharostellata MV Drier Sinc | Neut Neut Sinc Neut Neut Neut Neut
(beaked cryptantha)
Cryptanthaspiculifera MV Drier Sinc Neut Neut Sinc Inc Neut Neut Neut
(Snake River cryptantha)
Cypripediumparviflorum MV Moister Neut Neut Sinc Sinc Sinc Sinc Neut Neut
(Yellow lady’s-slipper)
*Dactylorhiza viridis HV Moister Neut Neut Sinc Sinc Inc Sinc Neut Neut
(frog orchid)
*Damasonium califomicum MV Drier Neut Neut Sinc Sinc Inc Sinc/ Neut Neut
(fringed water-plantain) Neut
*Dendrolycopodium MV Moister Sinc/ | Inc Sinc Neut Sinc Sinc Neut Snc/
dendroideum Neut Neut
(tree clubmoss)
*Draba cana EV Moister Sinc Inc Inc Neut Sinc Inc Sinc Sinc/
(lance-leaved draba) Neut
*Draba taylorii HV Moister Inc/ Sinc Glinc Neut Sinc Inc Sinc Inc
(Taylor’s draba) Sinc
*Erigeron aliceae MV Moister Neut Glnc Inc Neut Sinc Sinc Neut Neut
(Eastwood’s daisy)
*Erigeron basalticus MV Drier Neut Neut Sinc Inc Inc Neut Inc Neut
(basalt daisy)
Erigeronsalishii MV Moister Neut Sinc Gr Inc Neut Neut Sinc Neut Neut
(Salish fleabane)
Eriogonum codium MV Drier Sinc Neut Neut Gr Inc Inc Neut Inc Neut
(Umtanumdesert buckwheat)
Eriophorumviridicarinatum MV Moister Neut Neut Sinc Neut Neut Sinc Sinc Neut
(Green-keeled cottongrass)
*Eritrichiumargenteum HV Moister Inc Sinc GlInc Neut Sinc Inc Inc Sinc
(pale alpine forget-me-not)
*Eryngium petiolatum MV Moister Neut Inc Sinc Neut Inc Sinc/ Sinc/ Neut
(Oregon coyote-thistle) Neut Neut
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Species CCVI | AET: | Disp Hist Phys Hist Phys Ice/ Geol | Genes

(Common Name) Score PET Therm N | Therm N | Hydr N | Hydr N | Snow
*Erythranthe pulsiferae MV Drier Sinc/ | Sinc Sinc Neut Inc Sinc/ Neut Snc/
(candelabrummonkeyflower) Neut Neut Neut
Gaultheriahispidula MV Moister Sinc SInc/Neut | Inc Neut Sinc Sinc Neut Neut
(Creeping snowberry)
*Gentianadouglasiana HV Moister Sinc GlInc Glnc Neut GlInc Sinc SInc/ Neut
(swamp gentian) Neut
*Geum rossii var. depressum HV Moister Inc Sinc Glinc Neut Sinc Inc Inc Sinc/
(Ross’ avens) Neut
*Hackeliahispidavar. disjuncta | MV Drier Sinc Neut Neut Inc Sinc Neut Neut Neut
(sagebrush stickseed)
Hackeliataylorii HV Moister Sinc Sinc Inc Neut Neut Inc Inc Sinc
(Taylor’s stickseed)
Heterothecaoregona MV Moister Neut Sinc Sinc Neut Sinc Sinc Neut Neut
(Oregon goldenaster)
Howelliaaquatilis EV Moister Inc Sinc Neut Sinc Gr Inc Neut Neut Sinc
(Water howellia)
Impatiens noli-tangere MV Moister Inc Inc Sinc Neut Sinc Sinc Neut Neut
(Western jewelweed)
Juncus howellii MV Moister Neut Sinc Sinc Neut Sinc Sinc Neut Neut
(Howell’s rush)
*Juncus uncialis MV Drier Neut Neut SiInc/Neut | Sinc GlInc Sinc Inc Neut
(inch-high rush)
Kalmia procumbens EV Moister Sinc Inc Inc Neut Neut Gr Inc Neut Sinc
(Alpine azalea)
*Leptosiphonbolanderi LV Drier Sinc/ | Neut SInc/Neut | Neut Neut Sinc/ Neut Sinc
(Bolander’s linanthus) Neut Neut
Lomatium bradshawii MV Moister Sinc Inc Neut Neut Inc Neut Neut Neut
(Bradshaw’s lomatium)
*Lomatiumknokei HV Drier Inc Sinc Sinc Neut Inc Sinc Inc Neut
(Knoke’s biscuitroot)
*Lomatium lithosolamans MV Drier Inc Neut Neut Sinc Inc Neut Snc/ Neut
(Hoover’s biscuitroot) Neut
*Lomatiumserpentinum HV Moister Inc/ Neut Sinc Sinc Sinc Neut Neut Inc
(Snake Canyon biscuitroot) Sinc
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Species CCVI | AET: | Disp Hist Phys Hist Phys Ice/ Geol | Genes

(Common Name) Score PET Therm N | Therm N | Hydr N | Hydr N | Snow
Lomatiumtuberosum MV Drier Inc Neut Neut Inc Inc Neut Sinc/ Neut
(Hoover’s desert-parsley) Neut
*Luzulaarcuatassp. HV Moister Sinc Inc Ginc Neut Sinc/ Inc Sinc Neut
unalaschcensis Neut
(curved woodrush)
*Micranthes tischii HV Moister Inc GlInc Glnc Neut Sinc Inc Sinc Neut
(Olympic saxifrage)
Muhlenbergiaglomerata MV Moister Neut Neut Sinc Neut Sinc Inc Neut Neut
(Marsh muhly)
*Myosurus alopecuroides MV Drier Neut Neut SiInc/Neut | Sinc GlInc Sinc/ Inc Sinc
(foxtail mousetail) Neut
Navarretiatagetina MV Drier Neut Sinc S Inc/Neut | Neut Gr Inc Sinc Inc Neut
(Marigold pincushion-plant)
Nicotianaattenuata LV Drier Sinc Neut Neut Sinc Neut Neut Neut Neut
(Coyote tobacco)
*QOrthocarpus bracteosus HV Drier Inc Sinc Sinc Neut Inc Snc/ Neut Neut
(rosy owl’s-clover) Neut
Oxytropis campestris var. MV Drier Inc Neut Neut Inc Inc Neut Inc Neut
wanapum
(Wanapumcrazyweed)
Packera porteri HV Moister Neut Inc Gr Inc Neut Neut Sinc Sinc Sinc
(Porter’s butterweed)
Parnassia kotzebuei HV Moister Sinc Inc Gr Inc Neut Sinc Sinc Sinc S Inc/
(Kotzebue’s grass-of-Parnassus) Neut
Pedicularis rainierensis HV Moister Sinc Inc Inc Neut Sinc Inc Sinc Neut
(Mt. Rainier lousewort)
Pediocactus nigrispinus MV Drier Sinc Neut Neut Inc Inc Sinc/ Neut Neut
(Snowball cactus) Neut
*Pellaea breweri MV Moister Sinc Sinc Sinc Neut Sinc Sinc Neut S Inc/
(Brewer’s cliffbrake) Neut
*Penstemon eriantherus var. MV Drier Sinc Neut Sinc Sinc Sinc Snc/ Sinc/ Neut
whitedii Neut Neut

(Whited’s fuzzytongue
beardtongue)
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Species CCVI | AET: | Disp Hist Phys Hist Phys Ice/ Geol | Genes

(Common Name) Score PET Therm N | Therm N | Hydr N | Hydr N | Snow
Penstemonwilcoxii MV Moister Sinc Neut Sinc Snc/ Sinc Sinc Neut Neut
(Wilcox’s beardtongue) Neut
*Petrophytum caespitosumssp. | HV Moister Sinc Neut Sinc Sinc Sinc Neut Inc Sinc
caespitosum
(Rocky Mountain rockmat)
Petrophytumcinerascens MV Drier Sinc Neut Sinc Sinc Inc Neut Inc Neut
(Chelan rockmat)
*Phacelia lenta MV Drier Sinc Neut Sinc Sinc Inc Neut Inc S Inc/
(Sticky phacelia) Neut
Polemonium carneum LV Moister Sinc Inc Neut Neut Neut Neut Neut Neut
(Great polemonium)
*Polemonium viscosum EV Moister Inc Inc Glnc Neut Sinc Inc Inc Sinc
(sticky sky-pilot)
Polyctenium fremontii MV Drier Sinc Neut Neut Sinc Gr Inc Neut Sinc SInc/
(Fremont’s combleaf) Neut
Pyrrocomahirta var. sonchifolia | MV Moister Neut Sinc Sinc Neut Sinc Sinc Neut Neut
(Sticky goldenweed)
*Ranunculus californicus MV Moister Sinc Glinc Neut Neut Sinc Neut Sinc Sinc
(California buttercup)
Ranunculus populago MV Moister Sinc Sinc Sinc Neut Sinc Sinc Neut Neut
(Mountain buttercup)
*Ribescereumvar. colubrinum | HV Moister Sinc/ | Neut Sinc Sinc Inc Sinc/ Neut Neut
(wax currant) Neut Neut
Rubusarcticus ssp. acaulis MV Moister Neut Sinc Sinc Neut Sinc Sinc Neut Sinc
(Nagoonberry)
*Sabulina nuttallii var. fragilis | MV Drier Sinc Neut Neut Inc Inc Neut Neut Neut
(Nuttall’s sandwort)
Salix candida HV Moister Neut Neut Gr Inc Neut Sinc Inc Sinc Neut
(Hoary willow)
Salix glaucavar. villosa MV Moister Neut Sinc Inc Neut Sinc Inc Neut Neut
(Glaucous willow)
*Salixmaccalliana HV Moister Neut Neut Inc Neut Sinc Inc Inc Neut

(MacCalla’s willow)

16




Species CCVI | AET: | Disp Hist Phys Hist Phys Ice/ Geol | Genes

(Common Name) Score PET Therm N | Therm N | Hydr N | Hydr N | Snow
Salix pseudomonticola MV Moister Neut Neut Inc Neut Sinc Inc Sinc Neut
(False mountain willow)
*Saniculaarctopoides MV Moister Neut Glinc Neut Neut Sinc Neut Sinc Neut
(bear’s-footsanicle)
Saxifraga cernua HV Moister Inc Inc Gr Inc Neut Sinc Sinc Neut Neut
(Nodding saxifrage)
Scribneriabolanderi MV Drier Neut Sinc SInc/Neut | Neut Gr Inc Sinc Unk Neut
(Scribner’s grass)
Sericocarpus oregonensis MV Moister Neut Sinc Neut Neut Neut Neut Neut Neut
(Oregon white-topped aster)
Sidalceaoreganavar. calva HV Moister Sinc Sinc Neut Neut Inc Sinc Neut Neut
(Wenatchee Mts checkermallow)
*Silene seelyi MV Moister Inc Sinc Inc Neut Sinc Sinc Sinc Neut
(Seely’s catchfly)
*Spartinapectinata MV Drier Neut Neut Sinc Sinc Glinc Sinc Neut Neut
(prairie cordgrass)
Swertiaperennis MV Moister Sinc Sinc Inc Neut Sinc Sinc Sinc Neut
(Swertia)
Thelypodium sagittatum ssp. s. MV Drier Sinc Neut Neut Sinc Inc Neut Sinc Neut
(Arrowthelypody)
*Trilliumalbidum ssp. MV Moister Inc Inc Sinc Neut Sinc Neut Neut Sinc
parviflorum
(small-flowered trillium)
*Utriculariaintermedia MV Moister Sinc/ | GlInc/inc | Sinc Neut Inc Sinc Neut Neut
(flat-leaved bladderwort) Neut
Vacciniummyrtilloides MV Moister Neut Neut Inc Sinc Sinc Sinc Sinc Neut
(Velvetleafblueberry)
*Veronicadissecta var. HV Moister Inc Glnc Inc Neut Sinc Sinc Inc Sinc

lanuginosa
(woolly kittentails)

17




Cumulative Results from Phase |, Phase Il and USFWS CCVI assessments, 2019-2021

Since 2019, 107 of the 371 vascular plant taxa tracked as state species of conservation concern
have been assessed using the NatureServe CCVI protocol (Table 4). Some interesting patterns
are beginning to emerge from this cumulative dataset:

e The majority of species assessed (61.7%) are ranked as Moderately Vulnerable to
climate change (66 of 107 speies). The second highest number (33 of 107 species) are
scored as Highly Vulnerable (30.9%). Relatively few species (4 of 107) are rated as
either Extremely Vulnerable (3.7%) or Less Vulmerable (3.7%) (Figure 1).

e Species ranked as Extremely or Highly Vulnerable are strongly associated with wetter
habitats (based on AET:PET ratio), average to greater than average precipitation
variation (neutral historical hydrological niche scores), and areas with high winter ice
or snow accumulation (Tables 4, 5).

Figure 1. Summary of Climate Change Vulnerability Index scores

for 107 Washington rare plant taxa assessedfrom 2019-2021. ev =

Extremely Vulnerable, HV = Highly Vulnerable, MV = Moderately Vulnerable, LV = Less Vulnerable.
Includes results from Phase Il (appendix A), Phase | (Fertig 2020) and USFWS assessments by Fertig
(2021a) and Kleinknecht et al. (2019).
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Extremely or Highly Vulnerable species are associated with sites that have

historically stable temperatures (historical thermal niche scores of increased to greatly
increased risk) and cool to cold microhabitats (physiological thermal niche scores of
increased to greatly increased risk) (Table 5).

Extremely or Highly Vulnerable species also tend to be associated with uncommon
geologic or landscape features (because these habitat features are rare, species may
not be able to find suitable new sites through migration), have greatly increased
dispersal limitations, somewhat to increased dependency on few pollinators, and
somewhat to increased susceptibility to low genetic variability or breeding system
problems (Table 5).

Moderately Vulnerable species are less easy to characterize. In general, they are only
slightly more likely to be from wetter habitats that drier ones (compared to Extremely
or Highly Vulnerable taxa) and more likely to be from hotter areas or sites with more
stable temperature variability (historical and physiological thermal niches scores are
more likely to be neutral). Moderately vulnerable species are less frequently
associated with uncommon geologic features, more prone to have a neutral score for
dependence on ice and snow features, less likely to be dispersal limited, less
dependent on specific pollinators, and less impacted by low genetic variability or
breeding system limiations (Table 5).

Species that are scored as Less Vulnerable to climate change generally are not
strongly impacted by projected changes in temperature or precipitation, are not
dependent on ice or snow, are not associated with unusual geologic features, and are
not pollinator limited or have low genetic diversity (Table 5). These species tend to
be adapted to early successional habitats and in some cases may actually benefit from
anthropogenic changes.

Only 20% of the species evaluated have a documented negative response to recent
climate change, characterized primarily by a range contraction (Table 5). About half
of these species were ranked as Extremely or Highly Vulnerable. Just over 69% of
the evaluated species currently have a neutral response to climate change. This could
change in the near future if warming trends continue or accelerate and more
populations become extirpated and ranges begin to shrink.

The Okanogan and Blue Mountains ecoregions have a higher percentage of rare
species scored as Extremely or Highly Vulnerable to climate change than other
ecoregions (Table 6). Alpine species from the Okanogan Range have a high
AET:PET ratio (near the wetter end of the moisture availability spectrum) (Figure 2)
coupled with small temperature variability (historical thermal niche at increased risk)
(Figure 3). This combination of environmental attributes is not matched anywhere
else in the state. Species from the Blue Mountains are likely to experience the largest
temperature increases in the state (Figure 4) and also have relatively high AET:PET
ratios (Figure 2).
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Figure 2. Projected
moisture availability
(based on ratio of actual
to predicted
evapotranspiration) in
Washington. Yellow to brown
values are correlated with projected
wetter conditions, while green to
blue values correspond with
projected drier conditions. Red
ellipse denotes the Okanogan Range
and black rectangle the Blue
Mountains ecoregion. This map is
the base layer for figure 2 of each
CCVI report in Appendix A.

Map layers from
WwWw.natureserve.org/ccvi

Figure 3. Historical
thermal niche (exposure to
past temperature

variations) in Washington.
Darker shades depict areas of cooler
temperatures. Red ellipse denotes the
Okanogan Range This map is the base
layer for figure 3 of each CCVI report
in Appendix A.

Map layers from
WWW.natureserve.org/ccvi
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http://www.natureserve.org/ccvi

Figure 4. Projected

local temperature

change in Washington.
Blue Mountains ecoregion
highlighted in red ellipse. This
map is the base layer for Figure
1 of each CCVI report in
Appendix A. Map layers from
Www.natureserve.org/ccvi
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Moderately Vulnerable species comprise at least 50% of the species analyzed from
each of the nine ecoregions in Washington (Table 6). The Columbia Plateau is
especially over-represented, with 86% of its rare species being rated as Moderately
Vulnerable while only 11% are scored as Extremely or Highly Vulnerable. Columbia
Plateau species tend to occur in habitats that are already adapted to warm
temperatures and low rainfall and snowfall (Figures 2-4, Table 6), and thus may be
predisposed to withstand changing climatic conditions (although the upper limits of
their physiological tolerance to extreme temperatures or drought may be unknown).
Many of these species are edaphic endemics that may be unable to migrate to new
areas with suitable geologic substrates in the future or evolve to tolerate extreme hot
or dry conditions (Caicco 2012; Fertig 2020).

Vascular plant species that are local endemics (extremely small global ranges) have a
strong probability of being scored as Extremely or Highly Vulnerable to climate
change (Table 6). Such taxa tend to be restricted to unusual geologic substrates, have
specialized pollinators, or low genetic diversity. Species that are disjunct (isolated
from the core of their geographic range) or peripheral (at the extreme edge of their
continuous range) in Washington also are more likely to be Extremely or Highly
Vulnerable to climate change. Disjunct and peripheral [continued on page 26]
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Table 5. Summary of Climate Change Vulnerability Index Results
for 107 Washington Rare Plant Species Assessedfrom 2019-2021

Based on Selected Ecological Attributes. seesampleccwi reports in AppendixA for

complete list ofall variables used and Younget al. (2016) for scoring criteria. CCVI scores: EV = Extremely
Wulnerable, HV = Highly Vulnerable, LV = Less Vulnerable, M =Moderately Vulnerable

Ecological Attribute/Score CCVI Result (Number of Species)
EV HV MV LV

AET:PET ratio (moisture availability)

Wetter (n =75) 4 31 38 2

Drier (n = 32) 0 2 28 2
Dispersal

Increase (n =24) 2 14 8 0

Somewhat Increase (n =56) 2 15 35 4

Neutral (n = 27) 0 4 23 0

Historical Thermal Niche

Greatly Increase (n=12) 0 6 6 0
Increase (n =20) 3 8 8 1
Somewhat Increase (n =31) 1 10 19 1
Neutral (n = 44) 0 9 33 2

Physiological Thermal Niche

Greatly Increase (n =13) 1 11 1 0
Increase (n =33) 2 18 13 0
Somewhat Increase (n =42) 0 11 30 1
Neutral (n = 29) 1 3 22 3

Historical Hydrological Niche

Greatly Increase (n=1) 0 0 1 0
Increase(n=9) 0 0 9 0
Somewhat Increase (n =27) 1 6 19 1
Neutral (n = 70) 3 27 37 3
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Ecological Attribute/Score

CCVI Result (Number of Species)

EV HV MV LV
Physiological Hydrological Niche
Greatly Increase (n=9) 1 1 7 0
Increase (n =26) 0 9 17 0
Somewhat Increase (n =58) 2 20 36 0
Neutral (n = 14) 1 3 6 4
Dependence on Ice/Snow
Greatly Increase (n=1) 1 0 0 0
Increase (n=19) 2 11 6 0
Somewhat Increase (n =54) 0 18 35 1
Neutral (n = 33) 1 4 25 3
Uncommon Geologic Feature
Increase (n =20) 1 9 10 0
Somewhat Increase (n =31) 1 13 17 0
Neutral (n = 55) 2 1 38 4
Unknown (n=1) 0 0 1 0
Pollinator Versatility
Increase(n=2) 1 0 1 0
Somewhat Increase (n=7) 0 4 3 0
Neutral (n = 60) 2 16 39 3
Unknown (n =38) 1 13 23 1
Genetic Variability or Breeding System
Increase(n=4) 0 4 0 0
Somewhat Increase (n =28) 4 10 13 1
Neutral (n = 75) 19 53 3
Documented Response to Recent Climate Change
Increase(n=1) 0 1 0 0
Somewhat Increase (n =21) 0 10 9 2
Neutral (n = 74) 0 18 55 1
Unknown (n=11) 4 4 2 1

23




Table 6. Summary of Climate Change Vulnerability Index Results
for 107 Washington Rare Plant Species Assessedin 2019-2021 Based
on Ecoregion, Distribution Pattern, and Aggregated Ecological

Syste IMS. Ecoregion classification is from Camp and Gamon (2011) and Washington Natural
Heritage Program (2021). Distribution Pattern based on Fertig (2021b). Aggregated Ecological Systems
were derived by clustering similar ecological systems defined by Rocchio and Crawford (2015). CCVI
summary scores: EV = Extremely Vulnerable, HV = Highly Vulnerable, MV = Moderately Vulnerable,
LV = Less Vulnerable (Young et al. 2016).

Attribute CCVI Result (Number of Species)
EV HV MV LV
Ecoregion
Blue Mountains (n =10) 0 4 5 1
Canadian Rockies (n =15) 0 3 12
Columbia Plateau (n = 37) 1 3 32
East Cascades (n =47) 1 15 28 3
North Cascades (n =13) 1 3 9 0
Okanogan (n=31) 2 13 16 0
Pacific NW Coast (n = 20) 1 6 12 1
Puget Trough (n =15) 1 3 10 1
WestCascades (n =15) 0 4 10 1
Distribution Pattern
Local Endemic (n=21) 0 10 11 0
Disjunct (n=5) 0 2 3 0
Peripheral (n=34) 3 11 18 2
Regional Endemic (n = 23) 0 6 16 1
Sparse (n=24) 1 4 18 1
AggregatedEcological Systems
Alpine Vegetation (n=14) 2 8 4 0
Aquatic Vegetation & Exposed 0 0 0 0
Flats (n=0)
Dry Forests & Woodlands (n =9) 0 2 5 2
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Attribute

CCVI Result (Number of Species)

EV HV MV LV

Forested & Shrub Swamps (n=2) 0 0 2 0
Interior Alkaline Wetlands (n =1) 0 0 1 0
Lowland & Foothill Mesic Forests & 0 0 0 1

Woodlands (n =1)
Marshes & Wet Meadows (n =24) 2 6 16 0
Peatlands (n=16) 0 8 8 0
Riparian Areas (n =10) 0 0 9 1
Sand Dune Vegetation (n=2) 0 0 2 0
Shrub-Steppe (n=7) 0 1 6 0
Sparsely Vegetated Upland Types 2 8 19

(n=29)

Sparsely Vegetated Upland —alpine 2 6 3 0

only (n=11)
Sparsely Vegetated Upland —non- 0 2 16 0
alpine only (n = 18)

Subalpine-Montane Mesic Forests & 0 1 4 0

Woodlands (n =5)
Tidal/Coastal Wetlands (n =0) 0 0 0 0
Upland Grasslands & Meadows (n = 14) 0 6 6 2
Upland Shrublands (n=7) 0 0 6 1
Vernal Pools (n=7) 0 1 6 0
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species often occur in specialized habitats (such as alpine tundra and talus or
peatlands) or have reduced genetic variability due to being reproductively isolated or
from past founder effects.

Rare plant species ranked as Extremely or Highly Vulnerable to climate change are
strongly associated with alpine, peatland, and marsh or wet meadow ecological
systems. For the sake of simplifying this analysis, the 90 ecological systems
recognized for Washington by Rocchio and Crawford (2015) are aggregated into 17
categories based on their similarity (this classification follows the organizational
scheme presented in the table of contents of Rocchio and Crawford’s 2015
classification). Ten of the 14 plant species from alpine tundra ecological systems
examined in Phases | and Il are scored as Extremely or Highly Vulnerable (71%)
(Table 6). Eight of 11 species (73%) from sparsely vegetated upland systems in
alpine sites (talus and fell-fields) are also rated as Extremely or Highly Vulnerable.
Eight of 16 peatland species (50%) and six of 14 upland grassland and meadow
species (43%) are ranked as Extremely or Highly Vulnerable (Table 6).

Data gaps may influence the final vulnerability scores. Nearly 70% of the species
examined in this study scored as neutral for breeding systems or genetic variability,
with most of these species ultimately rating as Moderately Vulnerable to climate
change. Often these species lacked Washington-specific genetic diversity data but
scored neutral due to their reproductive traits (such as out-crossing) that usually
correlate with higher genetic variability. When local genetic data are available,
species tend to rank as more vulnerable to climate change. For example, Soltis et al.
(1997) documented very low levels of allozyme polymorphism in the Snake River
endemic, Lomatium serpentinum, which contributed to this species ranking as Highly
Vulnerable (Table 3, Appendix A). (Additional factors, such as expected high
temperature increases in the Blue Mountains region, hydrological niche issues, poor
dispersal, and documented range contraction, also contributed to this score.) Other
local or regionally endemic species may be more prone to low genetic variability
(Hamrick and Godt 1989) than is currently recognized and might score as more
vulnerable to climate change once these data are available.

More data are needed on the modeled distribution of rare species in response to
current and projected future climates. Models are available for only four of 107
species in this study (3.7%). All four of these species are alpine taxa from the
Olympic Mountains (Arabis olympica, Astragalus australis var. cottonii, Micranthes
tischii, and Veronica dissecta ssp. lanuginosa) studied by Wershow and DeChaine
(2018) and scored as Highly Vulnerable to climate change. Comparable modeling
data are needed for rare species from other geographic areas of the state and might
result in higher vulnerability scores, especially for narrow endemics presently
classified as Moderately Vulnerable.
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Future Directions

The 107 species that have been assessed with the CCVI protocol since 2019 represent 29% of the
state’s vascular plant species of conservation concern (Fertig 2021b). Although the species in
Phases I and 11 were selected to represent a cross section of habitats, distribution, and rarity
patterns, they are limited to a subset of species listed as Sensitive by the USFS or BLM or
Threatened or Endangered by USFWS. Species of concern from habitats not found on National
Forest or BLM lands are under-represented in this analysis. This is especially true for species
from low-elevation forests west of the Cascade crestand grassland species of the Puget Trough
and eastern Washington.

Completing CCVIs for the remaining unscored rare plant species should be a priority to verify
some of the emerging patterns found in the cumulative datasetand to uncover new ones. For
example, are species from the Okanogan Range and Blue Mountains really more sensitive to
climate change than other areas, or is this result an artifact of incomplete sampling of species?
Are some under-represented habitat and geographic areas, such as Puget Trough wet or dry
prairies, more vulnerable to climate change than our results indicate? Are there other geographic
areas that might be hot-spots of high risk species, such as the Wenatchee Mountains, Palouse
grasslands, or Columbia River Gorge? Many other questions could be answered by applying
CCVI work to a broader set of rare species.

Plant species of conservation concern make up just 14% of the 2635 native vascular plant species
in Washington. Thus the 107 completed CCVIs represent only 4% of the state’s total native
vascular flora. It remains unknown how the projected responses of rare plant species to climate
change might differ from that of more widespread or common taxa. Due to their limited
distribution, low population size, and specialized habitat requirements, rare species do tend to be
more sensitive to the climatic and life history variables employed in the CCVI model. It would
be informative to apply CCVI methods to a stratified random sample of more common species
(chosen to represent a cross section of ecological systems and geographic distributions) to
compare results with rare species. Will common species from habitats identified at risk from
climate change (such as alpine, peatland, or groundwater-dependent wetlands) be more prone to
score as Extremely or Highly Vulnerable, like rare species? Or will life history factors, such as
higher genetic diversity, better dispersal ability, or lower vulnerability to competition, make
common species less vulnerable? Information from common species would help put the results
of analyses of rare species in clearer perspective.
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Appendix A. Climate Change Vulnerability Index reports for 55 Washington
Rare Plant Species Assessed in Phase 11

Allium constrictum (ConstriCted ONIONY .......uvvieieiieie e e e 32
Anemone patens var. multifida (PasqUETIOWET) ........cc.vvvviiiiii e 41
Arabis olympica (OlyMPIC FOCKCIESS) ....vvieeiiiiiiie et 50
Arcteranthis cooleyae (Cooley’s DULETCUD) ..veeivvrreeiiriieiiiieeiiiie e ettt ettt 60
Astragalus arrectus (Palouse MilKVEICH) ..........coviiiiiiiiii e 69
Astragalus arthuri (Arthur’s MilkKVEtCh) .......oeeiiviiiiiiii e 78
Astragalus australis var. cottonii (Cotton’s milkvetch) .........cccceeeiiiiiiiiiiinii e 87
Astragalus microcystis (Least bladdery milkvetch) ...........ccccovviiiiiiii e 97
Astragalus misellus var. pauper (Pauper MilKVeICh) ...........ccovuiiiiiiiiiiii e 106
Carex Circinata (Colled SEUGR). .. ....uvreeieiiee ittt 115
Carex heteroneura (Smooth-fruited SEAGE) .......ccoiuvvieiiiiiiiie e 124
Carex pauciflora (Few-flowered SEAQE) .......coooviiiiiiiiiiiiii e 133
Carex vallicola (Valley SEAQE) .......vvvrieiiiiiiie e 142
Castilleja cryptantha (Obscure paintbrush)...........ccooiiiiiiiiii e 151
Chaenactis thompsonii (Thompson’s ChaGNACHIS) .........uvveriirieiiiiieeiiiii e 160
Cicuta bulbifera (Bulb-bearing water-hemlock) .............cooviiiiiiiiiiiiiie e 169
Coptis aspleniifolia (Spleenwort-leaved goldthread) ............ccoveeeiiiiiiiiiiiii e, 178
Cryptantha rostellata (Beaked Cryptantha) ..........cc.eeveeeiiiiiiieeeii e 187
Dactylorhiza viridis (Long-bract frog orchid) ............ccooiiiieiiiii e 196
Damasonium californicum (Fringed water-plantain) ............cccooveiiiieiiiiieeee e 205
Dendrolycopodium dendroideum (Treelike ClubmMOSS) .........oooviviiiiiiii 214
Draba cana (Lanceleaved draba) ..............oooiiiiiiiiic i 223
Draba taylorii (Taylor’s draba) ...........ccuuerieeiiiiiiiee et e e e e e e e e e e e e e s snnnaeaaeeans 232
Erigeron aliceae (ALCe’s fleabane) ..........uvvieiiiiririeei it e e et e e e s e e e s e e e e eaarae e e 241
Erigeron basalticus (Basal daiSy) ..........coooiuiiiiiiiiiiiiiic e 250
Eritrichium argenteum (Pale alpine forget-me-not) ...........ccccooiiiiiiiiieiiiiee e 259
Eryngium petiolatum (Oregon coyote-thistle) ............ccovvvieiiiiiiiic e 268
Erythranthe pulsiferae (Pulsifer’s monke yflower) ........c..oeoeiiiiiiiiiiiiiiiiiiieee e 277
Gentiana douglasiana (SWamp geNLIAN) ........cceiiiurrrreeeiiiiiieeee e e r e e e e e e s re e e e e nraaees 286
Geum rossii var. depreSSUM (ROSS’S @VENS) .....vieiuvrieiiiiiiesiiieiesiiiiieesibee et e s e e e e nineeens 295
Hackelia hispida var. disjuncta (Disjunct sagebrush stickseed) ..........ccccccveveeeeeiiiiiiiiiiiiinin, 304
Juncus uncialis (HOWEID'S TUSH) ....ooiiviiiiiiiieiiiii e 313
Leptosiphon bolanderi (Bolander’s HNAanthus) ............cocvveeiiiiiiiiieece e 322
Lomatium knokei (Knoke’s desert-Parsly) ..........uuveeeiiiiiiiieiiiiiiiire e sea e 331
Lomatium lithosolamans (HOOVEr’S DISCUITOOL) ......cciuuvreiiurrieiiiiiesiiiireesieee et e e s 340
Lomatium serpentinum (Snake Canyon DISCURIOOL) .........ccvvviiiiieiiiiieiiiiiee e 349
Luzula arcuata ssp. unalaschcensis (Curved WOOAIUSN) .........ocuvveeeeiiiiiiiie e 358
Micranthes tischii (Olympic SAXIfTAgER) .......eeeiiiiiiiee e 367
Myosurus alopecuroides (Foxtail mousetail)...........cccoooviiieiiiiiii e 376
Orthocarpus bracteosus (RoSy OWI'S=CIOVET) ..........uvvieiiiiiiiiic e 385
Pellaea breweri (Brewer’s Cliffbrake) .........cccooiiiiiiiiiiiiiiiiiic e 395
Penstemon eriantherus var. whitedii (Whited’s fuzzytongue beardtongue).............cccccevvvrennne. 404
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Petrophytum caespitosum ssp. caespitosum (Rocky Mountain rockmat) .............c.ccccoeevvvneeenn, 414

Phacelia lenta (StiCKy Phaclia) ..........cc.eiiiiiiiiiiiiie e 423
Polemonium viscosum (StICKY SKY-PHOL) .......oooiiiiiiiiiiiiiie e 432
Ranunculus californicus (California BUErCUp) .........ccuveeiiiiiiiii e 441
Ribes cereum var. colubrinum (Snake Wax CUrrant)...........ccccoovueiiieiiiiiiiiiee e 450
Sabulina nuttallii var. fragilis (Nuttall’s Sandwort) ............cccccveeiiiiiiiree e 459
Salix maccalliana (MacCalla’s WillOW) .......ccoiuiiiiiiiiieiiiiie i 468
Sanicula arctopoides (Bear’s-fO0t SANICIE) .........oovivviiiiiiiiiiiiiie e 477
Silene seeleyi (Seely’s CAtChfly) ......cuviiiiiiiiiiii s 486
Spartina pectinata (Prairie COrAQrass)........cciuurriieiiiiiiieeeeieiiirre e e e s e e e e e e e e e eiare e e e e s e 495
Trillium albidum ssp. parviflorum (Small-flowered trillium) ...........ccoooeeiiiiii e 504
Utricularia intermedia (Flat-leaved bladderwort) .........ccccoeeeiiiiiiee e 513
Veronica dissecta ssp. lanuginosa (Woolly Kittentails)............ccccoovvieiiiiiiiiicc, 522
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Climate Change Vulnerability Index Report

Allium constrictum (Constricted onion)

Date: 19 January 2021

Assessor: Walter Fertig, WA Natural Heritage Program

Geographic Area: Washington Heritage Rank: G2G3/S2S3
Index Result: Moderately Vulnerable Confidence: Very High
Climate Change Vulnerability Index Scores
Section A: Local Climate | Severity Scope (% of range)
1. Temperature Severity >6.0° F (3.3°C) warmer 0
5.6-6.0°F(3.2-3.3°C) warmer 0
5.0-5.5°F(2.8-3.1°C) warmer 0
4.5-5.0°F(2.5-2.7°C) warmer 0
3.9-4.4°F(2.2-2.4°C) warmer 100
<3.9°F (2.2°C)warmer 0
2. Hamon AET:PET moisture | < -0.119 0
-0.0971t0-0.119 0
-0.074t0-0.096 0
-0.0511t0-0.073 82.4
-0.028t0-0.050 17.6
>-0.028 0]

Section B: Indirect Exposure to Climate Change

Effect on Vulnerability

1. Sea levelrise Neutral

2a. Distributionrelative to natural barriers Neutral

2b. Distribution relative to anthropogenic barriers Neutral

3. Impacts from climate change mitigation Neutral
Section C: Sensitivity and Adaptive Capacity

1. Dispersal and movements Somewhat Increase
2ai Change in historical thermal niche Neutral

2aii. Change in physiological thermal niche Neutral

2bi. Changes in historical hydrological niche Somewhat Increase
2bii. Changes in physiological hydrological niche Greatly Increase
2c. Dependence on specific disturbance regime Neutral

2d. Dependence onice or snow-covered habitats Neutral

3. Restricted to uncommon landscape/geological features Somewhat Increase
4a.Dependence on others species to generate required habitat Neutral

4b. Dietary versatility Not Applicable
4c¢. Pollinator versatility Unknown

4d. Dependence on other species for propagule dispersal Neutral

4e. Sensitivity to pathogens or natural enemies Neutral

4f. Sensitivity to competition from native or non-native species Somewhat Increase
4g. Forms part of an interspecific interaction not covered Neutral
above

5a. Measured genetic diversity Somewhat Increase
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5b. Genetic bottlenecks Somewhat Increase

5c¢. Reproductive system Somewhat Increase/Neutral
6. Phenological response to changing seasonal and Neutral
precipitation dynamics

Section D: Documented or Modeled Response

D1. Documented response to recent climate change Neutral
D2. Modeled future (2050) change in population or range size Unknown
D3. Overlap of modeled future (2050) range with current Unknown
range

D4. Occurrence of protected areas in modeled future (2050) Unknown
distribution

Section A: Exposure to Local Climate Change

A1.Temperature: All 17 of the known occurrences of Allium constrictumin Washington (100%)
are found in areas with a projected temperature increase of 3.9-4.4° F (Figure 1).

Temperature Increase
degrees Fahrenheit

- <3.9 *  Allium constrictum

- 3.9-4.4 0 25 50 100 Miles
‘:I 4.5-5.0 N N
B 5.1-55

Il 55

Figure 1. Exposure of Allium constrictum occurrences in Washington to projected
local temperature change. Base map layers from www.natureserve.org/ccvi
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A2.Hamon AET:PET Moisture Metric: Fourteen of the 17 Washington occurrences of Allium
constrictum (82.4%) are found in areas with a projected decrease in available moisture (as
measured by the ratio of actual to potential evapotranspiration) in the range of — 0.051t0-0.073
(Figure 2). Three other occurrences (17.6%) are in areas with a projected decrease inthe

— 0.028to — 0.050 range.
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Figure 2. Exposure of Allium constrictum occurrences in Washington to projected moisture
availability (based onratio of actual to predicted evapotranspiration). Base map layers from
www.natureserve.org/ccvi
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Section B. Indirect Exposure to Climate Change

B1. Exposureto sealevelrise: Neutral.
All occurrences of Allium constrictumin Washington are found at elevations from 2070-2550 ft
(630-780 m) and would not be inundated by sea levelrise.

B2a. Natural barriers: Neutral.

In Washington, Allium constrictum occurs on the margins of vernal pools and moist flats or
gentle slopes over thin basalt lithosols (Camp and Gamon 2011, Fertig & Kleinknecht 2020).
Thisvegetation type is part of the Columbia Plateau Vernal Pool ecological system (Rocchioand
Crawford 2015). Washington populations are separated by 0,5-3 miles (0.6-4.7 km). The entire
range of the speciesislimited to an area of approximately 23 x 11 miles (37 x 18 km) (Camp and
Gamon 2011). Vernal depressions are widely scattered through this area within a matrix of big
sagebrush (Artemisia tridentata) and stiff sagebrush (A. rigida) scabland vegetation. The
surrounding vegetation does not impose a significant barrier to gene flow.

B2b. Anthropogenic barriers: Neutral.
Allium constrictum occurs primarily onrangelands managed for grazing with relatively few
roads or other developments to impede gene flow.

B3. Predicted impacts of land use changes from climate change mitigation: Neutral.

Section C: Sensitive and Adaptive Capacity

C1. Dispersal and movements: Somewhat Increase.

Allium constrictumreproduces by seed formed in dry capsules. The smooth seedslack any
structures such asbarbs, hooks, parachutes, or wings to facilitate transportation by animals.
Seeds are relatively small and could be carried short distances by strong winds, but are more
likely to be passively dispersed within 1000 meters of the parent plant.

C2ai. Historical thermal niche: Neutral.

Figure 3 depicts the distribution of known Allium constrictum occurrences in Washington
relative to mean seasonal temperature variation for the period from 1951-2006 (“historical
thermal niche”). All17 of the Washington occurrences (100%) are found in areas that have
experienced average (57.1-77°F) temperature variationin the past 50 years. Accordingto Young
et al. (2016) these populations are at neutral vulnerability to climate change.

C2aii. Physiological thermal niche: Neutral.
Allium constrictum occurrences in Washington are found in ephemeral wetlands and vernal
poolsthat are not cold air drainages and would be neutral for climate change.

C2bi. Historical hydrological niche: Somewhat Increase.

All 17 of the Washington occurrences (100%) of Allium constrictum (Figure 4) are found in
areas that have averaged 11-20 inches (255-508 mm) of precipitation variation in the past 50
years and are considered at somewhat increased risk from climate change by Younget al.
(2016).
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Figure 3. Historical thermal niche (exposure to past temperature variations) of Allium
constrictumoccurrences in Washington. Base map layers from www.natureserve.org/ccvi

C2bii. Physiological hydrological niche: Greatly Increase.

Allium constrictumis limited to vernal pools and thin lithosol habitats that are dependent on
winter or spring snow or rain (and not groundwater) as a water source. These areas are
impacted by drought in the summer. Changes in the timing or amount of precipitationin the
growing season would likely alter the community structure of these ephemeral wetlands
(Rocchio and Ramm-Granberg 2017). Increased drought in the growing season could lead to
conversion of this ecological system to the sparsely vegetated Intermountain Basins Cliff and
Canyontype.
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Figure 4. Historical hydrological niche (exposure to past variations in precipitation) of
Allium constrictum occurrences in Washington. Base map layers from
www.natureserve.org/ccvi

C2c. Dependence ona specific disturbance regime: Neutral.

This species is not dependent on periodic and unpredictable disturbances to maintain its vernal
pool habitat on basalt outcrops (although regular summer drought does prevent these areas
from converting to other wetland ecological systems associated with perennial water sources).
Increased disturbances from drought and more frequent wildfire would likely affect the
sagebrush scabland matrix in which its vernal pool habitat is embedded (Rocchio and Ramm-
Granberg2017).

C2d. Dependence onice or snow-coverhabitats: Neutral

In Washington, Allium constrictumis found in basin areas that receive relatively little snowfall
(though vernal depressions would likely accumulate any blowing snow).
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C3. Restricted to uncommon landscape/geological features: Somewhat Increase.

All of the Washington occurrences of Allium constrictum are found in shallow depressions or
flats on outcrops of Miocene-age basalts of the Priest Rapids Member of the Wanapum basalt
(Washington Division of Geology and Earth Resources 2016). While this geologic formationis
widespread in the Columbia Plateau of central Washington, the vernal pool depressions are far
less common and often widely scattered. The distribution of these geologicfeaturesis probably
an important factor limiting the range of this species.

Cga. Dependence onother species to generate required habitat: Neutral.
Thevernal pool and rock outcrop habitat occupied by this species is maintained primarily by
natural abiotic processes.

Cgqb. Dietary versatility: Not applicable for plants

C4c. Pollinator versatility: Unknown.

McNeal (1994 ) reports that the pollinators of Allium constrictum are not known, but are
probably solitary and social bees (including Apis mellifera) and other insects. If multiple insect
species are capable of pollination, this factor could be scored as Neutral.

C4d. Dependence onother species for propagule dispersal: Neutral.
Dispersal of Allium seed is primarily passive and the small seeds can be spread by wind or
gravity (McNeal 1994). Dispersal distances are probably short.

C4e. Sensitivity to pathogens or natural enemies: Neutral.

Current rates of livestock grazing is not considered a significant threat to Allium constrictum
(Barrett and Sprague 1985; Camp and Gamon 2011). Alliumflowers and leaves are palatable,
and underground bulbs are also consumed by fossorial mammals, but whether natural herbivory
is a limiting factor for A. constrictumis not known.

Caf. Sensitivity to competition from native or non-native species: Somewhat Increase.

The vernal pool habitat of Allium constrictumis vulnerable to invasion by native or introduced
plant species adapted to drier conditions if changes in the amount or timing of winter/spring
precipitation are altered due to climate change (Rocchio and Ramm-Granberg 2015).

C4g. Forms part of an interspecific interaction not covered above: Neutral.

Csa. Measured genetic variation: Somewhat Increase.

Riesebergetal. (1987) conducted a genetic analysis of Allium douglasii and related taxa (at the
time considered varieties, but nowrecognized as separate species), including A. constrictum (A.
douglasiivar. constrictum). Isozyme data suggest that A. constrictumis probably recently
derived from A. columbianum, an endemic of vernal wetlands in Spokane County, western
Idaho, and western Montana. Allium constrictum possesses aless diverse genome than A.
columbianum, suggesting it evolved from a peripheral population that became reproductively
isolated, possibly related to Pleistocene flooding events. The relatively low genetic diversity
within A. constrictum makes it somewhat more vulnerable to impacts of climate change.

Csb. Genetic bottlenecks: Somewhat Increase.

Genetic data from Rieseberget al. (1987) suggest that Allium constrictumevolved froma
peripheral occurrence of A. columbianum and has since diverged somewhat due to reproductive
isolation. The founder population, thus, may have beenrelatively small, suggesting an initial
genetic bottleneck.
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Csc. Reproductive System: Somewhat Increase/Neutral.

Allium species generally are outcrossers and have non-specialized pollinators. Due to its recent
origin, A. constrictum may have lower than average levels of genetic diversity and at least two
unique allozymes distinct fromrelated onion species (Rieseberget al. 1987).

C6. Phenological response to changing seasonal and precipitation dynamics: Neutral.
Based on WNHP and Consortium of Pacific Northwest Herbaria records, no changes have been
detected in phenology inrecent years.

Section D: Documented or Modeled Response to Climate Change

D1. Documented response to recent climate change: Neutral.
The range of Allium constrictumhas not been altered in recent years due to impacts from
climate change.

D2. Modeled future (2050) change in population or range size: Unknown.
D3. Overlap of modeled future (2050) range with current range: Unknown.
D4. Occurrence of protected areas in modeled future (2050) distribution: Unknown.
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Climate Change Vulnerability Index Report

Anemone patens var. multifida (Pasqueflower)

Date: 3 March 2021
Assessor: Walter Fertig, WA Natural Heritage Program
Geographic Area: Washington

Index Result: Highly Vulnerable

Climate Change Vulnerability Index Scores

Synonym: Pulsatilla nuttalliana

Heritage Rank: G5T5/S1
Confidence: Very High

Section A: Local Climate | Severity Scope (% of range)

1. Temperature Severity >6.0°F (3.3°C) warmer 0
5.6-6.0°F(3.2-3.3°C) warmer 0
5.0-5.5°F(2.8-3.1°C) warmer 0
4.5-5.0°F (2.5-2.7°C) warmer 0
3.9-4.4°F(2.2-2.4°C) warmer 100
<3.9°F (2.2°C)warmer 0

2. Hamon AET :PET moisture | < -0.119 0
-0.097t0-0.119 100
-0.0741t0-0.096 0
-0.051t0-0.073 0
-0.028t0-0.050 0
>-0.028 0]

Section B: Indirect Exposure to Climate Change Effect on Vulnerability

1. Sealevelrise Neutral

2a. Distributionrelative to natural barriers Somewhat Increase

2b. Distribution relative to anthropogenic barriers Somewhat Increase

3. Impacts from climate change mitigation Neutral

Section C: Sensitivity and Adaptive Capacity

1. Dispersal and movements Increase

2ai Change in historical thermal niche Somewhat Increase

2aii. Change in physiological thermal niche Somewhat Increase

2bi. Changes in historical hydrological niche Neutral

2bii. Changes in physiological hydrological niche Somewhat Increase

2c. Dependence on specific disturbance regime Neutral

2d. Dependence onice or snow-covered habitats Somewhat Increase

3. Restricted to uncommon landscape/geological features Somewhat Increase

4a.Dependence on others speciesto generate required habitat | Neutral/Somewhat Increase

4b. Dietary versatility Not Applicable

4c. Pollinator versatility Unknown

4d. Dependence on other species for propagule dispersal Neutral

4e. Sensitivity to pathogens or natural enemies Somewhat Increase

4f. Sensitivity to competition from native or non-native species Somewhat Increase

4g. Forms part of an interspecific interaction not covered Neutral

above

5a. Measured genetic diversity Somewhat Increase
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5b. Genetic bottlenecks Unknown
5c¢. Reproductive system Neutral
6. Phenological response to changing seasonal and Neutral
precipitation dynamics

Section D: Documented or Modeled Response

D1. Documented response to recent climate change Neutral
D2. Modeled future (2050) change in population or range size Unknown
D3. Overlap of modeled future (2050) range with current Unknown
range

D4. Occurrence of protected areas in modeled future (2050) Unknown
distribution

Section A: Exposure to Local Climate Change

A1.Temperature: All 4 of the accepted extant and historical occurrences of Anemone patensvar.
multifidain Washington (100%) occur in areas with a projected temperature increase of 3.9-

Temperature Increase
degrees Fahrenheit

- <3.9 ®  Anemone patens var. multifida
[ 3944 0 2% 50 100 Miles
T 4550 O aa—

B 5.1-5.5

Bl 55

Figure 1. Exposure of Anemone patens var. multifida occurrences in Washington to
projected local temperature change. Base map layers from www.natureserve.org/ccvi
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4.4° F(Figure 1). Previousreports from Okanogan and Whatcom County are based on
misidentifications (Fertig and Kleinknecht 2020) and are excluded from this analysis.

A2.Hamon AET :PET Moisture Metric: The four occurrences (100%) of Anemone patensvar.
multifidain Washington are found in areas with a projected decrease in available moisture (as
measured by the ratio of actual to potential evapotranspiration) in the range of -0.097t0-0.119
(Figure 2).
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Figure 2. Exposure of Anemone patensvar. multifida occurrences in Washington to
projected moisture availability (based onratio of actual to predicted evapotranspiration).
Base map layers from www.natureserve.org/ccvi
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Section B. Indirect Exposure to Climate Change

B1. Exposureto sealevel rise: Neutral.
Washington occurrences of Anemone patens var. multifida are found at 3360-6600 feet (1025-
2010 m) and would not be inundated by projected sealevelrise.

B2a. Natural barriers: Somewhat Increase.

In Washington, Anemone patens var. multifida occurs primarily on rocky basalt or sandstone
talus slopes and meadows bordered by montane forests of Pinus ponderosa and Pseudotsuga
menziesii. Reports from alpine habitats (Camp and Gamon 2011) were based on
misidentifications. This species’habitat is part of the Northern Rocky Mountain Dry -Mesic
Montane Mixed Conifer Forest ecological system (Rocchio and Crawford 2015). Populations are
only 2.4-3.8air miles (4-6 km) apart, but separated by canyons with unoccupied and unsuitable
habitat. The proximity of the sites allows for some gene exchange between them. Topographic
barriers could present a hurdle for migration of this species northward under projected climate
change scenarios.

B2b. Anthropogenic barriers: Somewhat Increase.

The montane to subalpine ridge habitat of Anemone patens var. multifida in Washingtonis
bisected by natural barriers (canyons and unsuitable forest habitat) and by human
infrastructure, such asroads, agricultural fields, timber harvest areas, and rural inhabitations.
Bothnatural and anthropogenic barriers are likely to constrain future migration.

B3. Predicted impacts of land use changes from climate change mitigation: Neutral.

Section C: Sensitive and Adaptive Capacity

C1. Dispersal and movements: Increase.

Anemone patens var. multifida produces ball-like heads of nut-like achene fruits, each
surmounted by a feathery style that helps disperse the individual achenes by wind. In theory,
fruits could be dispersed over long distances, but studies in Germany found that 90% of fruits
dispersed in the immediate vicinity of the maternal plant and only 0.05% were carried more
than 100m away, perhaps abetted by secondary dispersal by insects carrying fruits once they
landed on the ground (Roder and Kiehl 2006).

C2ai. Historical thermal niche: Somewhat Increase.

Figure 3 depicts the distribution of Anemone patens var. multifidain Washingtonrelative to
mean seasonal temperature variation for the period from 1951-2006 (“historical thermal
niche”). All four of the known occurrencesinthe state (100%) are found in areas that have
experienced slightly lower than average (47.1-57°F/26.3-31.8°C) temperature variation during
the past 50 years and are considered at somewhat increased vulnerability to climate change
(Youngetal. 2016).

C2aii. Physiological thermal niche: Somewhat Increase.

The montane talus meadow and forest habitat of Anemone patens var. multifida is within cold
air drainages on mountain slopes and would have somewhat increased vulnerability to warming
temperatures from climate change.
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Figure 3. Historical thermal niche (exposure to past temperature variations) of Anemone
patensvar. multifida occurrences in Washington. Base map layers from
www.natureserve.org/ccvi

C2bi. Historical hydrological niche: Neutral.

All of the known populations of Anemone patens var. multifidain Washington (100%) are found
in areas that have experienced average precipitation variation in the past 50 years (20 -40
inches/508-1016 mm) (Figure 4). Accordingto Youngetal. (2016), these occurrences are
neutral for climate change.
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Figure 4. Historical hydrological niche (exposure to past variations in precipitation) of
Anemone patens var. multifida occurrences in Washington. Base map layersfrom
www.natureserve.org/ccvi

C2bii. Physiological hydrological niche: Somewhat Increase.

This species relies on winter snow and summer precipitation for the majority of its annual water
budget. Changes in the duration and amount of snowpack and amount of summer precipitation,
coupled withincreased temperatures, are likely to make the montane meadow/forest ecotone
habitat of Anemone patens var. multifida more prone to drought and wildfire, favoring
conversionto drier grasslands (Rocchio and Ramm-Granberg 2017).

C2c. Dependence ona specific disturbance regime: Neutral.

Under future climate change scenarios, montane meadow/forest habitats are likely to become
drier and more prone to wildfire and outbreaks of mountain pine beetle. Thisincreasein
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disturbance could favor the shift to drier grasslands and invasion of non-native weedy species
(Rocchio and Ramm-Granberg2017).

C2d. Dependence onice or snow-coverhabitats: Somewhat Increase.

Populations of Anemone patens var. multifida in Washington are found in montane areas of the
Eastern Cascades with moderate to high snowfall. Rocky meadowareas occupied by this species
may have reduced snow cover due to wind or drifting, allowing this species to flower earlier than
other native forbs (Bock and Peterson 1975). Reductionsinthe amount of snowpack orin the
timing of melting due to increased temperatures in the future could impact meadow/conifer
forest ecotone communities through reductions in available moisture or increased fire frequency
or severity (Rocchioand Ramm-Granberg 2017).

C3. Restricted to uncommon landscape/geological features: Somewhat Increase.

Anemone patens var. multifida is associated with the Tertiary Swauk Formation and Quaternary
landslide deposits. The Swauk Formation consists of interbedded sandstone and mudstone
deposited as stream outwash and is found primarily in the Wenatchee Mountains (Washington

Division of Geology and Earth Resources 2016).

C4a. Dependence onother species to generate required habitat: Neutral/Somewhat Increase.
The montane talus and meadow habitat occupied by Anemone patensvar. multifidais
maintained largely by natural abiotic conditions, such as fire, snowdeposition, and drought, but
vegetation density and height may also be controlled by herbivory of native ungulates, rodents,
and insects.

C4b. Dietary versatility: Not applicable for plants

C4c. Pollinator versatility: Unknown.

In Colorado, Bock and Peterson (1975) observed pollination of Anemone patens var. multifida
by honeybees (Apis mellifera), andrenid bees (Andrena spp.), bumblebees (Bombus spp.) and
syrphid flies. The precise pollinatorsin Washington are not known.

C4d. Dependence onother species for propagule dispersal: Neutral.

The achene fruits of Anemone patensvar. multifida have a persistent, feathery style to aidin
dispersal by wind. Secondary dispersal by insects may be important for spreading seed once it
lands on the ground.

C4e. Sensitivity to pathogens or natural enemies: Somewhat Increase.

Populations may be threatened by livestock grazing (Fertigand Kleinknecht 2020), although
studiesin Europe suggest that grazing and other management activities to maintain meadow
and forest edge habitats are necessary for long-term persistence of the species (Szczecinska et al.
2016).

Cyf. Sensitivity to competition from native or non-native species: Somewhat Increase.
Studiesin Albertafound that Anemone patens var. multifida experienced a negative population
growthrate in prairie habitats that became dominated by introduced smooth brome (Bromus
inermis) but increased over time in native prairie (Williams and Crone 2006). In Europe, where
A. patens var. patensis endangered, populations are declining due to increased competition
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with perennial grasses and mossesin places where cattle grazing has beenremoved and strict
fire control policies have been enacted (Szczecinskaet al. 2016).

C4g. Forms part of an interspecific interaction not covered above: Neutral.
Does not require an interspecific interaction.

Csa. Measured genetic variation: Somewhat Increase.

Washington populations of Anemone patens var. multifida are disjunct by 250 miles (400 km)
from their nearest congenersin southeastern British Columbia. The Washington occurrences
are probably genetically distinct from other populations in the Rocky Mountains due to
inbreeding, genetic drift, or founder effects. Researchincentral Europe has shown that widely
isolated populations of A. patens have reduced genetic diversity and high levels of inbreeding,
which is likely a factorinits steep decline (Szczecinskaet al. 2016). Genetic data are currently
not available for Washington populations.

Csb. Genetic bottlenecks: Unknown.
Not known.

Csc. Reproductive System: Neutral.

Anemone patens var. multifida produceslarge, open, showy flowers that are pollinated by a
variety of early spring generalist bees and syrphid flies. Flowers are protogynous (with stigmas
being receptive before pollenis shed) to promote outcrossing, butis also capable of selfing if
pollinators are unavailable. Seed germinationratesare comparable under out-crossingand
selfing (Bock and Peterson1975).

C6. Phenological response to changing seasonal and precipitation dynamics: Neutral.

Based on herbarium records in the Consortium of Pacific Northwest Herbaria website
(pnwherbaria.org), Anemone patens var. multifida has not changed its typical blooming time in
the past 50 years.

Section D: Documented or Modeled Response to Climate Change

D1. Documented response to recent climate change: Neutral.
No major changes have been detected in the distribution of Anemone patensvar. multifida in
Washington since it was first documented in the statein 1925.

D2. Modeled future (2050) change in population or range size: Unknown
D3. Overlap of modeled future (2050) range with current range: Unknown

D4. Occurrence of protected areas in modeled future (2050) distribution: Unknown
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Climate Change Vulnerability Index Report
Arabis olympica (Olympic rockcress)

Date: 18 October 2021 Synonym: A. furcatavar. olympica

Assessor: Walter Fertig, WA Natural Heritage Program

Geographic Area: Washington Heritage Rank: GH/SH

Index Result: Highly Vulnerable. Confidence: Very High

Climate Change Vulnerability Index Scores

Section A: Local Climate | Severity Scope (% of range)

1. Temperature Severity >6.0°F (3.3°C) warmer 0
5.6-6.0°F(3.2-3.3°C) warmer 0
5.0-5.5°F(2.8-3.1°C) warmer 0
4.5-5.0°F (2.5-2.7°C) warmer 0
3.9-4.4° F(2.2-2.4°C) warmer 0
<3.9°F (2.2°C)warmer 100

2. Hamon AET :PET moisture | < -0.119 0
-0.097t0-0.119 0
-0.074t0-0.096 100
-0.051t0-0.073 0
-0.028t0-0.050 0
>-0.028 0]

Section B: Indirect Exposure to Climate Change Effect on Vulnerability

1. Sealevelrise Neutral

2a. Distributionrelative to natural barriers Increase

2b. Distribution relative to anthropogenic barriers Neutral

3. Impacts from climate change mitigation Neutral

Section C: Sensitivity and Adaptive Capacity

1. Dispersal and movements Somewhat Increase

2ai Change in historical thermal niche Greatly Increase

2aii. Change in physiological thermal niche Increase

2bi. Changes in historical hydrological niche Neutral

2bii. Changes in physiological hydrological niche Somewhat Increase

2c¢. Dependence on specific disturbance regime Neutral

2d. Dependence onice or snow-covered habitats Increase

3. Restricted to uncommon landscape/geological features Somewhat Increase

4a.Dependence on others species to generate required habitat Neutral

4b. Dietary versatility Not Applicable

4c. Pollinator versatility Unknown

4d. Dependence on other species for propagule dispersal Neutral

4e. Sensitivity to pathogens or natural enemies Unknown

4f. Sensitivity to competition from native or non-native species Somewhat Increase

4g. Forms part of an interspecific interaction not covered Neutral

above

5a. Measured genetic diversity Unknown

5b. Genetic bottlenecks Unknown

5c¢. Reproductive system Increase

50




6. Phenological response to changing seasonal and
precipitation dynamics

Neutral

Section D: Documented or Modeled Response

D1. Documented response to recent climate change Somewhat Increase
D2. Modeled future (2050) change in population or range size Increase

D3. Overlap of modeled future (2050) range with current Neutral
range

D4. Occurrence of protected areas in modeled future (2050) Neutral

distribution

Section A: Exposure to Local Climate Change

A1.Temperature: The six historical occurrences of Arabis olympicain Washington (100%) are
foundin areas with a projected temperature increase of < 3.9° F (Figure 1).

Temperature Increase
degrees Fahrenheit

- <39 #  Arabis olympica
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l:l 4.5-5.0 N N
[ 5155

B -5

Figure 1. Exposure of Arabis olympica occurrencesin Washingtonto projectedlocal
temperature change. Base map layers from www.natureserve.org/ccvi
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A2.Hamon AET :PET Moisture Metric: All six historical occurrences of Arabis olympica (100%)
in Washington are found in areas with a projected decrease in available moisture (as measured
by the ratio of actual to potential evapotranspiration) in the range of -0.074 to -0.096 (Figure 2).
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Figure 2. Exposure of Arabisolympica occurrencesin Washingtonto projected moisture
availability (based onratio of actual to predicted evapotranspiration). Base map layers from
www.natureserve.org/ccvi

Section B. Indirect Exposure to Climate Change

B1. Exposureto sealevelrise: Neutral.
The Washington occurrences of Arabis olympica are found at 3000-4495feet (915-1370m) and
would not be inundated by projected sealevelrise.
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B2a. Natural barriers: Increase.

Arabis olympicais endemic to the northeastern Olympic Range in Washington, where it is
found in subalpine to alpine dry rocky meadows and turf areas amid rock outcrops (Buckingham
et al. 1995; Fertig 2020; Washington Natural Heritage Program 2021). These habitatsare a
component of the North Pacific Alpine & Subalpine Dry Grassland and North Pacific Dry &
Mesic Alpine Dwarf-Shrubland, Fell-Field & Meadow ecological systems (Rocchio and Crawford
2015). The entire global range of A. olympica is restricted to an area of 20 x 30 miles (33x 46
km). Individual occurrences are separated by 5.5-20 miles (9-32 km) and occur onridge
systems isolated by deep valleys and unsuitable forested habitat. The Olympic Range is also
disjunct from other alpine mountain ranges north and east of the Salish Sea/Puget Sound,
making potential migration more difficult.

B2b. Anthropogenic barriers: Neutral.

Therange of Arabis olympicais primarily at or above treeline in Olympic National Park and
The Brothers and Buckhorn wilderness areas of Olympic National Forest. These siteshave some
hiking trails but otherwise the human footprint is negligible and does not present an additional
barrier to dispersal.

B3. Predicted impacts of land use changes from climate change mitigation: Neutral.

Section C: Sensitive and Adaptive Capacity

C1. Dispersal and movements: Somewhat Increase.

Arabis olympica produces numerous, small, flattened seeds with a narrowwing within a dry,
dehiscent fruit (Al-Shehbaz2010). Seeds are released passively and may spread by gravity or
strongwinds. Dispersal distances are probably moderate (about 1000 m).

C2ai. Historical thermal niche: Greatly Increase.

Figure 3 depicts the distribution of Arabis olympica in Washington relative to mean seasonal
temperature variation for the period from 1951-2006 (“historical thermal niche”). Five of the six
occurrences (83.3%) are found in areas that have experienced very small (<37 °F/20.8°C)
temperature variation during the past 50 years and are considered at greatly increased
vulnerability to climate change (Youngetal. 2016). One other occurrence (16.7%)isfroman
areawith small (37-47°F/20.8-26.3°C) temperature variation over the same period and is at
increased vulnerability to climate change.

C2aii. Physiological thermal niche: Increase.

The range of Arabis olympicais restricted to alpine and subalpine areas exposed to high winds
and cold winter temperatures. These areas are projected to become warmer due to climate
change (Rocchio and Ramm-Granberg2017).
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Figure 3. Historical thermal niche (exposure to past temperature variations) of Arabis
olympica occurrences in Washington. Base map layers from www.natureserve.org/ccvi

C2bi. Historical hydrological niche: Neutral.

Allsix of the historical occurrences of Arabis olympicain Washington (100%) are found in areas
that have experienced greater than average (>40 inches/1016 mm) of precipitation variation in
the past 50 years (Figure 4). Accordingto Youngetal. (2016), these areas are at neutral
vulnerability to climate change.
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Arabis olympica occurrences in Washington. Base map layersfrom
www.natureserve.org/ccvi

C2bii. Physiological hydrological niche: Somewhat Increase.

Arabis olympica occurs primarily in dry to moist alpine or subalpine meadows or rocky areas
that are dependent on adequate snowmelt or summer precipitation for their moisture
requirements. Increased temperatures from climate change are likely to alter the timing of
snowmelt, leading to earlier runoff (Rocchio and Ramm-Granberg2017). The amount and
timing of summer precipitationis also likely to change, making these habitats drier and more
vulnerable to invasion by lower elevation dry meadow species.

55



C2c. Dependence ona specific disturbance regime: Neutral.

The open, alpine to subalpine, meadowand rock outcrop habitat of Arabis olympicais
maintained by a short growing season, high winds, and late-lying snow that prevent tree species
frombecomingestablished. Increased temperatures and changes in precipitation patterns could
resultin shiftsin vegetationtowards forest or drier meadow species and make these areas more
vulnerable to wildfire (Rocchio and Ramm-Granberg 2017).

C2d. Dependence onice or snow-coverhabitats: Increase.

The Olympic Mountains average over 10 meters (400 inches) of snow. The alpine and subalpine
areasinhabited by Arabis olympica are on openridges or slopes where snowmay be exposed to
wind and sun and less likely to accumulate late into the summer, making the local
microenvironment drier than surrounding areas. Changes in the amount of snow, or timing of
its melting (Rocchio and Ramm-Granberg 2017), will likely have animportant impact on the
persistence of this species.

C3. Restricted to uncommonlandscape/geological features: Somewhat Increase.

Arabis olympicais found primarily on outcrops of the Eocene-age Crescent Formation, a basalt
layer found mostly along the eastern and northernrim of the Olympic Range. One occurrence is
associated with Oligocene-Miocene marine sediments (Washington Division of Geology and

Earth Resources 2016).

C4a. Dependence onother species to generate required habitat: Neutral.

The open alpine-subalpine meadow and rocky ridge habitat of Arabis olympicais mostly
maintained by abiotic processes, such as snow distribution and how it is influenced by wind and
melting temperatures, rather than by other species.

Cgqb. Dietary versatility: Not applicable for plants

C4c. Pollinator versatility: Unknown.

The specific pollinators of Arabis olympica are not known. Other Arabis and related Boechera
species are pollinated by a variety of insects, including honey bees (Apis), solitary bees
(Bombus), bee flies (Bombylius), butterflies, and wasps (Hamilton and Mitchell-Olds 1994).

C4d. Dependence onother species for propagule dispersal: Neutral.

The fruits of Arabis olympica dehisce when dry to release seeds passively by gravity or wind.
The seeds are flat and have narrowwings to facilitate dispersal by wind. Secondary transport by
animals may occur, but probably is insignificant.

C4e. Sensitivity to pathogens or natural enemies: Unknown.

Impacts from pathogens are not documented. Arabisolympica may be susceptible to herbivory
by insects, rodents, or hoofed animals, including introduced mountain goats (Oreamnos
americanus), but impacts are poorly documented.

Caf. Sensitivity to competition from native or non-native species: Somewhat Increase.

Arabis olympica occurs mostly indry alpine or subalpine meadows or rocky ridges. Under
projected future climate change, these sites are likely to be warmer and have a longer growing
season (Rocchio and Ramm-Granberg 2017), which may allow subalpine species to expand their
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range or increase the cover of other alpine competitors. Herbivory or trampling by introduced
mountain goatsis a threat to many Olympic alpine plant species (Schreineretal. 1994).

C4g. Forms part of an interspecific interaction not covered above: Neutral.
Does not require an interspecific interaction.

Csa. Measured genetic variation: Unknown.

Basic information on the ploidy level or population genetics of Arabis olympica are not known
(Kochetal. 2010), although the species is inferred to be closely related to Arabis furcatabased
on morphological traits (Al-Shehbaz 2010, Rollins 1941).

Csb. Genetic bottlenecks: Unknown.

During the Pleistocene, populations of Arabis olympica could have beenrestricted to
unglaciated refugia and had limited gene exchange with other populations or increased
inbreeding.

Csc. Reproductive System: Increase.

Accordingto Al-Shehbaz(2010), the fewavailable herbarium specimens of Arabis olympica all
have immature seeds. While this could be a factor of under-sampling, it might also reflect
reproductive bottlenecks related to past hybridization, poor pollination success, or severe
inbreeding. Speciesof Arabis and Boechera (formerly included in Arabis) exhibit a wide variety
of breeding systems, including obligate outcrossing, limited autogamy (selfing), and apomixis
(producing seed without fertilization) (Rollins 194 1). Researchisneeded onthe reproductive
system and ploidy of Arabis olympica to determine whether these are factorsinits rarity.

C6. Phenological response to changing seasonal and precipitation dynamics: Neutral.
Based on Washington Natural Heritage Program data, no significant changes in the phenology
of Arabis olympica populations have been detected.

Section D: Documented or Modeled Response to Climate Change

D1. Documented response to recent climate change: Somewhat Increase.

No populations of Arabis olympica have been observed since 1980 and attempts to relocate two
historical occurrencesin 2015 and 2016 were unsuccessful. Many historical records have vague
locality details, and this speciesis small and cryptic, so it canbe easy to overlook. Populations
may also be in significant decline, and its range has become more constricted. Wershowand
DeChaine (2018) did notinclude this speciesin their study of climate change impacts on alpine
endemics of the Olympic Range, in part because they were unable to relocate any populations
(Wershownotes from Rare Care survey in2016).

D2. Modeled future (2050) change in population or range size: Increase.

Wershowand DeChaine (2018) modeled the projected future habitat of five Olympicalpine
endemics that overlap the range of Arabis olympica and found that 85-99% of their current
habitat would no longer be suitable by 2080 due to rising temperatures and reduced moisture
availability.
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D3. Overlap of modeled future (2050) range with current range: Neutral.

Based on the projected future range of other alpine endemic plants found in similar habitatsin
the Olympic Mountains (Wershowand Dechaine 2018), the range of Arabis olympicais
expected to contract rather than shift in distribution.

D4. Occurrence of protected areas in modeled future (2050) distribution: Neutral.
Despite the likely contraction of potential suitable habitat due to climate change, the entire
range of Arabis olympica will still be restricted to Olympic National Park.
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Climate Change Vulnerability Index Report
Arcteranthis cooleyae (Cooley’s buttercup)

Date: 25 October 2021 Synonym: Ranunculus cooleyae

Assessor: Walter Fertig, WA Natural Heritage Program

Geographic Area: Washington Heritage Rank: G5/S1

Index Result: Moderately Vulnerable Confidence: Very High

Climate Change Vulnerability Index Scores

Section A: Local Climate | Severity Scope (% of range)

1. Temperature Severity >6.0°F (3.3°C) warmer 0
5.6-6.0°F(3.2-3.3°C) warmer 0
5.0-5.5°F(2.8-3.1°C) warmer 0
4.5-5.0°F (2.5-2.7°C) warmer 0
3.9-4.4° F(2.2-2.4°C) warmer 25
<3.9°F (2.2°C)warmer 75

2. Hamon AET :PET moisture | < -0.119 0
-0.097t0-0.119 0
-0.074t0-0.096 100
-0.051t0-0.073 0
-0.028t0-0.050 0
>-0.028 0]

Section B: Indirect Exposure to Climate Change Effect on Vulnerability

1. Sealevelrise Neutral

2a. Distributionrelative to natural barriers Somewhat Increase

2b. Distribution relative to anthropogenic barriers Neutral

3. Impacts from climate change mitigation Neutral

Section C: Sensitivity and Adaptive Capacity

1. Dispersal and movements

Somewhat Increase/Increase

2ai Change in historical thermal niche Somewhat Increase
2aii. Change in physiological thermal niche Increase

2bi. Changes in historical hydrological niche Neutral

2bii. Changes in physiological hydrological niche Somewhat Increase
2c¢. Dependence on specific disturbance regime Neutral

2d. Dependence onice or snow-covered habitats Somewhat Increase
3. Restricted to uncommon landscape/geological features Somewhat Increase
4a.Dependence on others species to generate required habitat Neutral

4b. Dietary versatility Not Applicable
4c. Pollinator versatility Unknown

4d. Dependence on other species for propagule dispersal Neutral

4e. Sensitivity to pathogens or natural enemies Neutral

4f. Sensitivity to competition from native or non-native species Neutral

4g. Forms part of an interspecific interaction not covered Neutral
above

5a. Measured genetic diversity Unknown

5b. Genetic bottlenecks Unknown

5c¢. Reproductive system Neutral
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6. Phenological response to changing seasonal and Neutral
precipitation dynamics

Section D: Documented or Modeled Response

D1. Documented response to recent climate change Neutral
D2. Modeled future (2050) change in population or range size Unknown
D3. Overlap of modeled future (2050) range with current Unknown
range

D4. Occurrence of protected areas in modeled future (2050) Unknown
distribution

Section A: Exposure to Local Climate Change

A1.Temperature: Three of the four occurrences of Arcteranthis cooleyae in Washington (75%)
occurinareas with a projected temperature increase of <3.9° F (Figure 1). One other
population (25%)is from an area with a projected temperature increase of 3.9-4.4° F.

Temperature Increase
degrees Fahrenheit

B <so +  Arcteranthis cooleyae
[]3944 0 % 5 100 Miles
[ ]a560 _— e —
[s155

I 55

Figure 1. Exposure of Arcteranthis cooleyae occurrencesin Washington to projected
local temperature change. Base map layers from www.natureserve.org/ccvi
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A2.Hamon AET :PET Moisture Metric: All of the known Washington occurrences of
Arcteranthis cooleyae (100%) are found in areas with a projected decrease in available moisture
(as measured by the ratio of actual to potential evapotranspiration)inthe range of -0.074 to

-0.096 (Figure 2).
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Figure 2. Exposure of Arcteranthis cooleyae occurrencesin Washington to projected
moisture availability (based onratio of actual to predicted evapotranspiration). Base map
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Section B. Indirect Exposure to Climate Change

B1. Exposureto sealevel rise: Neutral.
Washington occurrences of Arcteranthis cooleyae are found at 2500-6000feet (760-1830 m)
and would not be inundated by projected sealevel rise.

B2a. Natural barriers: Somewhat Increase.

In Washington, Arcteranthis cooleyae is found at the base of cliffs on talus or fine gravel and
sand, or on stream outlets and the edges of receding snowbanks, often on shady, north-facing
slopes (Camp and Gamon 2011, Washington Natural Heritage Program 2021). This habitat is a
component of the North Pacific Alpine & Subalpine Bedrock & Scree ecological system (Rocchio
and Crawford 2015). Individual populations are separated by 5-14.5miles (7.6-23 km) in the
North Cascades, with one disjunct populationin the Olympic Range isolated by 103 miles (166
km). Large areas of unsuitable habitat exist between occurrences and dispersal is restricted by
natural barriers.

B2b. Anthropogenic barriers: Neutral.

Therange of Arcteranthis cooleyaein Washingtonis restricted to National Forest lands
surrounded by human infrastructure, including roads, cities, and areas managed for silviculture
or agriculture. Natural barriers, however, are more significant obstacles to dispersal than
anthropogenic ones.

B3. Predicted impacts of land use changes from climate change mitigation: Neutral.

Section C: Sensitive and Adaptive Capacity

C1. Dispersal and movements: Somewhat Increase/Increase.

Each flower of Arcteranthis cooleyae produces a ball-like cluster of 70-100 one-seeded achenes.
Eachachene has a persistent, hooked beak that can potentially latch on to animals forlong
distance dispersal. Scherffetal. (1994)found that dispersal of another beaked-fruited alpine
buttercup (Ranunculus adoneus) averaged only 15-25 cm from the parent plant based on gravity
and secondary dispersal by animals. Average dispersal distances for A. cooleyaemay be
similarly short, but with infrequent long-distance transport possible by birds or large-bodied
mammals.

C2ai. Historical thermal niche: Somewhat Increase.

Figure 3 depicts the distribution of Arcteranthis cooleyae in Washingtonrelative to mean
seasonal temperature variation for the period from 1951-2006 (“historical thermal niche”). Two
of the four known occurrences (50%) are found in areas that have experienced slightly lower
than average (47.1-57°F/26.3-31.8°C) temperature variation during the past 50 yearsand are
considered at somewhat increased risk from climate change (Younget al. 2016). One population
(25%)is from an area with small temperature variation (37-47°F/20.8-26.3°C) over the same
period and is at increased risk from climate change. One other occurrence in the Olympic Range
(25%)is from an area with very small (>37 °F/20.8°C) temperature variation during the last 50
yearsandis at greatly increased risk from climate change (Younget al. 2016).
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Figure 3. Historical thermal niche (exposure to past temperature variations) of Arcteranthis
cooleyae occurrences in Washington. Base map layers from www.natureserve.org/ccvi

C2aii. Physiological thermal niche: Increase.

In Washington, populations of Arcteranthis cooleyae are associated with subalpine, north-
facing cliffs and talus slopes that are oftenshaded and in cold-air drainages. Under projected
climate change, these cool microsites are likely to become warmer.

C2bi. Historical hydrological niche: Neutral.

All populations of Arcteranthis cooleyae in Washington (100%) are found in areas that have
experienced greater than average (>4 0 inches/1016 mm) precipitation variationin the past 50
years (Figure 4). Accordingto Youngetal. (2016), these occurrences are at neutral vulnerability
from climate change.
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Figure 4. Historical hydrological niche (exposure to past variations in precipitation) of
Arcteranthis cooleyae occurrences in Washington. Base map layers from
www.natureserve.org/ccvi

C2bii. Physiological hydrological niche: Somewhat Increase.

This species occursin shady cliff and talus sites that are not associated with perennial water
sources or a high water table. Arcteranthiscooleyae isdependent on adequate winter snow and
spring/summer rainfall for its moisture needs. Changes in the timing or amount of precipitation
or snowmelt due to climate change and higher temperatures could extend the growing season
and resultin more soil development, making these barren cliff sites more suitable for forest
vegetation (Rocchio and Ramm-Granberg2017).
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C2c. Dependence ona specific disturbance regime: Neutral.

Arcteranthis cooleyae occurs on barren cliffs and talus slopes that are maintained by natural
weathering processes and facilitated by cool climatic conditions and high winds that reduce soil
formation and keep plant density low. Additional periodic disturbances are not required to
maintain this habitat.

C2d. Dependence onice or snow-coverhabitats: Somewhat Increase.

The populations of Arcteranthis cooleyae in Washington occur in area of high snow
accumulation. Reductioninthe amount of snow, conversion of snowto rain, or changesin the
timing of snowmelt would potentially alter the amount of moisture available for this species
under projected climate change (Rocchio and Ramm-Granberg 2017).

C3. Restricted to uncommon landscape/geological features: Somewhat Increase.

In the Olympic Mountains, Arcteranthis cooleyae is restricted to basalts of the Eocene-age
Crescent Formation that rings the southern, eastern, and northeastern core of the range.
Populations fromthe Cascades are associated with the Eocene volcanic Barlow Pass Formation
and the Index Batholith (Washington Division of Geology and Earth Resources 2016). None of
these geologic formations is particularly widespread in Washington, which may contribute to the
rarity of A. cooleyae in the state.

Cqa. Dependence onother species to generate required habitat: Neutral
The habitat occupied by Arcteranthis cooleyae is maintained by natural abiotic processes rather
than by interactions with other species.

C4b. Dietary versatility: Not applicable for plants

C4c. Pollinator versatility: Unknown.

The specific pollinators of Arcteranthis cooleyae in Washington are poorly known. Like other
buttercups (Ranunculus and segregate genera Beckwithia, Ficaria, and Halerpestes) the cup-
like flowers and ample nectar reward of A. cooleyae flowers probably attract a variety of
generalist pollinators, which might include bees, butterflies, and flies.

C4d. Dependence onother species for propagule dispersal: Neutral.

Arcteranthis cooleyae produces numerous 1-seeded fruits (achenes) that have a small hook at
the tip. Dispersalis primarily passive (gravity), but fruits can be secondarily moved by seed-

caching animals or if the hooks get attached to fur or feathers. Itis not dependentona single

animal speciesfor dispersal.

Cge. Sensitivity to pathogens or natural enemies: Neutral.

Impacts from pathogens are not known. Due to its remote cliff habitat, Arcteranthis cooleyae
receives minimal impacts from livestock or ungulate grazing, though it could be consumed by
insectsorrodents. Overallimpacts appear to be low.

Cyqf. Sensitivity to competition from native or non-native species: Neutral.

Rocky microsites occupied by Arcteranthis cooleyae are not especially vulnerable to competition
from other native or introduced plant species.
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C4g. Forms part of an interspecific interaction not covered above: Neutral.
Does not require an interspecific interaction.

Csa. Measured genetic variation: Unknown.

No data are available on genetic variability of Washington populations of Arcteranthis cooleyae.
Recent genetic and morphologic studiesindicate that Arcteranthisis more closely related to
Trautvetteria caroliniensis than to other species of Ranunculus, in which it was once included
(Emadzade et al. 2010).

Csb. Genetic bottlenecks: Unknown.

Csc. Reproductive System: Neutral.

Arcteranthis cooleyae produces perfect flowers and is presumed to be an out-crosser with
normal levels of genetic variation across all populations. Washington occurrences are at the
extreme southern end of the species’ range and might be expected to have lower overall genetic
diversity due to inbreeding or founder effects.

C6. Phenological response to changing seasonal and precipitation dynamics: Neutral.
Based on flowering dates from specimens in the Consortium of Pacific Northwest herbaria
website, no major changes have been detected in phenology inrecent years.

Section D: Documented or Modeled Response to Climate Change

D1. Documented response to recent climate change: Neutral.
Although one population of Arcteranthis cooleyae has not beenrelocated since the early 1960s,
the range of the speciesin the state has not decreased significantly.

D2. Modeled future (2050) change in population or range size: Unknown
D3. Overlap of modeled future (2050) range with current range: Unknown

D4. Occurrence of protected areas in modeled future (2050) distribution: Unknown
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Climate Change Vulnerability Index Report

Astragalus arrectus (Palouse milkvetch)

Date: 2 September 2021

Assessor: Walter Fertig, WA Natural Heritage Program

Geographic Area: Washington Heritage Rank: G2G4/S2

Index Result: Moderately Vulnerable Confidence: Very High

Climate Change Vulnerability Index Scores

Section A: Local Climate | Severity

Scope (% of range)

1. Temperature Severity >6.0°F (3.3°C) warmer

5.6-6.0°F(3.2-3.3°C) warmer

5.0-5.5°F(2.8-3.1°C) warmer

4.5-5.0°F (2.5-2.7°C) warmer

3.9-4.4° F(2.2-2.4°C) warmer

-y
o

<3.9°F (2.2°C)warmer

2. Hamon AET :PET moisture | < -0.119

-0.0971t0-0.119

-0.074t0-0.096

-0.051t0-0.073
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Section B: Indirect Exposure to Climate Change

Effect on Vulnerability

1. Sealevelrise Neutral

2a. Distributionrelative to natural barriers Somewhat Increase
2b. Distribution relative to anthropogenic barriers Somewhat Increase
3. Impacts from climate change mitigation Neutral
Section C: Sensitivity and Adaptive Capacity

1. Dispersal and movements Somewhat Increase
2ai Change in historical thermal niche Neutral

2aii. Change in physiological thermal niche Neutral

2bi. Changes in historical hydrological niche Somewhat Increase
2bii. Changes in physiological hydrological niche Somewhat Increase
2c¢. Dependence on specific disturbance regime Somewhat Increase
2d. Dependence onice or snow-covered habitats Neutral

3. Restricted to uncommon landscape/geological features Neutral
4a.Dependence on others species to generate required habitat Neutral

4b. Dietary versatility Not Applicable
4c. Pollinator versatility Unknown

4d. Dependence on other species for propagule dispersal Neutral

4e. Sensitivity to pathogens or natural enemies Neutral

4f. Sensitivity to competition from native or non-native species Somewhat Increase
4g. Forms part of an interspecific interaction not covered Neutral
above

5a. Measured genetic diversity Unknown

5b. Genetic bottlenecks Unknown

5c¢. Reproductive system Neutral
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6. Phenological response to changing seasonal and Somewhat Increase
precipitation dynamics

Section D: Documented or Modeled Response

D1. Documented response to recent climate change Neutral

D2. Modeled future (2050) change in population or range size Unknown

D3. Overlap of modeled future (2050) range with current Unknown
range

D4. Occurrence of protected areas in modeled future (2050) Unknown
distribution

Section A: Exposure to Local Climate Change

A1. Temperature: All 15 confirmed occurrences of Astragalus arrectus in Washington (100%)
occurinareas with a projected temperature increase of 3.9-4.4° F (Figure 1). Erroneousor

Temperature Increase
degrees Fahrenheit
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Figure 1. Exposure of Astragalus arrectus occurrences in Washington to projected
local temperature change. Base map layers from www.natureserve.org/ccvi
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unconfirmed records from Chelan, Kittitas, and Klickitat counties (Fertig and Kleinknecht
2020) were not used in this analysis.

A2.Hamon AET :PET Moisture Metric: Eight of the 15 verified occurrences of Astragalus
arrectus (53.3%) in Washington are found in areas with a projected decrease in available
moisture (as measured by the ratio of actual to potential evapotranspiration) in the range of
-0.0511t0-0.073 (Figure 2). The other 7 occurrences are from areas with a projected decrease
from-0.074 t0-0.096.
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Figure 2. Exposure of Astragalus arrectus occurrences in Washington to projected moisture
availability (based onratio of actual to predicted evapotranspiration). Base map layers from
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Section B. Indirect Exposure to Climate Change

B1. Exposureto sealevel rise: Neutral.
The Washington occurrences of Astragalus arrectus are found at 1000-2900 feet (300-880 m)
and would not be inundated by projected sealevelrise.

B2a. Natural barriers: Somewhat Increase.

In Washington, Astragalus arrectus is found on grassy hillsides, sagebrush flats, river bluffs,
and grassy or shrub-dominated openings in Pinus ponderosa and Pseudotsuga menziesiiwoods
(Camp and Gamon 2011, Washington Natural Heritage Program 2021). This habitatis a
component of the Columbia Basin Foothill and Canyon Dry Grassland, Columbia Basin Palouse
Prairie, and Northern Rocky Mountain Ponderosa Pine Woodland and Savanna ecological
systems (Rocchio and Crawford 2015). Verified populationsin Washington occur in two
disjunct areas along the Columbia River in northern Lincoln County and the Palouse region of
southeastern Whitman County. These main population centers are separated by 84 miles (135
km). Within these areas, individual occurrences are within 1.2-9 miles (1.9-14 km) of each
other. Natural barriers of unsuitable habitat are significant between the two population centers,
but are less of an impediment to dispersal within the population centers.

B2b. Anthropogenic barriers: Somewhat Increase.

In Whitman County, the pre-settlement Palouse Prairie habitat of Astragalus arrectushas
become highly fragmented in the past 150 years due to agricultural development, growth of
citiesand towns, and an extensive road network. These present abarrier to dispersal.

B3. Predicted impacts of land use changes from climate change mitigation: Neutral.

Section C: Sensitive and Adaptive Capacity

C1. Dispersal and movements: Somewhat Increase.

Astragalus arrectus produces 15-33 flowers per inflorescence and each mature fruit can
produce 18-26 seeds. The fruit podsareleathery at maturity and split opento release the seeds
passively (Barneby 1964). The seeds do not possess any wings, barbs, or hooks to promote
dispersal by wind or animals. Dispersal is primarily by gravity and perhaps secondarily by
insects or rodents, but distances are probably relatively short (no more than 100 m).

C2ai. Historical thermal niche: Neutral.

Figure 3 depicts the distribution of Astragalus arrectus in Washingtonrelative to mean
seasonal temperature variation for the period from 1951-2006 (“historical thermal niche”). All
15 accepted occurrences (100%) are found in areas that have experienced average (57.1-
77°F/31.8-43.0°C) temperature variation during the past 50 years and are considered at neutral
vulnerability to climate change (Younget al. 2016).
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Figure 3. Historical thermal niche (exposure to past temperature variations) of Astragalus
arrectus occurrences in Washington. Base map layers from www.natureserve.org/ccvi

C2aii. Physiological thermal niche: Neutral.

The grassland and open Ponderosa pine woodland habitats of Astragalus arrectus are not

associated with cold air drainage during the growing season and would have neutral
vulnerability to climate change.
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C2bi. Historical hydrological niche: Somewhat Increase.

Eight of the 15 occurrences of Astragalus arrectusin Washington (53.3%) are found in areas
that have experienced slightly lower than average (11-20inches/255-508 mm) precipitation
variationinthe past 50 years (Figure 4). Accordingto Youngetal. (2016), these areas are at
somewhat increased vulnerability to climate change. The other7 occurrences (46.7%) are from
areas with average precipitation variation (>20 inches/508 mm) over the same time period and

are at neutral vulnerability.
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Figure 4. Historical hydrological niche (exposure to past variations in precipitation) of
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C2bii. Physiological hydrological niche: Somewhat Increase.

This species is dependent on adequate precipitation for its moisture requirements, becauseits
habitatis typically not associated with springs, streams, or a high water table. The Columbia
Basin Foothills and Canyon Dry Grassland and Columbia Basin Palouse Prairie ecological
systems are vulnerable to higher temperatures resulting in summer drought and changesin the
timing or amount of precipitation (including extreme precipitation events that would accelerate
erosion of steep slopes). Increased frequency and severity of fire could alter the composition of
native grassland communities towards dominance by weedy annuals (Rocchio and Ramm-
Granberg2017). Northern Rocky Mountain Ponderosa Pine Woodland and Savanna sites are
also vulnerable to the effects of drought onincreased fire frequency or insect outbreaks that
couldresultin a shift towards steppe vegetation (Rocchio and Ramm-Granberg2017).

C2c. Dependence ona specific disturbance regime: Somewhat Increase.

Astragalus arrectus may be dependent on infrequent low-intensity wildfire to reduce
encroachment from shrub species and to maintain open grassland habitat. Increased drought
and reduced summer precipitation, however, could make wildfires too frequent and result in
replacement of native perennial bunchgrasses with annual introduced grasses (Rocchioand
Ramm-Granberg2017).

C2d. Dependence onice or snow-coverhabitats: Neutral.

Snowpack is low over the range of Astragalus arrectusin the Palouse grasslands of Whitman
County and along the Columbia Riverin Lincoln County and is a small component of the plant’s
annual water budget.

C3. Restricted to uncommon landscape/geological features: Neutral.

In Whitman County, Astragalus arrectusis primarily associated with Quaternary loess deposits,
which are widespread in southeastern Washington. Occurrencesin Lincoln County are found
mostly on glaciolacustrine and outburst flood deposits or Grande Ronde Basalt along the
Columbia River and tributary canyons (Washington Division of Geology and Earth Resources

2016). These substrates and geological features are also relatively widespread in the state.

Cga. Dependence onother species to generate required habitat: Neutral

Browsing by ungulates, rodents, and insects that impedes the spread of shrubs would help
maintain the open grasslands and understory of Ponderosa pine woodlands occupied by
Astragalus arrectus, although drought and infrequent fire probably are more significant.

C4b. Dietary versatility: Not applicable for plants

C4c. Pollinator versatility: Unknown.

The specific pollinators of Astragalus arrectus are not known, but other Astragalus species are
pollinated by bumblebees (Bombus) or other bees. A recent survey of bees of the Palouse region
found higher than expected bee richness, but did not focus on pollinators of specific plant taxa
(Rhoadeset al. 2017).

C4d. Dependence onother species for propagule dispersal: Neutral.

The pods of Astragalus arrectus dehisce when dry to release seeds passively. These seedslack
wings, barbs, or hooks for dispersal by wind or animals. Dispersal distances are probably
relatively short.
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Cge. Sensitivity to pathogens or natural enemies: Neutral.

Impacts from pathogens are not known. Herbivory by livestockhas beenidentified as a
potential threat (Camp and Gamon 2011), although most Astragalus species are toxic and only
utilized when other forage is not available.

Cyaf. Sensitivity to competition from native or non-native species: Somewhat Increase.
Astragalus arrectus occursin patches of remnant grasslands and open Ponderosa pine
woodlands. Adjacent areas have mostly been converted to crop agriculture. Disturbance from
farming and wildfire make these areas susceptible to invasion by introduced weed species
(Rocchio and Ramm-Granberg 2017).

C4g. Forms part of an interspecific interaction not covered above: Neutral.
Does not require an interspecific interaction.

Csa. Measured genetic variation: Unknown.

No genetic data are available for Astragalus arrectus in Washington. Other speciesin
subsection Arrectihave base chromosome countsof n= 11 or 12 (Spellenberg1976). The
populations along the Columbia River in Lincoln County are somewhat disjunct fromthe core
range of the species in southeastern Washington and adjacent Idaho and might be expected to
have lower genetic diversity due to founder effects or reproductive isolation.

Csb. Genetic bottlenecks: Unknown.

Csc. Reproductive System: Neutral

Astragalus arrectusis assumed to be an outcrosser, rather than self-pollinated. Presumably,
genetic variationis average rangewide, compared to other species, but no studies have been
done for confirmation. Isolated occurrences, like those in Lincoln County, WA, may have lower
genetic diversity.

C6. Phenological response to changing seasonal and precipitation dynamics: Somewhat
Increase.

Based on herbarium records from the Consortium of Pacific Northwest herbaria website, the
flowering period for Astragalus arrectus in Washington has shifted to earlier spring (mid April
through early June) in the past 50 years, compared to early July in the late 1800s.

Section D: Documented or Modeled Response to Climate Change

D1. Documented response to recent climate change: Neutral.

Several occurrences from southeastern Washington are historical and potentially extirpated due
to habitat conversion to agriculture or urbanization (Fertig and Kleinknecht 2020). Whether
the range has contracted due to climate change is not known.

D2. Modeled future (2050) change in population or range size: Unknown
D3. Overlap of modeled future (2050) range with current range: Unknown

D4. Occurrence of protected areas in modeled future (2050) distribution: Unknown
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Climate Change Vulnerability Index Report
Astragalus arthuri (Arthur’s milkvetch)

Date: 16 March2021

Assessor: Walter Fertig, WA Natural Heritage Program
Geographic Area: Washington

Index Result: Moderately Vulnerable.

Climate Change Vulnerability Index Scores

Heritage Rank: G4/S2
Confidence: Very High

Section A: Local Climate | Severity Scope (% of range)

1. Temperature Severity >6.0°F (3.3°C) warmer 0
5.6-6.0°F(3.2-3.3°C) warmer 0
5.0-5.5°F(2.8-3.1°C) warmer 0
4.5-5.0°F (2.5-2.7°C) warmer 100
3.9-4.4°F(2.2-2.4°C) warmer 0
<3.9°F (2.2°C)warmer 0

2. Hamon AET :PET moisture | < -0.119 0
-0.0971t0-0.119 15.8
-0.074t0-0.096 84.2
-0.051t0-0.073 0
-0.028t0-0.050 0
>-0.028 0

Section B: Indirect Exposure to Climate Change

Effect on Vulnerability

1. Sealevelrise Neutral

2a. Distributionrelative to natural barriers Somewhat Increase
2b. Distribution relative to anthropogenic barriers Somewhat Increase
3. Impacts from climate change mitigation Neutral
Section C: Sensitivity and Adaptive Capacity

1. Dispersal and movements Somewhat Increase
2ai Change in historical thermal niche Neutral

2aii. Change in physiological thermal niche Neutral

2bi. Changes in historical hydrological niche Somewhat Increase
2bii. Changes in physiological hydrological niche Somewhat Increase
2c¢. Dependence on specific disturbance regime Somewhat Increase
2d. Dependence onice or snow-covered habitats Neutral

3. Restricted to uncommon landscape/geological features Neutral
4a.Dependence on others species to generate required habitat Neutral

4b. Dietary versatility Not Applicable
4c. Pollinator versatility Unknown

4d. Dependence on other species for propagule dispersal Neutral

4e. Sensitivity to pathogens or natural enemies Neutral

4f. Sensitivity to competition from native or non-native species Somewhat Increase
4g. Forms part of an interspecific interaction not covered Neutral
above

5a. Measured genetic diversity Unknown

5b. Genetic bottlenecks Unknown

5c¢. Reproductive system Neutral
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6. Phenological response to changing seasonal and Neutral
precipitation dynamics

Section D: Documented or Modeled Response

D1. Documented response to recent climate change Neutral
D2. Modeled future (2050) change in population or range size Unknown
D3. Overlap of modeled future (2050) range with current Unknown
range

D4. Occurrence of protected areas in modeled future (2050) Unknown
distribution

Section A: Exposure to Local Climate Change

A1.Temperature: The 19 extant and historical occurrences of Astragalus arthuri in Washington
(100%) occurinan area with a projected temperature increase of 4.5-5.0° F (Figure 1).

Temperature Increase
degrees Fahrenheit
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Figure 1. Exposure of Astragalus arthuri occurrences in Washington to projected
local temperature change. Base map layers from www.natureserve.org/ccvi
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A2.Hamon AET :PET Moisture Metric: Sixteen of the 19 occurrences of Astragalus arthuri
(84.2%)1in Washington are found in an area with a projected decreasein available moisture (as
measured by the ratio of actual to potential evapotranspiration) in the range of -0.074 to -0.096
(Figure 2). The other three occurrences (15.8%) are from areas with a projected decrease in
available moisture of -0.097 t0 -0.119.
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Figure 2. Exposure of Astragalus arthuri occurrences in Washington to projected moisture
availability (based onratio of actual to predicted evapotranspiration). Base map layers from
www.natureserve.org/ccvi
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Section B. Indirect Exposure to Climate Change

B1. Exposureto sealevel rise: Neutral.
The Washington occurrences of Astragalus arthuri are found at 800-3900 feet (245-1200 m)
and would not be inundated by projected sealevelrise.

B2a. Natural barriers: Somewhat Increase.

In Washington, Astragalus arthuri is found on dry grassy hills and rocky meadows on basalt
dominated by bluebunch wheatgrass (Pseudoroegneria spicata), Idaho fescue (Festuca
idahoensis) and Sandbergbluegrass (Poa secunda) (Camp and Gamon 2011; Fertigand
Kleinknecht 2020). This habitat is a component of the Columbia Basin Foothill and Canyon Dry
Grassland ecological system (Rocchio and Crawford 2015). Washington populations occur
mostly onridges and are separated from other populations by distances of 1-6.6 miles (1.9-11
km). Theintervening unoccupied valley bottom habitat creates a barrier to dispersal or
migration.

B2b. Anthropogenic barriers: Somewhat Increase.
The range of Astragalus arthuri in Washingtonis bisected by roads and agricultural fields that
forma barrier to dispersal.

B3. Predictedimpacts ofland use changes from climate change mitigation: Neutral.

Section C: Sensitive and Adaptive Capacity

C1. Dispersal and movements: Somewhat Increase.

Astragalus arthuri produces 5-20 flowers per inflorescence and each mature fruit contains 18-
30 seeds that are released passively by dehiscence of the legume pod (Barneby 1964). The seeds
do not possess any wings, barbs, or hooks to promote dispersal by wind or animals. Dispersal is
primarily by gravity and perhaps secondarily by insects or rodents, but the total distance is
probably relatively short (no more than100 m).

C2ai. Historical thermal niche: Neutral.

Figure 3 depicts the distribution of Astragalus arthuri in Washington relative to mean seasonal
temperature variation for the period from 1951-2006 (“historical thermal niche”). Twelve of the
19 occurrences (63.2%) are found in areas that have experienced average (57.1-77°F/31.8-
43.0°C)temperaturevariation during the past 50 years and are considered at neutral
vulnerability to climate change (Youngetal. 2016). The other7 occurrences (36.8%) are from
areas with slightly lower than average (47.1-57°F/26.3-31.8°C) temperature variation and are at
somewhat increased risk from climate change Young et al. 2016).

C2aii. Physiological thermal niche: Neutral.

The Columbia Basin Foothill and Canyon Dry Grassland habitat of Astragalus arthuri is not
associated with cold air drainage during the growing season and would have neutral
vulnerability to climate change.
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Figure 3. Historical thermal niche (exposure to past temperature variations) of Astragalus
arthuri occurrences in Washington. Base map layers from www.natureserve.org/ccvi

C2bi. Historical hydrological niche: Somewhat Increase.

Eleven of the 19 occurrence of Astragalus arthuri in Washington (57.9%) are found in areas that
have experienced slightly lower than average (11-20 inches/255-508 mm) of precipitation
variationinthe past 50 years (Figure 4). Accordingto Young etal. (2016), these areas are at
somewhat increased vulnerability to climate change. Eight other populationsoccurinareas
with average precipitation variation (21-40 inches/508-1016 mm) over the same period and are
at neutral vulnerability to climate change.
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Figure 4. Historical hydrological niche (exposure to past variations in precipitation) of
Astragalus arthuri occurrences in Washington. Base map layersfrom
www.natureserve.org/ccvi

C2bii. Physiological hydrological niche: Somewhat Increase.

This species is dependent primarily on adequate precipitation for its moisture requirements,
because its habitat is typically not associated with springs, streams, or a high water table. The
Columbia Basin Foothills and Canyon Dry Grassland ecological system is vulnerable to changes
in the timing or amount of precipitation, including extreme precipitation events that could
accelerate erosion of steep slopes. Changesin precipitation, coupled with increasesin
temperature, could resultin more frequent and severe drought and an increase in fire frequency
(Rocchio and Ramm-Granberg2017).
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C2c. Dependence ona specific disturbance regime: Somewhat Increase.

Astragalus arthuri is dependent on infrequent wildfire to reduce encroachment fromless fire -
adapted shrub species and to maintain open grassland habitat. Natural fire frequencyis thought
to be less than 20 years (Rocchio and Crawford 2015). Increased drought and reduced summer
precipitation, however, might make wildfires too frequent and result in replacement of native
perennial bunchgrass with annual introduced grasses (Rocchio and Ramm-Granberg 2017).

C2d. Dependence onice or snow-coverhabitats: Neutral.
Snowpack is relatively low over the range of Astragalus arthuri in the easternfoothills of the
Blue Mountainsin southeastern Washington and a small component of its annual water budget.

C3. Restricted to uncommon landscape/geological features: Neutral.

Astragalus arthuri is found on outcrops of the Saddle Mountain and Grande Ronde basalts,
which are widespread in the Blue Mountains and elsewhere in eastern Washington (Washington
Division of Geology and Earth Resources 2016).

Cqa. Dependence onother species to generate required habitat: Neutral.

Browsing by ungulates, rodents, and insects that would impede shrub cover would help
maintain the rocky grasslands occupied by Astragalus arthuri, although drought and infrequent
fire probably are more significant.

C4b. Dietary versatility: Not applicable for plants

C4c. Pollinator versatility: Unknown.
The specific pollinators of Astragalus arthuri are not known, but other Astragalus species are
usually pollinated by bees.

C4d. Dependence onother species for propagule dispersal: Neutral.
The fruits of Astragalus arthuri dehisce when dry to release seeds passively. Theseseedslack
wings, barbs, or hooks for dispersal by wind or animals.

Cge. Sensitivity to pathogens or natural enemies: Neutral.

Impacts from pathogens are not known. Most Astragalus species are unpalatable or toxic to
herbivores due to the presence of indolizidine alkaloids, aliphatic nitro compounds, or selenium
in their tissues (Rios and Waterman 1997). Although some populations of A. arthuri are found
in areas grazed by cattle and horses (Camp and Gamon 2011), herbivory is probably not a
significant threat (Fertig and Kleinknecht 2020).

Caf. Sensitivity to competition from native or non-native species: Somewhat Increase.
Astragalus arthuri occursin grassland slopes that burn infrequently. Under projected future
climate change, these areas will be more prone to drought and increased frequency of wildfires,
which in turn could lead to increased competition with non-native annual weeds (Rocchio and
Ramm-Granberg2017).

C4g. Forms part of an interspecific interaction not covered above: Neutral.
Does not require an interspecific interaction.
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Csa. Measured genetic variation: Unknown.
No genetic data are available for Astragalus arthuri in Washington. Head (1957) reported the
chromosome number of A. arthuri tobe 2n = 24.

Csb. Genetic bottlenecks: Unknown.

Csc. Reproductive System: Neutral.

Astragalus arthuri is presumed to be an outcrosser, rather than self-pollinated. Presumably,
genetic variationis average, compared to other species, but no studies have been done for
confirmation.

C6. Phenological response to changing seasonal and precipitation dynamics: Neutral.
Based on herbarium records fromthe Consortium of Pacific Northwest herbaria website, no
significant changesin the phenology of Astragalus arthuri populations in Washington have
beendetected overthe past 9o years.

Section D: Documented or Modeled Response to Climate Change

D1. Documented response to recent climate change: Neutral.

Four ofthe 19 occurrences of Astragalus arthuri in Washington are historical and have not been
relocated since 1981 (Fertigand Kleinknecht 2020). These populations are mostly on private
lands that could be impacted by development, conversion to agriculture, or herbicides (Camp
and Gamon 2011). No occurrences are known to be directly lost due to impacts fromrecent
climate change.

D2. Modeled future (2050) change in population or range size: Unknown

D3. Overlap of modeled future (2050) range with current range: Unknown

D4. Occurrence of protected areas in modeled future (2050) distribution: Unknown
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Climate Change Vulnerability Index Report
Astragalus australis var. cottonii (Cotton’s milkvetch)

Date: 1 February 2021 Synonym: A. australis var. olympicus

Assessor: Walter Fertig, WA Natural Heritage Program

Geographic Area: Washington Heritage Rank: G5T2Q/S2

Index Result: Highly Vulnerable. Confidence: Very High

Climate Change Vulnerability Index Scores

Section A: Local Climate | Severity Scope (% of range)

1. Temperature Severity >6.0°F (3.3°C) warmer 0
5.6-6.0°F(3.2-3.3°C) warmer 0
5.0-5.5°F(2.8-3.1°C) warmer 0
4.5-5.0°F (2.5-2.7°C) warmer 0
3.9-4.4° F(2.2-2.4°C) warmer 0
<3.9°F (2.2°C)warmer 100

2. Hamon AET :PET moisture | < -0.119 0
-0.09710-0.119 0
-0.074t0-0.096 100
-0.051t0-0.073 0
-0.028t0-0.050 0
>-0.028 0]

Section B: Indirect Exposure to Climate Change Effect on Vulnerability

1. Sealevelrise Neutral

2a. Distribution relative to natural barriers Increase

2b. Distribution relative to anthropogenic barriers Neutral

3. Impacts from climate change mitigation Neutral

Section C: Sensitivity and Adaptive Capacity

1. Dispersal and movements Increase

2ai Change in historical thermal niche Greatly Increase

2aii. Change in physiological thermal niche Increase

2bi. Changes in historical hydrological niche Neutral

2bii. Changes in physiological hydrological niche Somewhat Increase

2c¢. Dependence on specific disturbance regime Neutral

2d. Dependence onice or snow-covered habitats Somewhat Increase

3. Restricted to uncommon landscape/geological features Somewhat Increase

4a.Dependence on others species to generate required habitat Neutral

4b. Dietary versatility Not Applicable

4c. Pollinator versatility Somewhat Increase

4d. Dependence on other species for propagule dispersal Neutral

4e. Sensitivity to pathogens or natural enemies Somewhat Increase

4f. Sensitivity to competition from native or non-native species Somewhat Increase

4g. Forms part of an interspecific interaction not covered Neutral

above

5a. Measured genetic diversity Unknown

5b. Genetic bottlenecks Unknown

5c¢. Reproductive system Somewhat Increase
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6. Phenological response to changing seasonal and Neutral
precipitation dynamics

Section D: Documented or Modeled Response

D1. Documented response to recent climate change Neutral/Somewhat Increase
D2. Modeled future (2050) change in population or range size Increase

D3. Overlap of modeled future (2050) range with current Neutral

range

D4. Occurrence of protected areas in modeled future (2050) Neutral
distribution

Section A: Exposure to Local Climate Change

A1.Temperature: All eight of the occurrences of Astragalus australisvar. cottoniiin
Washington (100%) are found in areas with a projected temperature increase of < 3.9° F (Figure

1).

Temperature Increase
degrees Fahrenheit

- <3.9 ®  Astragalus australis var. cottonii
- 3.9-44 0 25 50 100 Miles
|:| 4550 I N

B 5.1-55

Bl ~55

Figure 1. Exposure of Astragalus australis var. cottonii occurrences in Washington to
projectedlocal temperature change. Base map layers from www.natureserve.org/ccvi
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A2.Hamon AET :PET Moisture Metric: The eight occurrences of Astragalus australis var.
cottonii (100%)in Washington are found in areas with a projected decrease inavailable
moisture (as measured by the ratio of actual to potential evapotranspiration) in the range of
-0.074 t0-0.096 (Figure 2).

/\\
\\
—
Claitam
-
- *
e 8,
Jefferson {
" el
- I —s#Kits ap
e PRSI ,
[ J‘ King
Mason |
! L
') -—-\ 3
=l R o Kittitas
J Grays Harbor ]1 T Bletos rze O
Z
Thulstcn“\\ P L_.._] Whitman

\ ”/“_{?Sknmlnia r""’_'-_‘ '''''''
|I { Klickitafi
L

Moisture Availability AET:PET

B <0110

[ -0.097--0.119 *  Astragalus australis var. cottonii
:| -0.074 - -0.096 0 25 50 100 Miles

[ ]-0051--0073 T —

[ -0.028 - -0.050

B > -0.028

Figure 2. Exposure of Astragalus australis var. cottonii occurrences in Washington to
projected moisture availability (based onratio of actual to predicted evapotranspiration).
Base map layers from www.natureserve.org/ccvi
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Section B. Indirect Exposure to Climate Change

B1. Exposureto sealevel rise: Neutral.
The Washington occurrences of Astragalus australis var. cottonii are found at 4800-6000feet
(1460-1830 m) and would not be inundated by projected sealevelrise.

B2a. Natural barriers: Increase.

Astragalus australis var. cottoniiis endemic to the northeastern Olympic Range in Washington,
where it is found in sparsely vegetated cushion plant or meadow communities on unstable scree
slopes and ridges, often associated with limestone. Most sites are on southern or western
exposures (Kaye 1989). Occasionally, plants are associated with rock outcrops, nearly barren
slopes, or small clusters of trees. These habitats are a component of the North Pacific Alpine
and Subalpine Bedrock and Scree ecological system (Rocchioand Crawford 2015). The entire
range of var. cottoniiisrestricted to anarea of 10 x 20 miles (6 x 12 km) (Camp and Gamon
2011). Individual occurrences are naturally separated by valleys between alpine ridges, which
create abarrier to local dispersal and gene flow. Theisolation of the Olympic Range also
constrains potential migration to other alpine mountain ranges north and east of the Salish
Sea/Puget Sound.

B2b. Anthropogenic barriers: Neutral.

The range of Astragalus australis var. cottoniiin Washingtonis primarily above treeline in
Olympic National Park and Olympic National Forest. These areas have some hiking trails but
otherwise the human footprint is small and does not present a significant barrier to dispersal.

B3. Predicted impacts of land use changes from climate change mitigation: Neutral.

Section C: Sensitive and Adaptive Capacity

C1. Dispersal and movements: Increase.

Astragalus australis var. cottonii plants produce an average of 20 inflorescences, 314 flowers,
56 fruits, and 154 seeds (Kaye 1999). Seeds are released passively fromthe dry legume pod after
it has dehisced from the infructescence. The inflated pods potentially could be transported short
distances by high winds. Dispersal distances are probably relatively short (well under 100 m).

C2ai. Historical thermal niche: Greatly Increase.

Figure 3 depicts the distribution of Astragalus australis var. cottoniiin Washingtonrelative to
mean seasonal temperature variation for the period from 1951-2006 (“historical thermal
niche”). Seven of the eight known occurrences (87.5%) are found in areas that have experienced
very small (<37 °F/20.8°C) temperature variation during the past 50 years and are considered at
greatly increased vulnerability to climate change (Younget al. 2016). One other occurrenceis
froman area with small (37-47°F/20.8-26.3°C) temperature variation over the same time
period and is at increased vulnerability to climate change.
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Figure 3. Historical thermal niche (exposure to past temperature variations) of Astragalus
australis var. cottonii occurrences in Washington. Base map layers from
www.natureserve.org/ccvi

C2aii. Physiological thermal niche: Increase.

The range of Astragalus australis var. cottoniiis restricted to alpine areas exposed to high
winds and cold winter temperatures. Most populations occur on south-facingslopesthat are
warmer than adjacent slopes. Increased temperatures could extend the growing season (Rocchio
and Ramm-Granberg 2017), but might also put this species under increased moisture stress.
Kaye (1999) showed that drought stress was a factor inthe abortion of ovules and overall
reduction of seed set in this species. A prolonged growingseason could favor other plant species
expandinginto the habitat of A. australis var. cottonii and lead to increased competition for
space and resources.
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C2bi. Historical hydrological niche: Neutral.

All eight of the occurrences of Astragalus australis var. cottoniiin Washington (100%) are
foundin areasthat have experienced greater than average (>40 inches/1016 mm) precipitation
variationinthe past 50 years (Figure 4). Accordingto Youngetal. (2016), these areas are at
neutral vulnerability to climate change.

Mean Annual Precipitation Variation

<VALUE> ®  Astragalus australis var. cottonii
l:l 4-10 0 25 50 100 Miles
-2 O EE——
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Figure 4. Historical hydrological niche (exposure to past variations in precipitation) of
Astragalus australis var. cottonii occurrences in Washington. Base map layers from
www.natureserve.org/ccvi

C2bii. Physiological hydrological niche: Somewhat Increase.

Kaye (1989) found that Astragalus australis var. cottonii occurs primarily ondrier, south and
west-facing slopes with unstable soils where snowpacks do not persist. Increased temperatures
from climate change are likely to change the timing of snowmelt, leading to earlier runoff
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(Rocchio and Ramm-Granberg 2017). Changesin the timing or amount of summer
precipitation could have negative impacts on development of ovules in fruit pods, which is
currently afactor contributing to reduced seed production (Kaye 1999).

C2c. Dependence ona specific disturbance regime: Neutral.

Astragalus australis var. cottoniimay depend on frost heaving or landslides to maintain its
sparsely vegetated barren rocky slope habitat. These natural processes could be reduced if total
vegetation cover were to increase in response to warming conditions and a longer growing
seasonin the alpine zone (Rocchio and Ramm-Granberg2017).

C2d. Dependence onice or snow-coverhabitats: Somewhat Increase.

The Olympic Mountains average over 10 meters (400 inches) of snow. The alpine areas
inhabited by Astragalus australis var. cottonii are on open or steep slopes where snow is more
exposed to wind and sun and less likely to accumulate late into the summer, making the local
microenvironment droughtier than surrounding areas.

C3. Restricted to uncommon landscape/geological features: Somewhat Increase.
Astragalus australis var. cottoniiisrestricted to steep, barren, high elevation calcareous
substrates derived from uplifted sea floor sediments (Kaye 1989, Washington Division of
Geology and Earth Resources 2016). The distribution of these sites is limited within the
northeastern Olympics.

Cqa. Dependence onother species to generate required habitat: Neutral.

Thebarrenslope and sparsely vegetated conditions favored by this species are maintained in
part by natural processes, such as landslides and wind erosion. Feral mountain goats
(Oreamnos americanus) released in the Olympic Mountains in the 1920s may have contributed
to the creation of barrensites through herbivory, trampling, or dust wallows (Schreiner et al.

1994).

C4b. Dietary versatility: Not applicable for plants

C4c. Pollinator versatility: Somewhat Increase.

Kaye (1989) observed potential pollination of Astragalus australis var. cottonii flowers by three
species of bumblebee (Bombus appositus, B. bifarius nearcticus, and B. occidentalis
occidentalis), and three species of solitary bee (Anthidium tenuiflorae, Megachilemelanophaea
calogaster,and Osmia sp.). In any given population, however, no more than three pollinator
species were present, and there was little overlap in pollinators present at sites on the east and
west ends of its range. Astragalus australis var. cottoniiis self-compatible, though with
reduced seed production (Kaye 1999). Fruit set averages 25% and is limited in part by pollinator
availability, adequate resources (especially summer moisture) for seed development, and seed
predation (Kaye 1999).

C4d. Dependence on other species for propagule dispersal: Neutral.

The fruits of Astragalus australis var. cottonii dehisce when dry to release seeds passively by
gravity or wind. These seedslack wings, barbs, or hooks for dispersal by wind or animals.
Dispersal distances are probably relatively short.
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Cge. Sensitivity to pathogens or natural enemies: Somewhat Increase.

Reproduction can be impacted by loss of seeds to predation by weevil larvae (Tychius sp). Rates
of seed predationranged from 28.4-60.9% over two years at two study sitesin the Olympics
(Kaye 1999). Introduced mountain goats have been observed grazing on Astragalus australis
var. cottonii, as well as trampling and wallowing in Astragalus habitat. Grazing by mountain
goatswas observed on72% ofindividual A. australis var. cottonii plants in study plots, with 76-
100% of the plants consumed (Schreiner et al. 1994). The National Park Service and WA
Department of Fish and Wildlife are actively workingto cull or translocate mountain goats with
the ultimate goal of eliminating them from the Olympic Range (Harriset al. 2019).

Caf. Sensitivity to competition from native or non-native species: Somewhat Increase.
Astragalus australis var. cottonii occurs mostly in sparsely vegetated scree slopes and open
alpine meadows. Kaye (1989) found that the cover and density of A. australis var. cottoniiwas
negatively correlated with density and cover of other plant species in stable meadow sites.
Populations onbarren, steep, unstable talus were less affected by competition. This speciesis
probably a poor competitor but can persist in less optimal sites where other plant species are
less adapted. Under projected future climate change, the alpine habitats of A. australis var.
cottoniiare likely to be warmer and have a longer growing season (Rocchio and Ramm-
Granberg2017), which may allow subalpine species to expand their range or increase the cover
of other alpine plants, resulting in increased competition. Herbivory or trampling by introduced
mountain goats has been identified as a potential threat (Schreiner et al. 1994).

C4g. Forms part of an interspecific interaction not covered above: Neutral.
Does not require an interspecific interaction.

Csa. Measured genetic variation: Unknown.
No genetic data are available for Astragalus australis var. cottonii in Washington.

Csb. Geneticbottlenecks: Unknown.

Small populations of Astragalus australis var. cottonii may have been restricted to unglaciated
refugia within the Olympic Mountains during the Pleistocene and subjected to genetic
bottlenecks (Buckingham et al. 1995), but corroborating genetic data are not available.

Csc. Reproductive System: Somewhat Increase.

Astragalus australis var. cottoniiis capable of self-pollination, but is primarily an outcrosser
pollinated by bees. Kaye (1989) observed different bee pollinators at study sites in the east and
west ends of the species’range, with no overlap, suggesting that pollen dispersal within its range
may be limited. The geographic isolation of var. cottonii (perhaps due to its persistence in
glacial refugia) has likely resulted in genetic diversification from other varieties of A. australis
found in the Rocky Mountains from SW British Columbia and Alberta to Utah and Wyoming.

C6. Phenological response to changing seasonal and precipitation dynamics: Neutral.

Based on Washington Natural Heritage Program data, no significant changesin the phenology
of Astragalus australis var. cottonii populations have been detected over the past 20 years.
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Section D: Documented or Modeled Response to Climate Change

D1. Documented response to recent climate change: Neutral/Somewhat Increase.

The overall abundance and range of Astragalus australis var. cottonii appears to be stable since
the late 19805 (4000-4400 individuals in 8 occurrences in four main clusters; Kaye 1989; Fertig
2020). One occurrence hasnot beenrelocated since 1981 and is now considered historical.
Short term monitoring studies in the late 1980s documented a decline in density at some sites
that may be more attributable to mountain goat herbivory than climate change (Schreiner et al.

1994).

D2. Modeled future (2050) change in population or range size: Increase.

Populations of Campanula piperi and Viola flettii overlap with Astragalus australis var.
cottoniiin the northeastern Olympic Range (Kaye 1989). Wershow and DeChaine (2018)
modeled the projected future habitat of C. piperi, V. flettii, and three other Olympic alpine
endemics and found that 85-99% of their current habitat would no longer be suitable by 2080
due to rising temperatures and reduced moisture availability.

D3. Overlap of modeled future (2050) range with current range: Neutral.

Based on the projected future range of other alpine endemic plants found in similar habitatsin
the Olympic Mountains (Wershow and Dechaine 2018), the range of Astragalus australis var.
cottoniiis expected to contract rather than shift in distribution.

D4. Occurrence of protected areasin modeled future (2050) distribution: Neutral.
Despite the likely contraction of potential suitable habitat due to climate change, the entire
range of Astragalus australis var. cottonii will still be restricted to Olympic National Park.
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Climate Change Vulnerability Index Report
Astragalus microcystis (Least bladdery milkvetch)

Date: 22 August2021

Assessor: Walter Fertig, WA Natural Heritage Program

Geographic Area: Washington
Index Result: Moderately Vulnerable

Heritage Rank: G5/S2

Climate Change Vulnerability Index Scores

Confidence: Moderate

Section A: Local Climate

Severity

Scope (% of range)

1. Temperature Severity

>6.0°F (3.3°C) warmer

5.6-6.0°F(3.2-3.3°C) warmer

5.0-5.5°F(2.8-3.1°C) warmer

4.5-5.0°F (2.5-2.7°C) warmer

3.9-4.4°F(2.2-2.4°C) warmer
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Section B: Indirect Exposure to Climate Change

Effect on Vulnerability

1. Sealevelrise Neutral

2a. Distributionrelative to natural barriers Somewhat Increase
2b. Distribution relative to anthropogenic barriers Neutral

3. Impacts from climate change mitigation Neutral
Section C: Sensitivity and Adaptive Capacity

1. Dispersal and movements Somewhat Increase

2ai Change in historical thermal niche

Neutral/Somewhat Increase

2aii. Change in physiological thermal niche

Somewhat Increase/Increase

2bi. Changes in historical hydrological niche Neutral

2bii. Changes in physiological hydrological niche Somewhat Increase/Increase
2c. Dependence on specific disturbance regime Neutral

2d. Dependence onice or snow-covered habitats Somewhat Increase

3. Restricted to uncommon landscape/geological features Neutral/Somewhat Increase
4a. Dependence on others species to generate required habitat Neutral

4b. Dietary versatility Not Applicable

4c. Pollinator versatility Unknown

4d. Dependence on other species for propagule dispersal Neutral

4e. Sensitivity to pathogens or natural enemies Neutral

4f. Sensitivity to competition from native or non-native species Somewhat Increase

4g. Forms part of an interspecific interaction not covered Neutral

above

5a. Measured genetic diversity Unknown
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5b. Genetic bottlenecks Unknown

5c¢. Reproductive system Neutral

6. Phenological response to changing seasonal and Neutral
precipitation dynamics

Section D: Documented or Modeled Response

D1. Documented response to recent climate change Neutral
D2. Modeled future (2050) change in population or range size Unknown
D3. Overlap of modeled future (2050) range with current Unknown
range

D4. Occurrence of protected areas in modeled future (2050) Unknown
distribution

Section A: Exposure to Local Climate Change

A1. Temperature: Twenty-four occurrences of Astragalus microcystis innortheastern
Washington (88.9%) are found in areas with a projected temperature increase of 3.9-4.4° F

Temperature Increase
degrees Fahrenheit

- <3.9 *  Astragalus microcystis
- 3.9-4.4 0 25 50 100 Miles
‘:I 45-5.0 N I
[ 5.1-55

B -5

Figure 1. Exposure of Astragalus microcystis occurrences in Washingtonto projected
local temperature change. Base map layers from www.natureserve.org/ccvi
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(Figure 1). Three other occurrences from the Olympic Mountains (10.1%) are from areas with a
projected temperature increase of <3.9° F.

A2.Hamon AET:PET Moisture Metric: Twenty of the 27 occurrences (74.1%) of Astragalus
microcystisin Washington are found in areas with a projected decrease in available moisture (as
measured by the ratio of actual to potential evapotranspiration) in the range of -0.097t0 -0.119
(Figure 2). Four populations (14.8%), including all those from the Olympic Range, are from
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Figure 2. Exposure of Astragalus microcystis occurrences in Washington to projected

moisture availability (based onratio of actual to predicted evapotranspiration). Base map
layers from www.natureserve.org/ccvi
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areas with a projected decrease 0f -0.074t0-0.096 (14.8%). Three occurrences (11.1%) from the
Columbia Plateau are from areas with a projected decrease of -0.051t0 -0.073 (Figure 2).

Section B. Indirect Exposure to Climate Change

B1. Exposureto sealevel rise: Neutral.
Washington occurrences of Astragalus microcystis are found at 1900-6300 feet (580-2000 m)
and would not be inundated by projected sealevelrise.

B2a. Natural barriers: Somewhat Increase.

Populations of Astragalus microcystis in northeastern Washington occurprimarily on steep to
flat gravelly or sandy riverbanks, islands, roadcuts, or terrace openings (Camp and Gamon
2011). Most of these occurrences are associated with the Columbia or Pend Oreille rivers. These
sites are part of the Northern Rocky Mountain Lower Montane Riparian Woodland and
Shrubland ecological system (Rocchio and Crawford 2015). Disjunct populations fromthe
Olympic Range are found in sparsely vegetated alpine or upper subalpine cushion plant
communities ondry, gravelly soils (Camp and Gamon 2011). These populations are part of the
North Pacific Dry and Mesic Alpine Dwarf-Shrubland, Fell-Field and Meadow ecological system
(Rocchio and Crawford 2015). Individual populations are separated by 1-29 miles (2.6-47 km)
in northeastern Washington and 1.6-4 .4 miles (3-6.8 km) in the Olympic Range. Natural
barriers are relatively unimportant along river corridors in northeastern Washington or along
ridgelines in the Olympic Mountains, but are more significant between watersheds or across
mountain valleys. The populationsinthe Olympics are separated by 194 miles (310 km) of
unsuitable habitat from those along the Columbia River and tributaries in eastern Washington.

B2b. Anthropogenic barriers: Neutral.

The alpine habitat of Astragalus microcystisinthe Olympic Range is relatively unimpacted by
human activities, other than summer recreation. Populations in northeastern Washington are
found in naturally disturbed sites along rivers and occasionally in human-impacted sites
(roadsides and a quarry) that have conditions comparable to its native habitat.

B3. Predicted impacts of land use changes from climate change mitigation: Neutral.

Section C: Sensitive and Adaptive Capacity

C1. Dispersal and movements: Somewhat Increase.

Astragalus microcystis produces 6-8 seeds per fruit. The fruits are papery and inflated at
maturity, which may aid in dispersal. Barneby (1964) postulated that populations alongthe
Pend Oreille and other tributaries of the Columbia River may have been transported by water
fromthe core range of the species along the Continental Divide. Disjunct occurrencesinthe
Olympic Mountains are likely due to chance, long distance dispersal events. Average dispersal
distances are probably between 100-1,000 meters.

C2ai. Historical thermal niche: Neutral/Somewhat Increase.

Figure 3 depictsthe distribution of Astragalus microcystisin Washington relative to mean
seasonal temperature variation for the period from 1951-2006 (“historical thermal niche”). All
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24 occurrences from northeastern Washington (88.9% of the state total) are found in areas that
have experienced average temperature variation (57.1-77°F/31.8-43.0 °C) during the past 50
yearsand are considered at neutral vulnerability to climate change (Younget al. 2016). Two
occurrences from the Olympic Range are from areas with very small temperature variation (<37
°F/20.8°C) during the same period and are at greatly increased vulnerability. One other
population from the Olympic Range has experienced small temperature variation (37-
47°F/20.8-26.3°C) and is at increased vulnerability to climate change. Thisvariableisscored as
Neutral/Somewhat Increase to capture the variationin vulnerability across the species’range in

Washington.
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Figure 3. Historical thermal niche (exposure to past temperature variations) of
Astragalus microcystis occurrences in Washington. Base map layers from
www.natureserve.org/ccvi
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C2aii. Physiological thermal niche: Somewhat Increase/Increase.

Populations of Astragalus microcystis from alpine habitats in the Olympic Mountains are
entirely within a cold climate zone during the flowering season and are highly vulnerable to
temperature increase from climate change. Other populations fromlower elevation sitesin
northeastern Washington are found in cold air drainagesin river bottoms that are locally cooler
microhabitats and somewhat vulnerable to temperature increases.

C2bi. Historical hydrological niche: Neutral.

Twenty-three populations of Astragalus microcystis in Washington (85.2%) are found in areas
that have experienced average or greater than average precipitation variation in the past 50
years (>20 inches/508 mm) (Figure 4). Accordingto Youngetal. (2016), these occurrences are
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Figure 4. Historical hydrological niche (exposure to past variations in precipitation) of
Astragalus microcystis occurrences in Washington. Base map layers from
www.natureserve.org/ccvi
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Neutral for climate change. Four other occurrences fromnortheastern Washington (14.8%) are
from areas with slightly lower average (11-20 inches/255-508 mm) precipitation variation and
are at somewhat increased vulnerability to climate change.

C2bii. Physiological hydrological niche: Somewhat Increase/Increase.

Populations from the Olympic Mountains are found on drier slopes where snow drifts may not
persist. Increased temperatures from climate change are likely to alter the timing of snowmelt,
potentially making these sites even drier (Rocchio and Ramm-Granberg 2017). Lowelevation
occurrences along gravelly riverbanks in northeastern Washington could be impacted by shifts
in seasonal flooding patternsrelated to changes in the amount of precipitation or timing of
mountain snow runoff related to climate change. Lower summer stream flows due to lower
precipitation or higher temperatures are also a potential impact of climate change (Rocchio and
Ramm-Granberg2017).

C2c. Dependence ona specific disturbance regime: Neutral.

In northeastern Washington, Astragalus microcystis occurs in naturally disturbed sandy and
gravel terraces alongrivers and in some human-altered sites, such as roadsides and quarries.
Other populations from the Olympic Mountains are found in sparsely vegetated cushion plant
communities with dry, rocky soil exposed to natural disturbances, such as high winds and
erosion. Acrossitsrange, disturbance patterns are not likely to be altered by climate change.

C2d. Dependenceonice or snow-coverhabitats: Somewhat Increase.

The populations of Astragalus microcystis from the Olympic Mountains of Washington are
found on alpine ridgecrests in cushion plant communities where snow accumulation may be low
due to blowing wind. Reduced snowpack due to climate change, however, would further
decrease the amount of moisture available through runoff (Rocchio and Ramm-Granberg 2017).
Other populations from eastern Washington at lower elevations along the Columbia and Pend
Oreille rivers may be impacted fromreduced stream flows resulting from decreased snowpack in
the Okanogan Plateau or Canadian Rockies.

C3. Restricted to uncommon landscape/geological features: Neutral/Somewhat Increase.
Most occurrences of Astragalus microcystis along the Columbia and Pend Oreillerivers are
found on alluvial deposits of gravel or sand (Washington Division of Geology and Earth
Resources 2016). This geologic feature is widespread in northeastern Washington. Populations
in the Olympic Mountains are strongly correlated with limestone (Camp and Gamon 2011)
which is limited primarily to the northeastern part of the range.

Cqa. Dependence onother species to generate required habitat: Neutral

Theriver terrace and alpine cushion plant communities occupied by Astragalus microcystis are
maintained largely by natural abiotic processes. Feral mountain goats may contribute to habitat
disturbance in the Olympic Mountains.

C4b. Dietary versatility: Not applicable for plants

C4c. Pollinator versatility: Unknown.

The specific pollinators of Astragalus microcystis are poorly documented. Documented
pollinators of other Astragalus species in north-central Washington include bumblebees
(Bombus) and mason bees (Osmia) (Wilsonet al. 2010).
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C4d. Dependence onother species for propagule dispersal: Neutral.

The fruits of Astragalus microcystis are papery and bladdery for dispersal by wind or
potentially by water (Barneby 1964). The fruits dehisce when dry to release seeds passively by
gravity or wind. These seedslack wings, barbs, or hooks for secondary dispersal by wind or
animals. Average dispersal distances are probably relatively short.

Cge. Sensitivity to pathogens or natural enemies: Neutral.

Impacts from herbivory or pathogens appear to be low in eastern Washington. Populationsin
the Olympic Mountains could be affected by trampling by introduced mountain goats (Camp
and Gamon 2011).

Cyqf. Sensitivity to competition from native or non-native species: Somewhat Increase.
Disturbed river terrace and bank habitats in eastern Washington could be impacted by invasion
of non-native weed species competing for available space and nutrients. Trampling by
introduced mountain goats and associated erosionis a potential threat in the Olympic
Mountains (Camp and Gamon 2011).

C4g. Forms part of an interspecific interaction not covered above: Neutral.
Does not require an interspecific interaction.

Csa. Measured genetic variation: Unknown.
Not known.

Csb. Genetic bottlenecks: Unknown.
Not known. The disjunct populations from the Olympic Range might be expected to have lower
genetic diversity than those from eastern Washington due to founder effects or inbreeding.

Csc. Reproductive System: Neutral.

Many Astragalus species are capable of self-pollination, but most reproduce by outcrossing.
The reproductive biology of A. microcystis is poorly known, but is assumed to have neutral
impacts from climate change.

C6. Phenological response to changing seasonal and precipitation dynamics: Neutral.
Based on herbariumrecords in the Consortium of Pacific Northwest Herbaria website
(pnwherbaria.org), Astragalus microcystis has not significantly altered its typical blooming
time since the 1890s.

Section D: Documented or Modeled Response to Climate Change

D1. Documented response to recent climate change: Neutral.
No major changes have been detected in the distribution of Astragalus microcystisin
Washington since it was first discovered in the state in 1860.

D2. Modeled future (2050) change in population or range size: Unknown
D3. Overlap of modeled future (2050) range with current range: Unknown

D4. Occurrence of protected areas in modeled future (2050) distribution: Unknown
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Climate Change Vulnerability Index Report
Astragalus misellus var. pauper (Pauper milkvetch)

Date: 6 December 2021 Synonym: Astragalus howelliivar. pauper

Assessor: Walter Fertig, WA Natural Heritage Program

Geographic Area: Washington Heritage Rank: G5T3/S2

Index Result: Moderately Vulnerable Confidence: Very High

Climate Change Vulnerability Index Scores

Section A: Local Climate | Severity Scope (% of range)

1. Temperature Severity >6.0°F (3.3°C) warmer 0
5.6-6.0°F(3.2-3.3°C) warmer 0
5.0-5.5°F(2.8-3.1°C) warmer 0
4.5-5.0°F (2.5-2.7°C) warmer 0
3.9-4.4°F(2.2-2.4°C) warmer 100
<3.9°F (2.2°C)warmer 0

2. Hamon AET :PET moisture | < -0.119 0
-0.097t0-0.119 0
-0.0741t0-0.096 0
-0.051t0-0.073 17.6
-0.028t0-0.050 82.4
>-0.028 0]

Section B: Indirect Exposure to Climate Change Effect on Vulnerability

1. Sealevelrise Neutral

2a. Distributionrelative to natural barriers Neutral

2b. Distribution relative to anthropogenic barriers Somewhat Increase

3. Impacts from climate change mitigation Neutral

Section C: Sensitivity and Adaptive Capacity

1. Dispersal and movements Somewhat Increase

2ai Change in historical thermal niche Neutral

2aii. Change in physiological thermal niche Neutral

2bi. Changes in historical hydrological niche Increase

2bii. Changes in physiological hydrological niche Somewhat Increase

2c. Dependence on specific disturbance regime Somewhat Increase

2d. Dependence onice or snow-covered habitats Neutral

3. Restricted to uncommon landscape/geological features Neutral/Somewhat Increase

4a.Dependence on others species to generate required habitat Neutral

4b. Dietary versatility Not Applicable

4c. Pollinator versatility Unknown

4d. Dependence on other species for propagule dispersal Neutral

4e. Sensitivity to pathogens or natural enemies Neutral

4f. Sensitivity to competition from native or non-native species Somewhat Increase

4g. Forms part of an interspecific interaction not covered Neutral

above

5a. Measured genetic diversity Unknown
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5b. Genetic bottlenecks

Unknown

5c¢. Reproductive system

Neutral

6. Phenological response to changing seasonal and
precipitation dynamics

Neutral

Section D: Documented or Modeled Response

D1. Documented response to recent climate change

Neutral/Somewhat Increase

distribution

D2. Modeled future (2050) change in population or range size Unknown
D3. Overlap of modeled future (2050) range with current Unknown
range

D4. Occurrence of protected areas in modeled future (2050) Unknown

Section A: Exposure to Local Climate Change

A1.Temperature: All 17 of the extant and historical occurrences of Astragalus misellusvar.
pauper in Washington (100%) occur in areas with a projected temperature increase of 3.9-4.4°

F (Figure1).

Temperature Increase
degrees Fahrenheit
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Figure 1. Exposure of Astragalus misellus var. pauper occurrences in Washington to
projectedlocal temperature change. Base map layers from www.natureserve.org/ccvi
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A2.Hamon AET:PET Moisture Metric: Fourteen of the 17 occurrences (82.4 %) of Astragalus
misellus var. pauperin Washington are found in areas with a projected decrease in available
moisture (as measured by the ratio of actual to potential evapotranspiration) in the range of
-0.028t0-0.050 (Figure 2). Three other occurrences (17.6%) are from areas with projected
decrease of-0.0511t0-0.073.
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Figure 2. Exposure of Astragalus misellus var. pauper occurrences in Washington to
projected moisture availability (based onratio of actual to predicted evapotranspiration).
Base map layers from www.natureserve.org/ccvi
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Section B. Indirect Exposure to Climate Change

B1. Exposureto sealevel rise: Neutral.
Washington occurrences of Astragalus misellus var. pauperare found at 500-3280 feet (150-
1000 m) and would not be inundated by projected sealevelrise.

B2a. Natural barriers: Neutral.

Astragalus misellus var. pauperoccurs primarily on ridgetops and gentle upper slopesin big
sagebrush (Artemisia tridentata) or stiff sagebrush (A. rigida) communities with bluebunch
wheatgrass (Pseudoroegneria spicata) and Sandberg’s bluegrass (Poa secunda) (Camp and
Gamon 2011, Washington Natural Heritage Program 2021). This habitat is part of the
Intermountain Basin Big Sagebrush Steppe ecological system (Rocchioand Crawford 2015).
Populations may be isolated from each other by 1.4-54 miles (2-86 km). Extensive areas of
potential habitat are present along ridges on the west bank of the Columbia River, with
populations separated by canyons or valleys. The Columbia River may have historically
provided a conduit for dispersal downstream, but may also create a barrier to movement across
the river.

B2b. Anthropogenic barriers: Somewhat Increase.
The ridgetop habitat of Astragalus misellus var. pauperis embedded within an anthropogenic
landscape of agricultural development, which creates a barrier to dispersal.

B3. Predicted impacts of land use changes from climate change mitigation: Neutral.

Section C: Sensitive and Adaptive Capacity

C1. Dispersal and movements: Somewhat Increase.

Astragalus misellus var. pauper producesdry fruits (legumes) that dehisce at maturity along
two suturesto release seeds passively by gravity. Individual seeds are large and lack wings,
barbs, hooks, or other features to enhance their dispersal by wind or animals. Secondary
movement of seeds by insects or rodents may occur after seeds are shed, but total dispersal
distance is probably limited to lessthan 100 m. Occasionallongdistance dispersal by
floodwaters of the Columbia River may explain disjunct occurrences downstream of the core of
the speciesrange in Douglas and Kittitas counties.

C2ai. Historical thermal niche: Neutral.

Figure 3 depicts the distribution of Astragalus misellus var. pauper in Washingtonrelative to
mean seasonal temperature variation for the period from 1951-2006 (“historical thermal
niche”). All 17 of the known occurrencesinthe state (100%) are found in areas that have
experienced average (57.1-77°F/31.8-43.0° C) temperature variation during the past 50 years
and are considered at neutral vulnerability to climate change (Youngetal. 2016).

C2aii. Physiological thermal niche: Neutral.

The foothill big sagebrush steppe habitat of Astragalus misellus var. pauperis not associated
with cold air drainage in the growing season and would have neutral vulnerability to climate
change.

109



Lincoln

-
=i 4
L_Garfield]
1 — A

Mean Seasonal Temperature Variation
degrees Fahrenheit

I <:7 *  Astragalus misellus var. pauper
- 37-47 0 25 50 100 Miles
— e - e e——

I 57.1-77

o

Figure 3. Historical thermal niche (exposure to past temperature variations) of Astragalus
misellus var. pauperoccurrences in Washington. Base map layersfrom
www.natureserve.org/ccvi

C2bi. Historical hydrological niche: Increase.

Thirteen of the 17 populations of Astragalus misellus var. pauperin Washington (76.5%) are
foundin areasthat have experienced small (4-10 inches/100-254 mm) precipitation variationin
the past 50 years (Figure 4). Accordingto Youngetal. (2016), these occurrences are at
increased vulnerability from climate change. Four other occurrences (23.5%) are from areas
with slightly lower than average precipitation variation (11-20 inches/255-508 mm) during the
same period and are at slightly increased risk from climate change.
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Figure 4. Historical hydrological niche (exposure to past variations in precipitation) of
Astragalus misellus var. pauperoccurrences in Washington. Base map layersfrom
www.natureserve.org/ccvi

C2bii. Physiological hydrological niche: Somewhat Increase.

This species is primarily dependent on adequate precipitation to meet its moisture requirements
since its habitat is mostly not associated with springs, streams, or a high water table. Its
Intermountain Basins Big Sagebrush Steppe habitat is vulnerable to changes in the amount or
timing of precipitation. Coupled with projected increases intemperature, these habitats are
likely to have more severe drought and increased fire frequency in the future (Rocchio and
Ramm-Granberg2017).

C2c. Dependence on a specific disturbance regime: Somewhat Increase.

Astragalus misellus var. pauperoccurs in sagebrush grassland sites that burned sporadically
and patchily in the past. Increased drought and reduced summer precipitation are likely to
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increase the frequency and intensity of wildfire, which in turn could resultin a shiftin
vegetation towards invasive annuals or more fire-resilient grasslands (Rocchio and Ramm-
Granberg2017).

C2d. Dependence onice or snow-coverhabitats: Neutral.
Astragalus misellus var. pauperoccurs in dry foothills of the Columbia Plateau that receive low
amounts of winter snow.

C3. Restricted to uncommon landscape/geological features: Neutral/Somewhat Increase.

In Kittitas County, Astragalus misellus var. pauperis found primarily on Tertiary sedimentary
rocks of the Ellensburg Formation. Other populations near the Columbia River are associated
with various Miocene basalts (Saddle Mountain, Wanapum, and Grande Ronde basalts) or
Quaternary alluvium. The Ellensburg Formation has a restricted distribution in the foothills
betweenthe East Cascades and the Columbia River, but the other formations are widespread in
eastern Washington (Washington Division of Geology and Earth Resources 2016).

C4a. Dependence onother species to generate required habitat: Neutral.
Drought and fire are probably the primary drivers for generating the sagebrush steppe habitat of
this species.

Cab. Dietary versatility: Not applicable for plants

C4c. Pollinator versatility: Unknown.
The specific pollinators of Astragalus misellus var. pauper are not known, but other Astragalus
species are usually pollinated by bees.

C4d. Dependence onother species for propagule dispersal: Neutral.

The pod-like fruits of Astragalus misellus var. pauper split open at maturity to passively release
seeds. The seedslack structure to facilitate their movement by animals, though foraging species
may transport seed short distances to cache them.

C4e. Sensitivity to pathogens or natural enemies: Neutral.
Impacts from pathogens are not known. Most Astragalus species are toxic to grazing animals
and not readily used as forage.

Caf. Sensitivity to competition from native or non-native species: Somewhat Increase.

The sagebrush grassland habitat of Astragalus misellus var. pauper is likely to become drier and
more prone to wildfire under project climate change. Vegetation may shift towards dominance
by perennial grasses or invasive annuals and result in greater competition for space and
resources (Rocchio and Ramm-Granberg2017).

C4g. Forms part of an interspecific interaction not covered above: Neutral.
Does not require an interspecific interaction.

Csa. Measured genetic variation: Unknown.
No genetic data are available for Astragalus misellus var. pauper.

Csb. Genetic bottlenecks: Unknown.
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Csc. Reproductive System: Neutral.

Astragalus misellus var. pauper appears to be an outcrosser, rather than self-pollinated.
Presumably, genetic variationis average, though no research has been done to compare its
genetic variability with its close relative, A. howellii of Oregon. Both have been considered
varieties of the same species (A. howellit) based on morphological characters (Isely 1983).

C6. Phenological response to changing seasonal and precipitation dynamics: Neutral.

Based on herbarium records in the Consortium of Pacific Northwest Herbaria website
(pnwherbaria.org), Astragalus misellus var. pauper has not changed its typical blooming time
since the 1890s.

Section D: Documented or Modeled Response to Climate Change

D1. Documented response to recent climate change: Neutral/Somewhat Increase.

Populations of Astragalus misellus var. pauperfromthe vicinity of the Columbia River near the
confluence of the Snake River are all historical and have not been observed since 1950. These
occurrences may be extirpated due to habitat lossin the Tri-Cities area. Impacts from climate
change on the habitat suitability of these sites are not known.

D2. Modeled future (2050) change in population or range size: Unknown
D3. Overlap of modeled future (2050) range with current range: Unknown

D4. Occurrence of protected areas in modeled future (2050) distribution: Unknown
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Climate Change Vulnerability Index Report

Carex circinata (Coiled sedge)

Date: 17 March 2021

Assessor: Walter Fertig, WA Natural Heritage Program

Geographic Area: Washington Heritage Rank: G4/S1

Index Result: Moderately Vulnerable Confidence: Very High

Climate Change Vulnerability Index Scores

Section A: Local Climate | Severity Scope (% of range)
1. Temperature Severity >6.0°F (3.3°C) warmer 0
5.6-6.0°F(3.2-3.3°C) warmer 0
5.0-5.5°F(2.8-3.1°C) warmer 0
4.5-5.0°F (2.5-2.7°C) warmer 0
3.9-4.4° F(2.2-2.4°C) warmer 0
<3.9°F (2.2°C)warmer 100
2. Hamon AET :PET moisture | < -0.119 0
-0.09710-0.119 0
-0.074t0-0.096 100
-0.051t0-0.073 0
-0.028t0-0.050 0
>-0.028 0]
Section B: Indirect Exposure to Climate Change Effect on Vulnerability
1. Sealevelrise Neutral
2a. Distributionrelative to natural barriers Somewhat Increase
2b. Distribution relative to anthropogenic barriers Neutral
3. Impacts from climate change mitigation Neutral
Section C: Sensitivity and Adaptive Capacity
1. Dispersal and movements Somewhat Increase
2ai Change in historical thermal niche Greatly Increase
2aii. Change in physiological thermal niche Increase
2bi. Changes in historical hydrological niche Neutral
2bii. Changes in physiological hydrological niche Somewhat Increase
2c¢. Dependence on specific disturbance regime Neutral
2d. Dependence onice or snow-covered habitats Increase
3. Restricted to uncommon landscape/geological features Neutral
4a.Dependence on others species to generate required habitat | Neutral/Somewhat Increase
4b. Dietary versatility Not Applicable
4c. Pollinator versatility Neutral
4d. Dependence on other species for propagule dispersal Neutral
4e. Sensitivity to pathogens or natural enemies Neutral
4f. Sensitivity to competition from native or non-native species | Neutral/Somewhat Increase
4g. Forms part of an interspecific interaction not covered Neutral
above
5a. Measured genetic diversity Unknown
5b. Genetic bottlenecks Unknown
5c¢. Reproductive system Neutral
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6. Phenological response to changing seasonal and Neutral
precipitation dynamics

Section D: Documented or Modeled Response

D1. Documented response to recent climate change Neutral
D2. Modeled future (2050) change in population or range size Unknown
D3. Overlap of modeled future (2050) range with current Unknown
range

D4. Occurrence of protected areas in modeled future (2050) Unknown
distribution

Section A: Exposure to Local Climate Change

A1.Temperature: All four of the extant and historical occurrences of Carex circinatain
Washington occurinareas with a projected temperature increase of < 3.9° F (Figure 1). One
vague, historical report from Elmer (“Olympic Mountains, Clallam County”) has not been
included in this assessment.

Temperature Increase
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Figure 1. Exposure of Carex circinata occurrences in Washington to projectedlocal
temperature change. Base map layers from www.natureserve.org/ccvi
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A2.Hamon AET :PET Moisture Metric: All four of the occurrences (100%) of Carex circinata in
Washington are found in areas with a projected decrease in available moisture (as measured by
the ratio of actual to potential evapotranspiration) inthe range of -0.074to -0.096 (Figure 2).
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Figure 2. Exposure of Carex circinata occurrences in Washington to projected moisture
availability (based onratio of actual to predicted evapotranspiration). Base map layers from
www.natureserve.org/ccvi
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Section B. Indirect Exposure to Climate Change

B1. Exposureto sealevel rise: Neutral.
Washington occurrences of Carex circinata are found at 3120-4700 feet (950-1430 m) and
would not be inundated by projected sealevelrise.

B2a. Natural barriers: Somewhat Increase.

Carex circinata occurs on barren, north-facing basalt cliffs, talus slopes, and moist meadows
and streambanks on loamy, moss-rich soils surrounded by Alaskayellow cedar (Callitropsis
nootkatensis), mountain hemlock (Tsuga mertensiana) and western hemlock (7. heterophylla).
(Camp and Gamon 2011; Wilsonetal. 2014). Some of the meadow sites appear to be former
ponds that have become infilled by sediment through plant succession (WNHP records). The
habitats occupied by C. circinata are part of the North Pacific Montane Massive Bedrock, Cliff &
Talus and Temperate Pacific Subalpine-Montane Wet Meadow ecological sy stems (Rocchio and
Crawford 2015). Populations are separated by 8-15 miles (12.5-24 km). The distribution of
barren cliffs and open wet meadows is patchy within the matrix of montane to subalpine conifer
forestsin the southern Olympic Mountains. Forested areas provide abarrier to dispersal and
potential migration of this species.

B2b. Anthropogenic barriers: Neutral.

Most of the habitat of Carexcircinatain Washington is within Olympic National Park and the
Colonel Bob Wilderness Area of Olympic National Forest in areas with limited roads or other
human infrastructure to impede dispersal or migration.

B3. Predicted impacts of land use changes from climate change mitigation: Neutral.

Section C: Sensitive and Adaptive Capacity

C1. Dispersal and movements: Somewhat Increase.

Carex circinata produces dry, 1-seeded fruits that are lightweight and proportionally much
longer than wide (Wilson et al. 2018), making them aerodynamically suitable for limited wind
dispersal. Fruits might also be spread short distances by moving water and foraging animals.
Average dispersal distances are probably short (<1000 m).

C2ai. Historical thermal niche: Greatly Increase.

Figure 3 depicts the distribution of Carex circinatain Washingtonrelative to mean seasonal
temperature variation for the period from 1951-2006 (“historical thermal niche”). All four of the
known occurrencesinthe state (100%) are found in areas that have experienced very small
temperature variation (<37 °F/20.8°C) during the past 50 years and are considered at greatly
increased vulnerability to climate change (Younget al. 2016).

C2aii. Physiological thermal niche: Increase.

Most populations of Carex circinata in Washington are associated with wet meadows and
wetlands associated with cold air drainage and would be vulnerable to changes in habitat quality
and species composition associated with rising temperatures.
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Figure 3. Historical thermal niche (exposure to past temperature variations) of Carex
circinata occurrences in Washington. Base map layers from www.natureserve.org/ccvi

C2bi. Historical hydrological niche: Neutral.

All four of the known populations of Carex circinatain Washington (100%) are found in areas
that have experienced greater than average precipitation variationin the past 50years(>40
inches/1016 mm) (Figure 4). Accordingto Youngetal. (2016), these occurrences are neutral for
climate change.
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Figure 4. Historical hydrological niche (exposure to past variations in precipitation) of
Carex circinata occurrences in Washington. Base map layers from
www.natureserve.org/ccvi

C2bii. Physiological hydrological niche: Somewhat Increase.

Populations of Carex circinata from wet meadows are dependent on groundwater fed by
snowmelt and perennial streams. Decreases in the amount of snow and timing of its melting and
increases in summer temperatures and drought that could result in permanent lowering of
water tables and invasion by forest and dry meadow plant species (Rocchio and Ramm-
Granberg2017). Bedrock cliffoccurrences are found in areas without a high water table and are
more dependent on precipitation for moisture.

C2c. Dependence ona specific disturbance regime: Neutral.

The sparse vegetative cover in bedrock cliff populations of Carex circinata is maintained mostly
by natural processes, such asrock fall, short growing seasons (due to long lasting snow or cold
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temperatures) and poor soil development. Increased temperatures could make these sites more
hospitable for establishment of competing tree, shrub, or forb species (Rocchio and Ramm-
Granberg2017). Wet meadow populations are currently not susceptible to fire or other
disturbances, but could become more vulnerable if water tables are lowered due to decreased
snowpack or increased summer temperature or drought (Rocchioand Ramm-Granberg 2017).

C2d. Dependence onice or snow-coverhabitats: Increase.

The populations of Carex circinata in Washington are found on subalpine ridgecrests and wet
meadows in areas of extremely high snowfall. Reductionsinthe amount of snow and timing of
spring melt related to climate change could result in drier conditions in summer that would
lower the water table and favor invasion of forest or dry meadow species (Rocchio and Ramm-
Granberg2017).

C3. Restricted to uncommon landscape/geological features: Neutral.

One population of Carex circinata is found on outcrops of pillowed basalt lava and breccia of the
Crescent Formation, which occurs along the southern and eastern flank of the Olympic
Mountains. Other populations (all from meadowsites) occur on Miocene-Eocene age marine
sedimentary rocks that comprise the central core of the Olympics (Washington Division of
Geology and Earth Resources 2016). There formations are dispersed widely in the Olympic
Peninsula.

C4a. Dependence onother species to generate required habitat: Neutral/Somewhat Increase.
Rock outcrop sites are not dependent on other species to be maintained. Wet meadow sites may
be enhanced by browsing by ungulates or other herbivoresthat contain the encroachment of
woody vegetation.

Cgqb. Dietary versatility: Not applicable for plants

C4c. Pollinator versatility: Neutral.
Carex circinata, like other sedge species, is entirely wind pollinated, and thus not dependent on
animal pollinators.

C4d. Dependence onother species for propagule dispersal: Neutral.
Fruits are dispersed by gravity, water, or high winds. Occasionally dispersal may be abetted by
animal vectors transporting fruits embedded in mud.

C4e. Sensitivity to pathogens or natural enemies: Neutral.
Grazing or disease have not been identified as significant threats to this species.

Caf. Sensitivity to competition from native or non-native species: Neutral/Somewhat Increase.
Under present conditions, competition from non-native species is minor, as few introduced
plants are adapted to the barrenrock outcrop and subalpine wet meadow habitat of Carex
circinata. Reductionsinthe water table or increased summer drought and temperatures from
climate change could result in replacement of wet meadow species by forest or dry meadow
plants and increase competition for C. circinata (Rocchioand Ramm-Granberg 2017).

C4g. Forms part of an interspecific interaction not covered above: Neutral.
Does notrequire an interspecific interaction.
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Csa. Measured genetic variation: Unknown.

Genetic data are not available for Washington populations of Carex circinata. These
occurrences are at least 200 km from their closest neighborsin Vancouver Island and
southeastern British Columbia and are likely to be genetically distinct (and perhaps have lower
variability) due to genetic drift or founder effects.

Csb. Genetic bottlenecks: Unknown.
Not known.

Csc. Reproductive System: Neutral.

Carex circinata is a wind-pollinated, obligate outcrosser (flowers are unisexual, with staminate
flowers borne above the pistillate flowersin a single, spike-like inflorescence). The speciesasa
whole would be expected to have at least average genetic variability. Washington populations
are disjunct fromthose in southern British Columbia by at least 200 km and so probably have
lower genetic variability or diversity due to reproductive isolation, genetic drift, or founder
effects, but data are not available for confirmation.

C6. Phenological response to changing seasonal and precipitation dynamics: Neutral.
Based on herbarium records in the Consortium of Pacific Northwest Herbaria website
(pnwherbaria.org), Carex circinata has not changed its typical blooming time since the 1930s.

Section D: Documented or Modeled Response to Climate Change

D1. Documented response to recent climate change: Neutral.

Historically, the range of Carex circinata has been advancing northward following the retreat of
glacialice sheets, leaving behind scattered populations in the Olympic Range and mountainsin
British Columbia (Wilsonet al. 2018). One Washington population has not been relocated since
1937 and is considered historical. Whether the population hasbeenlost due to succession,
disturbance, or climate change is not known.

D2. Modeled future (2050) change in population or range size: Unknown
D3. Overlap of modeled future (2050) range with current range: Unknown

D4. Occurrence of protected areas in modeled future (2050) distribution: Unknown
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Climate Change Vulnerability Index Report

Carex heteroneura (Smooth-fruited sedge)

Date: 14 September 2021 Synonym: C. heteroneuravar. epapillosa

Assessor: Walter Fertig, WA Natural Heritage Program

Geographic Area: Washington Heritage Rank: G5/S2S3

Index Result: Highly Vulnerable Confidence: Very High

Climate Change Vulnerability Index Scores

Section A: Local Climate | Severity Scope (% of range)

1. Temperature Severity >6.0°F (3.3°C) warmer 0
5.6-6.0°F(3.2-3.3°C) warmer 0
5.0-5.5°F(2.8-3.1°C) warmer 0
4.5-5.0°F (2.5-2.7°C) warmer 0
3.9-4.4°F(2.2-2.4°C) warmer 100
<3.9°F (2.2°C)warmer 0

2. Hamon AET :PET moisture | < -0.119 0
-0.097t0-0.119 91.7
-0.074t0-0.096 8.3
-0.051t0-0.073 0
-0.028t0-0.050 0
>-0.028 0]

Section B: Indirect Exposure to Climate Change Effect on Vulnerability

1. Sealevelrise Neutral

2a. Distributionrelative to natural barriers Neutral

2b. Distribution relative to anthropogenic barriers Neutral

3. Impacts from climate change mitigation Neutral

Section C: Sensitivity and Adaptive Capacity

1. Dispersal and movements Somewhat Increase

2ai Change in historical thermal niche Somewhat Increase

2aii. Change in physiological thermal niche Increase

2bi. Changes in historical hydrological niche Neutral

2bii. Changes in physiological hydrological niche Increase

2c. Dependence on specific disturbance regime Neutral

2d. Dependence onice or snow-covered habitats Somewhat Increase

3. Restricted to uncommon landscape/geological features Somewhat Increase

4a.Dependence on others species to generate required habitat Neutral

4b. Dietary versatility Not Applicable

4c. Pollinator versatility Neutral

4d. Dependence on other species for propagule dispersal Neutral

4e. Sensitivity to pathogens or natural enemies Neutral

4f. Sensitivity to competition from native or non-native species Somewhat Increase

4g. Forms part of an interspecific interaction not covered Neutral

above

5a. Measured genetic diversity Somewhat Increase
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5b. Genetic bottlenecks

Unknown

5c¢. Reproductive system

Neutral

6. Phenological response to changing seasonal and
precipitation dynamics

Neutral

Section D: Documented or Modeled Response

D1. Documented response to recent climate change

Neutral/Somewhat Increase

distribution

D2. Modeled future (2050) change in population or range size Unknown
D3. Overlap of modeled future (2050) range with current Unknown
range

D4. Occurrence of protected areas in modeled future (2050) Unknown

Section A: Exposure to Local Climate Change

A1.Temperature: All 240f the occurrences of Carex heteroneurain Washington (100%) occur in
areas with a projected temperature increase of 3.9-4.4° F (Figure 1).

Temperature Increase
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Figure 1. Exposure of Carex heteroneura occurrencesin Washington to projected
local temperature change. Base map layers from www.natureserve.org/ccvi
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A2.Hamon AET :PET Moisture Metric: Twenty-two of the 24 occurrences (91.7%) of Carex
heteroneurain Washington are found in areas with a projected decrease in available moisture
(as measured by the ratio of actual to potential evapotranspiration) inthe range of -0.097 to
-0.119 (Figure 2). Two other populations (8.3%) are from areas with a projected decrease of
-0.0741t0-0.096.
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Figure 2. Exposure of Carex heteroneura occurrencesin Washingtonto projected moisture

availability (based onratio of actual to predicted evapotranspiration). Base map layers from
www.natureserve.org/ccvi
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Section B. Indirect Exposure to Climate Change

B1. Exposureto sealevel rise: Neutral.
Washington occurrences of Carex heteroneura are found at 5300-7900 feet (1615-2405m) and
would not be inundated by projected sealevelrise.

B2a. Natural barriers: Neutral.

Carex heteroneura occurs primarily in moist to mesic subalpine meadows and margins of
streams, lakes, and seeps. It may also be associated with steep, rocky talus slopes (Camp and
Gamon 2011; Washington Natural Heritage Program 2021). This habitat is part of the Rocky
Mountain Alpine-Montane Wet Meadow ecological system (Rocchio and Crawford 2015). Most
populations in the mountains of northern Washington are found within 0.6-18.5 miles (1-30
km) of each other, but a disjunct (and historical) occurrence in the Mount Adams areais
separated by 180 miles (288 km). Natural barriersinclude mountainridges and valleys, but are
probably aminor impediment to dispersal in northern Washington. The isolated Yakima
County populationis separated by unoccupied and unsuitable habitat.

B2b. Anthropogenic barriers: Neutral.

Much of the subalpine habitat of Carex heteroneurain Washingtonis found along drainagesin
wilderness areas or backcountry sites with relatively few anthropogenic features aside from
limited areas with trails, roads, and logging. Human-induced barriers are relatively minor.

B3. Predicted impacts of land use changes from climate change mitigation: Neutral.

Section C: Sensitive and Adaptive Capacity

C1. Dispersal and movements: Somewhat Increase.

Carex heteroneura produces 1-seeded dry fruits contained within winged sac-like perigynia that
are passively dispersed by gravity, water, or high winds, mostly within a short distance of the
parent plant (< 1000 m). Under rare circumstances, the perigynia are capable of longer-distance
dispersal, which may account for disjunct occurrences, such as at Mount Adams (Biek and
McDougall 2007).

C2ai. Historical thermal niche: Somewhat Increase.

Figure 3 depicts the distribution of Carex heteroneura in Washingtonrelative to mean seasonal
temperature variation for the period from 1951-2006 (“historical thermal niche”). Eighteen of
the 24 known occurrencesinthe state (75%) are found in areas that have experienced slightly
lower than average (47.1-57°F/26.3-31.8° C) temperature variation during the past 50 years and
are considered at somewhat increased vulnerability to climate change (Youngetal. 2016). The
six other occurrences (25%) are from areas that have had a small variation (37-47°F/20.8-
26.3°C)in temperature over the same period and are at increased vulnerability to climate
change.

C2aii. Physiological thermalniche:Increase.

The subalpine meadow, streamside, and talus habitat of Carex heteroneura occursin areas with
cold air drainage in the flowering season and is vulnerable to temperature increases from
climate change.
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Figure 3. Historical thermal niche (exposure to pasttemperature variations) of Carex
heteroneura occurrences in Washington. Base map layers from www.natureserve.org/ccvi

C2bi. Historical hydrological niche: Neutral.

All of the known populations of Carex heteroneura in Washington (100%) are found in areas
that have experienced average or greater than average precipitation variationin the past 50
years (>20 inches/508 mm) (Figure 4). Accordingto Youngetal. (2016), these occurrences are
neutral for climate change.
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Figure 4. Historical hydrological niche (exposure to past variations in precipitation) of
Carex heteroneura occurrences in Washington. Base map layersfrom
www.natureserve.org/ccvi

C2bii. Physiological hydrological niche: Increase.

Habitats occupied by Carex heteroneurainthe Rocky Mountain Alpine-Montane Wet Meadow
ecological system are highly vulnerable to changes in the amount of snowpack, timing of
snowmelt, changes in timing and amount of summer precipitation, increased summer
temperatures and drought, and reductionin stream flows or depth to groundwater from
projected climate change (Rocchio and Ramm-Granberg 2017).

C2c. Dependence ona specific disturbance regime: Neutral.

Carex heteroneura occurs in subalpine wet meadows, streamsides, and talus slopes that are
maintained primarily from groundwater discharge and snowmelt, rather than natural
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disturbances (Rocchio and Crawford 2015). Under projected climate change, these areas could
become drier and more fire-prone in the future (Rocchio and Ramm-Granberg2017).

C2d. Dependence onice or snow-coverhabitats: Somewhat Increase.

The populations of Carex heteroneura in Washington are found in subalpine wet meadows,
streamsides, and talus areas fed by groundwater or snowmelt. Reductionin the amount or
timing of snowmelt could alter the species composition in these communities, favoring plant
taxaadapted to drier conditions (Rocchioand Ramm-Granberg 2017).

C3. Restricted to uncommonlandscape/geological features: Somewhat Increase.

Carex heteroneuraisfound on a variety of geologic substrates, including the Tiffany Mountain
gneiss, Doe Mountain tonalite, marine sediments of the Hart’s Pass Formation, and other gneiss
and tonalite formations. Inthe Mount Adams area, it was historically found on andesite
(Washington Division of Geology and Earth Resources 2016). Many of these geologic types are
relatively uncommon in northern Washington.

C4a. Dependence onother species to generate required habitat: Neutral.
The subalpine wet meadow, streamside, and talus habitat occupied by Carex heteroneurais
maintained largely by natural abiotic conditions, although influenced by browsing and grazing.

Cab. Dietary versatility: Not applicable for plants

C4c. Pollinator versatility: Neutral.
Carex species are entirely wind pollinated.

C4d. Dependence onother species for propagule dispersal: Neutral.
Dispersal of fruits is predominantly passive by gravity or high winds. Secondary dispersal over
short distances may occur by insects or rodents.

Cge. Sensitivity to pathogens or natural enemies: Neutral.
Impacts from pathogens are not known. This species could be impacted by grazing, though
other graminoids are probably preferred forage.

Caf. Sensitivity to competition from native or non-native species: Somewhat Increase.

Under present conditions, competition from non-native species is minor, as few introduced
plants are adapted to the harsh environmental conditions of the subalpine zone. Under
projected climate change, competition could increase as wet meadows become drier and species
composition shifts (Rocchio and Ramm-Granberg 2017).

C4g. Forms part of an interspecific interaction not covered above: Neutral.
Does not require an interspecific interaction.

Csa. Measured genetic variation: Somewhat Increase.

No informationis available on genetic diversity of Washington occurrences. Wilsonetal.
(2008) suggest that the high degree oflocal variability in floral morphology (which has resulted
in a complicated taxonomichistory) may be aresult of the lack of gene flowbetween different
mountain ranges. Washington populations of Carex heteroneura are near the northern edge of
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the speciesrange and are somewhat isolated from those in British Columbia and Oregon, which
could result in reduced genetic variability due to inbreeding or founder effects.

Csb. Genetic bottlenecks: Unknown.

Csc. Reproductive System: Neutral.

Asa wind-pollinated, obligate out-crosser, Carex heteroneura would be expected to have
reasonably high genetic variability. Washington populations are found near the edge of its
global range, so are likely to possesslower levels of genetic diversity due to inbreeding or
founder effects.

C6. Phenological response to changing seasonal and precipitation dynamics: Neutral.
Based on herbariumrecords in the Consortium of Pacific Northwest Herbaria website
(pnwherbaria.org), Carex heteroneura has not changed its typical blooming time.

Section D: Documented or Modeled Response to Climate Change

D1. Documented response to recent climate change: Neutral/Somewhat Increase.

The disjunct occurrence in the Mount Adams area has not beenrelocated since 1906 and may be
extirpated. Asaconsequence,the extent of this species’range in Washington has contracted.
Whether thisis due to habitat loss, over-grazing, or climate change is not known.

D2. Modeled future (2050) change in population or range size: Unknown

D3. Overlap of modeled future (2050) range with current range: Unknown

D4. Occurrence of protected areas in modeled future (2050) distribution: Unknown
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Climate Change Vulnerability Index Report
Carex pauciflora (Few-flowered sedge)

Date: 18 March 2021
Assessor: Walter Fertig, WA Natural Heritage Program
Geographic Area: Washington

Index Result: Highly Vulnerable

Climate Change Vulnerability Index Scores

Heritage Rank: G5/S2

Confidence: Very High

Section A: Local Climate | Severity Scope (% of range)

1. Temperature Severity >6.0°F (3.3°C) warmer 0
5.6-6.0°F(3.2-3.3°C) warmer 0
5.0-5.5°F(2.8-3.1°C) warmer 0
4.5-5.0°F (2.5-2.7°C) warmer 0
3.9-4.4°F(2.2-2.4°C) warmer 25
<3.9°F (2.2°C)warmer 75

2. Hamon AET :PET moisture | < -0.119 0
-0.097t0-0.119 0
-0.0741t0-0.096 100
-0.051t0-0.073 0
-0.028t0-0.050 0
>-0.028 0]

Section B: Indirect Exposure to Climate Change Effect on Vulnerability

1. Sealevelrise Neutral

2a. Distributionrelative to natural barriers Somewhat Increase

2b. Distribution relative to anthropogenic barriers Neutral

3. Impacts from climate change mitigation Neutral

Section C: Sensitivity and Adaptive Capacity

1. Dispersal and movements Somewhat

Increase/Increase

2ai Change in historical thermal niche Increase

2aii. Change in physiological thermal niche Somewhat Increase

2bi. Changes in historical hydrological niche Neutral

2bii. Changes in physiological hydrological niche Increase

2c. Dependence on specific disturbance regime Neutral

2d. Dependence onice or snow-covered habitats Somewhat Increase

3. Restricted to uncommon landscape/geological features Neutral

4a.Dependence on others species to generate required habitat | Neutral/Somewhat Increase

4b. Dietary versatility Not Applicable

4c. Pollinator versatility Neutral

4d. Dependence on other species for propagule dispersal Neutral/Somewhat Increase

4e. Sensitivity to pathogens or natural enemies Neutral

4f. Sensitivity to competition from native or non-native species | Neutral/Somewhat Increase

4g. Forms part of an interspecific interaction not covered Neutral

above
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5a. Measured genetic diversity Unknown

5b. Genetic bottlenecks Unknown
5c¢. Reproductive sy stem Neutral
6. Phenological response to changing seasonal and Neutral

precipitation dynamics

Section D: Documented or Modeled Response

D1. Documented response to recent climate change Neutral
D2. Modeled future (2050) change in population or range size Unknown
D3. Overlap of modeled future (2050) range with current Unknown
range

D4. Occurrence of protected areas in modeled future (2050) Unknown
distribution

Section A: Exposure to Local Climate Change

A1.Temperature: Fifteen of the 20 extant and historical occurrences of Carex pauciflorain
Washington (75%) occur in areas with a projected temperature increase of <3.9° F (Figure 1).

Temperature Increase
degrees Fahrenheit
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Figure 1. Exposure of Carex pauciflora occurrences in Washington to projected local
temperature change. Base map layers from www.natureserve.org/ccvi
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Five other populations (25%) are from areas with projected temperature increases of 3.9-4.4° F.

A2.Hamon AET:PET Moisture Metric: All 20 of the occurrences of Carex pauciflorain
Washington (100%) are found in areas with a projected decrease in available moisture (as
measured by the ratio of actual to potential evapotranspiration) in the range of -0.074 t0-0.096
(Figure 2).
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Figure 2. Exposure of Carex pauciflora occurrences in Washington to projected moisture
availability (based onratio of actual to predicted evapotranspiration). Base map layers from
www.natureserve.org/ccvi
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Section B. Indirect Exposure to Climate Change

B1. Exposureto sealevel rise: Neutral.
Washington occurrences of Carex pauciflora are found at 250-4 550 feet (75-1390 m) and would
not beinundated by projected sealevelrise.

B2a. Natural barriers: Somewhat Increase.

Carex pauciflora occurs primarily on moss mats in sphagnum bogs and peatlands on islands,
lakeshores, and benches embedded within western hemlock (T'suga heterophylla),lodgepole
pine (Pinus contorta), alpine laurel (Kalmia microphylla) and bog Labrador tea
(Rhododendron groenlandicum) communities (Camp and Gamon 2011; Wilsonet al. 2018).
This habitat is part of the North Pacific Bogand Fen ecological system (Rocchio and Crawford
2015). Populations are separated from each other by 0.5-44 miles (1.2-69 km). These peatland
habitats are naturally small and isolated within a matrix of unsuitable forest, agricultural, and
urban/rurallands that create abarrier to migration and dispersal.

B2b. Anthropogenic barriers: Neutral.

Populations of Carex pauciflorain Washington are primarily found in high elevation areas of
the Olympic and northern Cascade mountains (at least 7 populations are in designated protected
areas). Some populations may be near roads or timber harvesting areas, but otherwise are less
impacted by human infrastructure than most lowland plant species. The patchy and specific
hydrologic requirements of its natural habitat is a more significant barrier to dispersal or
migration than human impacts.

B3. Predicted impacts of land use changes from climate change mitigation: Neutral.

Section C: Sensitive and Adaptive Capacity

C1. Dispersal and movements: Somewhat Increase/Increase.

Carex pauciflora produces 2-6 one-seeded dry fruits per inflorescence. At maturity, the dagger-
shaped perigynia (abladdery sac enclosing the achene fruit) are deflexed downward due to
overgrowth of spongy cells at the base of each perigynium and the sterile scale that normally
subtends the perigyniumis shed. A passing animal that brushes the fruiting spike causes the
perigynium to spring upwards, compressing the spongy tissue and forcibly discharging the
perigynium 1-2 feet (Hutton 1976; Wilson et al. 2018). Once dehisced, the perigynium and
achene may be secondarily transported by wind, water, or animals, although the total distance
dispersedis probably lessthan100m.

C2ai. Historical thermal niche:Increase.

Figure 3 depicts the distribution of Carex pauciflorain Washington relative to mean seasonal
temperature variation for the period from 1951-2006 (“historical thermal niche”). Fifteen of the
20 known occurrencesin the state (75%) are found in areas that have experienced small
temperature variation (37-47°F/20.8-26.3°C) during the past 50 years and are considered at
increased vulnerability to climate change (Younget al. 2016). The other five occurrences (25%)
have experienced slightly lower than average (47.1-57°F/26.3-31.8°C) temperature variation
over the same period and are at somewhat increased vulnerability to climate change.
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Figure 3. Historical thermal niche (exposure to past temperature variations) of Carex
pauciflora occurrences in Washington. Base map layers from www.natureserve.org/ccvi

C2aii. Physiological thermal niche: Somewhat Increase.

Thebogand peatland habitat of Carex pauciflorais often associated with cold air drainage sites

in montane settings and are cooler than the surrounding matrix vegetation.

C2bi. Historical hydrological niche: Neutral.

Sixteen of the 20 populations of Carex pauciflorain Washington (80%) are found in areas that

have experienced greater than average precipitation variationin the past 50 years (>40
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inches/1016 mm) (Figure 4). The other four populations (20%) are from areas with average
precipitation variation (20-40 inches/508-1016 mm). Accordingto Youngetal. (2016), all of
the Washington occurrences are neutral for climate change.

Mean Annual Precipitation Variation

<VALUE> e  Carex pauciflora

D 4-10 0 25 50 100 Miles
T 1120 O Eaaa——
B 21 - 40

— B

Figure 4. Historical hydrological niche (exposure to past variations in precipitation) of
Carex pauciflora occurrences in Washington. Base map layers from
www.natureserve.org/ccvi

C2bii. Physiological hydrological niche: Increase.

The peatland habitat of Carex pauciflorais dependent on adequate year-round moisture
(particularly from groundwater). Changes in the amount of precipitation, shifts from snowto
rain, decreased snowpack, or changes in timing of snowmelt could resultin a drop in water table
depththat in turnwould facilitate the transition frombogto wet meadow vegetation (Rocchio
and Ramm-Granberg2017).
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C2c. Dependence ona specific disturbance regime: Neutral.
Carex pauciflorais not dependent on disturbance to maintain its peatland habitat.

C2d. Dependence onice or snow-coverhabitats: Somewhat Increase.

The populations of Carex pauciflorain Washington are found in areas of the Olympic and
northern Cascade mountains with very high snowfall. Melting snowis a significant contributor
to ground water that sustains many peatlands. Warming temperatures could resultin a shift
from snow to more winter rainfall in western Washington. A reductioninoverall snowpack
couldresultin less water being available in summer and a lowering of the water table. In turn,
drier conditions could promote increased decay of peat or shifts in the dominance of plant
speciesto those adapted to wet meadows (Rocchio and Ramm-Granberg2017).

C3. Restricted to uncommon landscape/geological features: Neutral.

Carex paucifloraisfound primarily on peat soils over Quaternary alluvium and Pleistocene
glacial drift. Some populationsin the Cascade Range occur on granodiorite outcrops of the
Snoqualmie batholith or Barlow Pass volcanics. Most of these geologic types are widespread in
the Cascade and Olympic ranges of northwestern Washington (Washington Division of Geology
and Earth Resources 2016).

Cga. Dependence onother species to generate required habitat: Neutral/Somewhat Increase.
One Carex pauciflora population in Skagit County appears to have been maintained in part by
past beaver (Castor canadensis) activity (WNHP records). Whether beaverdams are
maintaining high water tables at other peatland occurrences of C. pauciflorahasnot been
documented.

C4b. Dietary versatility: Not applicable for plants

C4c. Pollinator versatility: Neutral.
Carex pauciflorais entirely wind pollinated and not dependent on animals for pollination.

C4d. Dependence onother species for propagule dispersal: Neutral/ Somewhat Increase.
Perigynia of Carex pauciflora are ejected from the fruiting heads by being disturbed by passing
animals and may be secondarily transported on muddy fur or feet. Otherwise, dispersalis
primarily passive (gravity, wind, and flowing water).

C4e. Sensitivity to pathogens or natural enemies: Neutral.
Impacts from pathogens are not known. Grazing is not considered a significant threat to this
species (Wilsonet al. 2018).

Caf. Sensitivity to competition from native or non-native species: Neutral/Somewhat Increase.
Under present conditions, competition from non-native species is minor, as few introduced
plants are adapted to acidic bogenvironments. Potential shiftsinvegetation from peatland to
wet meadowthat could result from persistently lowered water tables from climate change would
increase competition from plant species adapted to drier conditions (Rocchio and Ramm-
Granberg2017).

C4g. Forms part of an interspecific interaction not covered above: Neutral.
Does notrequire an interspecific interaction.
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Csa. Measured genetic variation: Unknown.

No data are available on genetic variability in Carex pauciflora populations in Washington.
Populationsinthe state are at the southern edge of the species’range, and so might have lower
genetic diversity due to genetic drift or founder effects.

Csb. Genetic bottlenecks: Unknown.
Not known.

Csc. Reproductive System: Neutral.
Carex pauciflorais a wind-pollinated, obligate outcrosser and would be expected to have at least
average genetic variability.

C6. Phenological response to changing seasonal and precipitation dynamics: Neutral.
Based on herbarium records in the Consortium of Pacific Northwest Herbaria website
(pnwherbaria.org), Carex pauciflora has not changed its typical blooming time since the 1890s.

Section D: Documented or Modeled Response to Climate Change

D1. Documented response to recent climate change: Neutral.

No major changes have been detected in the distribution of Carex pauciflorain Washingtonin
the last century. Wilson et al. (2018) state that some populationsin Washington seem to be
declining. Abundance data from WNHP records suggest most populations are locally abundant
(oftenbeing a community dominant) and relatively stable, although two populations may be
historical or extirpated. Whether these occurrences have disappeared due to habitatloss or
climate change is not known.

D2. Modeled future (2050) change in population or range size: Unknown
D3. Overlap of modeled future (2050) range with current range: Unknown

D4. Occurrence of protected areas in modeled future (2050) distribution: Unknown
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Climate Change Vulnerability Index Report
Carex vallicola (Valley sedge)

Date: 10 September 2021

Assessor: Walter Fertig, WA Natural Heritage Program

Geographic Area: Washington
Index Result: Highly Vulnerable

Heritage Rank: G5/S2

Climate Change Vulnerability Index Scores

Confidence: Very High

Section A: Local Climate

Severity

Scope (% of range)

1. Temperature Severity

>6.0°F (3.3°C) warmer

5.6-6.0°F(3.2-3.3°C) warmer

5.0-5.5°F(2.8-3.1°C) warmer

4.5-5.0°F (2.5-2.7°C) warmer

3.9-4.4°F(2.2-2.4°C) warmer

<3.9°F (2.2°C)warmer

2. Hamon AET :PET moisture

<-0.119

-0.097t0-0.119

N —
N |o|o|Q|o|o|o|o
10's) o

-0.074t0-0.096 61.1
-0.051t0-0.073 11.1
-0.028t0-0.050 0
>-0.028 0]
Section B: Indirect Exposure to Climate Change Effect on Vulnerability
1. Sealevelrise Neutral
2a. Distributionrelative to natural barriers Neutral
2b. Distribution relative to anthropogenic barriers Somewhat Increase
3. Impacts from climate change mitigation Neutral
Section C: Sensitivity and Adaptive Capacity
1. Dispersal and movements Somewhat Increase
2ai Change in historical thermal niche Neutral
2aii. Change in physiological thermal niche Somewhat Increase
2bi. Changes in historical hydrological niche Somewhat Increase
2bii. Changes in physiological hydrological niche Somewhat Increase
2c. Dependence on specific disturbance regime Increase
2d. Dependence onice or snow-covered habitats Somewhat Increase
3. Restricted to uncommon landscape/geological features Neutral
4a.Dependence on others species to generate required habitat Neutral
4b. Dietary versatility Not Applicable
4c. Pollinator versatility Neutral
4d. Dependence on other species for propagule dispersal Neutral
4e. Sensitivity to pathogens or natural enemies Somewhat Increase
4f. Sensitivity to competition from native or non-native species Somewhat Increase
4g. Forms part of an interspecific interaction not covered Neutral
above
5a. Measured genetic diversity Unknown
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5b. Genetic bottlenecks Unknown

5c¢. Reproductive system Neutral

6. Phenological response to changing seasonal and Neutral
precipitation dynamics

Section D: Documented or Modeled Response

D1. Documented response to recent climate change Neutral
D2. Modeled future (2050) change in population or range size Unknown
D3. Overlap of modeled future (2050) range with current Unknown
range

D4. Occurrence of protected areas in modeled future (2050) Unknown
distribution

Section A: Exposure to Local Climate Change

A1.Temperature: All 18 of the known occurrences of Carexvallicola in Washington (100%)
occurinareas with a projected temperature increase of 3.9-4.4° F (Figure 1).

Temperature Increase
degrees Fahrenheit
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Figure 1. Exposure of Carexvallicola occurrences in Washington to projected local
temperature change. Base map layers from www.natureserve.org/ccvi
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A2.Hamon AET :PET Moisture Metric: Eleven of the 18 occurrences (61.1%) of Carexvallicola
in Washington are found in areas with a projected decrease in available moisture (as measured
by the ratio of actual to potential evapotranspiration) in the range of -0.074 to -0.096 (Figure
2). Another five populations are from areas with a projected decrease of -0.097t0-0.119
(27.8%). Two other occurrences have a projected decreaseof -0.051t0 -0.073 (11.1%) (Figure 2).
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Figure 2. Exposure of Carexvallicola occurrences in Washington to projected moisture
availability (based onratio of actual to predicted evapotranspiration). Base map layers from
www.natureserve.org/ccvi
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Section B. Indirect Exposure to Climate Change

B1. Exposureto sealevel rise: Neutral.
Washington occurrences of Carexvallicola are found at 2000-6800 feet (610-2075 m) and
would not be inundated by projected sea levelrise.

B2a. Natural barriers: Neutral.

Carex vallicola occurs primarily in dry thickets, open forests of Douglas-fir (Pseudotsuga
menziesii) and ponderosa pine (Pinus ponderosa), or sagebrush meadows. Althoughitoften
occurs inmoist microsites, itis an upland, rather than a wetland sedge species (Camp and
Gamon 2011; Washington Natural Heritage Program 2021; Wilsonet al. 2008). This habitat is
part of the Inter-Mountain Basin Sagebrush Steppe and Northern Rocky Mountain Subalpine -
Upper Montane Grassland ecological systems (Rocchioand Crawford 2015). Most populations
in Washington occur within 0.8-8 miles (1.3-14 km) of each other in the Okanogan Plateau, but
one disjunct occurrence from Grant County is 57.5 miles (92 km) away. Populationsare
separated by ridges or valleys that offer small barriers to dispersal. The one disjunct siteis
isolated by extensive areas of unsuitable habitat.

B2b. Anthropogenic barriers: Somewhat Increase.

The lowelevation sagebrush meadowand open conifer forest habitat of Carexvallicolain
northern Washingtonis intersected by roads, farmland, logged areas, and other examples of
human infrastructure that create a barrier to dispersal.

B3. Predicted impacts of land use changes from climate change mitigation: Neutral.

Section C: Sensitive and Adaptive Capacity

C1. Dispersal and movements: Somewhat Increase.

Carex vallicola produces 1-seeded dry fruits contained within winged sac-like perigynia. These
are passively dispersed by gravity, water, or high winds, mostly within a short distance of the
parent plant (< 1000 m). Under rare circumstances, the perigynia are capable of longer-distance
dispersal.

C2ai. Historical thermal niche: Neutral.

Figure 3 depicts the distribution of Carex vallicola in Washingtonrelative to mean seasonal
temperature variation for the period from 1951-2006 (“historical thermal niche”). Thirteen of
the 18 known occurrences in the state (72.2%) are found in areas that have experienced average
(57.1-77°F/31.8-43.0 °C) temperature variations during the past 50 years and are considered at
neutral vulnerability to climate change (Youngetal. 2016). The 5 other populations (27.8%)
have experienced slightly lower than average (47.1-57°F/26.3-31.8°C) variation in temperature
over the same period and are at somewhat increased vulnerability to climate change.

C2aii. Physiological thermal niche: Somewhat Increase.

The dry meadow, conifer forest, and sagebrush habitats of Carex vallicola are ofteninvalleys
that would have colder air drainage than surrounding slopes or exposed areas.

145



7 i Lincoln

e Jr
N Franklin e Carf.exd‘ l
i | P

|
|
|
l‘ Benton
|

=t
i
L—’/\/_,._.-
S i

el

Klickitat

e

Mean Seasonal Temperature Variation
degrees Fahrenheit

- <37 ¢  Carex vallicola

B ;747 0 % 5 100 Miles
B 27157 O Eaaa——

[ 57477

[ I>77

Figure 3. Historical thermal niche (exposure to past temperature variations) of Carex
vallicola occurrences in Washington. Base map layers from www.natureserve.org/ccvi

C2bi. Historical hydrological niche: Somewhat Increase.

Ten of the 18 populations of Carexvallicolain Washington (55.6%) are found in areas that have
experienced slightly lower than average precipitation variation in the past 50 years (11-20
inches/255-508 mm) (Figure 4). Accordingto Youngetal. (2016), these occurrences are at
somewhat increased vulnerability to climate change. Eight other occurrences (44.4%) are from
areas with average precipitationvariation (21-40 inches/508-1016 mm) in the same period and
are at neutral risk from climate change.
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Figure 4. Historical hydrological niche (exposure to past variations in precipitation) of
Carex vallicola occurrences in Washington. Base map layers from
www.natureserve.org/ccvi

C2bii. Physiological hydrological niche: Somewhat Increase.

The dry meadow, lower montane conifer forest, and sagebrush grassland habitats of Carex
vallicola are usually not associated with perennial water sources or a high water table and so are
sensitive to reductions in snowpack or precipitation. Higher temperatures and drought make
these habitats more vulnerable to wildfire (Rocchioand Ramm-Granberg2017).

C2c. Dependence ona specific disturbance regime: Increase.

The dry meadow habitats of Carex vallicola may be maintained by periodic low-intensity fire.
Under climate change, this community and other sagebrush and lower montane conifer
woodland habitatsused by this species are likely to experience more frequent or higher intensity
wildfires that could result in shifts in species composition towards herbaceous or weedy annual
species (Rocchio and Crawford 2015, Rocchio and Ramm-Granberg 2017). Fire suppression, by
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contrast, could increase the density of woody vegetation, making these sites more vulnerable to
catastrophic wildfire.

C2d. Dependence onice or snow-coverhabitats: Somewhat Increase.

The populations of Carexvallicolain Washington are found mostly in lower montane meadows,
sagebrush steppe, and conifer forests with moderate snowfall. Changesin the amount of snow
orin the timing of melt due to climate change are likely to make these habitats drier and more
susceptible to fire or displacement by non-native species (Rocchio and Ramm-Granberg 2017).

C3. Restricted to uncommonlandscape/geological features: Neutral.

In the Okanoganregion, Carex vallicolais found primarily on outcrops of heterogeneous
metamorphic and igneous rocks of the Tiffany and Conconully complexes or felsic intrusives of
the Cathedral Batholith. These formations are relatively widespread in western Okanogan
County. Thedisjunct Grant County occurrence is onthe widespread Grande Ronde Basalt
(Washington Division of Geology and Earth Resources 2016).

C4a. Dependence onother species to generate required habitat: Neutral.

The dry meadow, sagebrush, and open conifer woodland habitats occupied by Carexvallicola
are partly maintained by grazing (Rocchio and Crawford 2015), but are mostly the product of
natural abiotic conditions or disturbance history.

C4qb. Dietary versatility: Not applicable for plants

C4c. Pollinator versatility: Neutral.
Carex species are entirely wind pollinated.

C4d. Dependence onother species for propagule dispersal: Neutral.
Dispersal of fruits is predominantly passive by gravity or high winds. Secondary dispersal over
short distances may occur by insects or rodents.

C4e. Sensitivity to pathogens or natural enemies: Somewhat Increase.
Carex vallicolais palatable to livestock and native grazers and decreases when heavily utilized
(Wilsonet al. 2008).

Cyf. Sensitivity to competition from native or non-native species: Somewhat Increase.
Habitats occupied by Carexvallicola are already vulnerable to invasion by non-native species
following disturbance. These areas are likely to be even more vulnerable to competition from
weedy speciesif fire frequency or intensity increases with climate change (Rocchio and Ramm-
Granberg2017). Loss of sagebrush or conifer cover following wildfire, or drought-induced
mortality in meadows, could lead to increased competition with other plant species better
adapted to drier conditions.

C4g. Forms part of an interspecific interaction not covered above: Neutral.
Does not require an interspecific interaction.

Csa. Measured genetic variation: Unknown.
Genetic data are not available from Washington populations.
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Csb. Genetic bottlenecks: Unknown.
Not known.

Csc. Reproductive System: Neutral.

Carex vallicolais a wind-pollinated, obligate out-crosser to be an obligate outcrosser.
Washington populations are near the northern edge of the species’range and are somewhat
disjunct from occurrences in northern British Columbia, eastern Oregon and southernIdaho,
and so might be expected to have lower genetic diversity due to founder effects or inbreeding.

C6. Phenological response to changing seasonal and precipitation dy namics: Neutral.
Based on herbariumrecordsin the Consortium of Pacific Northwest Herbaria website
(pnwherbaria.org), Carexvallicola has not changed its typical blooming time.

Section D: Documented or Modeled Response to Climate Change

D1. Documented response to recent climate change: Neutral.
No major changes have been detected in the distribution of Carexvallicola in Washington since
it was first discovered in the state in the 1930s.

D2. Modeled future (2050) change in population or range size: Unknown
D3. Overlap of modeled future (2050) range with current range: Unknown

D4. Occurrence of protected areas in modeled future (2050) distribution: Unknown
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Climate Change Vulnerability Index Report
Castilleja cryptantha (Obscure paintbrush)

Date: 27 September 2021

Assessor: Walter Fertig, WA Natural Heritage Program

Geographic Area: Washington Heritage Rank: G2G3/S2S3

Index Result: Highly Vulnerable Confidence: Very High

Climate Change Vulnerability Index Scores

Section A: Local Climate | Severity Scope (% of range)

1. Temperature Severity >6.0°F (3.3°C) warmer 0
5.6-6.0°F(3.2-3.3°C) warmer 0
5.0-5.5°F(2.8-3.1°C) warmer 0
4.5-5.0°F (2.5-2.7°C) warmer 0
3.9-4.4°F(2.2-2.4°C) warmer 100
<3.9°F (2.2°C)warmer 0

2. Hamon AET :PET moisture | < -0.119 0
-0.097t0-0.119 0
-0.0741t0-0.096 100
-0.051t0-0.073 0
-0.028t0-0.050 0
>-0.028 0]

Section B: Indirect Exposure to Climate Change Effect on Vulnerability

1. Sealevelrise Neutral

2a. Distributionrelative to natural barriers Somewhat Increase

2b. Distributionrelative to anthropogenic barriers Neutral

3. Impacts from climate change mitigation Neutral

Section C: Sensitivity and Adaptive Capacity

1. Dispersal and movements Increase

2ai Change in historical thermal niche Increase

2aii. Change in physiological thermal niche Greatly Increase

2bi. Changes in historical hydrological niche Neutral

2bii. Changes in physiological hydrological niche Somewhat Increase

2c. Dependence on specific disturbance regime Neutral/Somewhat Increase

2d. Dependence onice or snow-covered habitats Somewhat Increase

3. Restricted to uncommon landscape/geological features Increase

4a.Dependence on others species to generate required habitat Neutral

4b. Dietary versatility Not Applicable

4c. Pollinator versatility Neutral

4d. Dependence on other species for propagule dispersal Neutral

4e. Sensitivity to pathogens or natural enemies Neutral

4f. Sensitivity to competition from native or non-native species Neutral

4g. Forms part of an interspecific interaction not covered Neutral

above

5a. Measured genetic diversity Unknown
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5b. Genetic bottlenecks

Unknown

distribution

5c¢. Reproductive system Increase

6. Phenological response to changing seasonal and Somewhat Increase
precipitation dynamics

Section D: Documented or Modeled Response

D1. Documented response to recent climate change Neutral

D2. Modeled future (2050) change in population or range size Unknown

D3. Overlap of modeled future (2050) range with current Unknown
range

D4. Occurrence of protected areasin modeled future (2050) Unknown

Section A: Exposure to Local Climate Change

A1.Temperature: All 22 of the occurrences of Castilleja cryptantha in Washington (100%) are
from areas with a projected temperature increase of 3.9-4.4° F (Figure 1).

Temperature Increase
degrees Fahrenheit
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Figure 1. Exposure of Castilleja cryptantha occurrences in Washington to projected
local temperature change. Base map layers from www.natureserve.org/ccvi
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A2.Hamon AET:PET Moisture Metric: The 22 occurrences of Castilleja cryptanthain
Washington (100%) are found in areas with a projected decrease in available moisture (as
measured by the ratio of actual to potential evapotranspiration) in the range of -0.074 to -0.096
(Figure 2).
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Figure 2. Exposure of Castilleja cryptantha occurrences in Washington to projected
moisture availability (based onratio of actual to predicted evapotranspiration). Base map
layers from www.natureserve.org/ccvi
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Section B. Indirect Exposure to Climate Change

B1. Exposureto sealevel rise: Neutral.
Washington occurrences of Castilleja cryptantha are found at 4 860-6760 feet (1480-2060 m)
and would not be inundated by projected sealevelrise.

B2a. Natural barriers: Somewhat Increase.

Castilleja cryptantha occurs in grassy subalpine meadowflats and the edges of small alpine
lakes and stream channels with poorly developed soils and dense cover of low shrubs and sedges
(Camp and Gamon 2011, Egger et al. 2019). This habitat is part of the Northern Rocky
Mountain Subalpine-Upper Montane Grassland ecological system (Rocchio and Crawford 2015).
Populations are separated by 0.5-4.6 miles (0.6-7.4 km) of unoccupied valley habitat, which
provides abarrier to propagule dispersal.

B2b. Anthropogenic barriers: Neutral.

The range of Castilleja cryptantha in Mount Rainier National Park is partially bisected by paved
roadsthat are mostly located in unoccupied or unsuitable habitat. Most of the habitat of this
speciesis not impacted directly by humaninfrastructure.

B3. Predicted impacts of land use changes from climate change mitigation: Neutral.

Section C: Sensitive and Adaptive Capacity

C1. Dispersal and movements: Increase.

Castilleja cryptantha produces numerous, small seeds within a dry capsule fruit that splits open
at maturity. Seedsare passively dispersed by gravity, high winds, or secondarily by foraging
animals. The seedslack hooks, barbs, wings, or feathery structures to aid with dispersal.
Average dispersal distances are probably short (less than 100 m).

C2ai. Historical thermal niche: Increase.

Figure 3 depicts the distribution of Castilleja cryptantha in Washington relative to mean
seasonal temperature variation for the period from 1951-2006 (“historical thermal niche”).
Nineteen of the 22 known occurrencesin the state (86.4%) are found in areasthat have
experienced small (37-47°F/20.8-26.3°C) temperature variation during the past 50 years and
are considered at increased vulnerability to climate change (Younget al. 2016). Two occurrences
on the east side of the Cascades crest are from areas with slightly lower than average (47.1-
57°F/26.3-31.8°C) temperature variation during the same period and are considered at
somewhat increased vulnerability. One population on the slopes of Mount Rainier is from an
area with very small temperature variation (<37°F/20.8°C) over the last 50 years and is
considered at greatly increased risk from climate change (Youngetal. 2016).

C2aii. Physiological thermal niche: Greatly Increase.

The subalpine meadow and streamside habitat of Castilleja cryptanthais entirely withina cold
climate zone during the flowering season and highly vulnerable to temperature increase from
climate change.
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Figure 3. Historical thermal niche (exposure to past temperature variations) of Castilleja
cryptantha occurrences in Washington. Base map layers from www.natureserve.org/ccvi

C2bi. Historical hydrological niche: Neutral.

All of the known populations of Castilleja cryptantha in Washington are found in areas that
have experienced greater than average precipitation variation in the past 50 years (>40
inches/1016 mm) (Figure 4). Accordingto Youngetal. (2016), these occurrences are neutral for
climate change.
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Figure 4. Historical hydrological niche (exposure to past variations in precipitation) of
Castilleja cryptantha occurrences in Washington. Base map layersfrom
www.natureserve.org/ccvi

C2bii. Physiological hydrological niche: Somewhat Increase.

The subalpine meadowand streamside habitat of Castilleja cryptanthais dependent on
adequate amounts of winter snow and spring/summer rainfall. Changes in the amount of
snowfall, the timing of snow melt, the amount and timing of rainfall, or increased drought (from
higher summer temperatures) could have negative impacts on moist meadowsites and resultin
conversionto drier grasslands (Rocchio and Ramm-Granberg2017). Invasion of meadowsites
by conifers could be countered by drier conditions or increased vulnerability to wildfire.

C2c. Dependence ona specific disturbance regime: Neutral/Somewhat Increase.

Castilleja cryptantha occurs in subalpine meadow and streamside habitats that are dominated
by shrubs and herbaceous plants. These habitats are largely maintained by precipitation and
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edaphic factors, more than natural disturbance patterns. Under future climate change
scenarios, these sites could become more susceptible to wildfire associated with drought or
higher temperatures (Rocchio and Ramm-Granberg 2017).

C2d. Dependence onice or snow-coverhabitats: Somewhat Increase.

The populations of Castilleja cryptantha in Washington are found in subalpine meadows and
along the margins of small lakes and streams in areas with high winter snow accumulation.
Reductionsinthe amount of snowpack or timing of snow melt, could shift vegetation
composition towards plants adapted to drier meadows (Rocchio and Ramm-Granberg 2017).

C3. Restricted to uncommon landscape/geological features: Increase.

Castilleja cryptanthais found primarily on pumice and volcaniclasticrocks of the Oligocene
Ohanapecosh Formation. Populations also occur on Quaternary age Mount Rainier andesite
and Holocene glacial till (Washington Division of Geology and Earth Resources 2016). These
outcrops are largely found in the vicinity of Mount Rainier, and may account for the small
geographic extent of the species.

Cqa. Dependence onother species to generate required habitat: Neutral.
The subalpine meadowand brushy streamside habitat of Castilleja cryptantha is maintained
largely by natural abiotic conditions.

C4qb. Dietary versatility: Not applicable for plants.

C4c. Pollinator versatility: Neutral.

Unlike most paintbrush species, Castilleja cryptantha is predominantly self-pollinated (Duffield
1972; Eggeretal. 2019). Duffield (1972) conducted experiments with caged plants at Mount
Rainier and observed high fruit productionin C. cryptantha when pollinators were excluded.
This species has stigmas that barely exceed the anthers and never project beyond the corollaor
calyx, asincross-pollinated Castilleja species (Duffield 1972;Eggeretal. 2019). Since it is not
dependent on other species for pollination, C. cryptantha has neutral vulnerability to pollinator
loss related to climate change.

C4d. Dependence onother species for propagule dispersal: Neutral.
The dry capsule fruits of Castilleja cryptantha split open at maturity to passively release
numerous small seeds that spread primarily by gravity or wind.

Cge. Sensitivity to pathogens or natural enemies: Neutral.
Camp and Gamon (2011) suggested this species might be impacted by elk trampling. Threats
from pathogens or herbivory have not beenreported.

Cyqf. Sensitivity to competition from native or non-native species: Neutral.

Under present conditions, competition from non-native species is minor, as few introduced
plants are adapted to the harsh environmental conditions of the alpine zone. Vegetationcover
is high in the subalpine meadow and streamside habitat occupied by Castilleja cryptantha.
Under projected climate change, the composition of these habitats might shift towards species
adapted to drier conditions, but overall cover is not likely to be affected (Rocchio and Ramm-
Granberg2017).
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C4g. Forms part of an interspecific interaction not covered above: Neutral.
Does not require an interspecific interaction.

Csa. Measured genetic variation: Unknown.

Egger (2015) reported achromosome count of n = 12 for Castilleja cryptantha. Overall genetic
diversity isnot known, but is probably lower than expected due to its self-pollination breeding
system (see section C5c below).

Csb. Genetic bottlenecks: Unknown.
Not known.

Csc. Reproductive System: Increase.

Castilleja cryptantha apparently reproduces mostly by self-pollination (Duffield 1972, Egger et
al. 2019). Asaresult, the speciesis likely to have very low genetic diversity, making it more
vulnerable to impacts of rapidly changing climate (Youngetal. 2016).

C6. Phenological response to changing seasonal and precipitation dynamics: Somewhat
Increase.

Based on herbarium records in the Consortium of Pacific Northwest Herbaria website
(pnwherbaria.org), the flowering period of Castilleja cryptantha now startsin late June, rather
than July to late Augustin olderrecords. Reports of floweringin May are based on
misidentified specimens.

Section D: Documented or Modeled Response to Climate Change

D1. Documented response to recent climate change: Neutral.
No major changes have been detected in the distribution of Castilleja cryptantha in Washington
since it was first discovered in the state in the 1902.

D2. Modeled future (2050) change in population or range size: Unknown
D3. Overlap of modeled future (2050) range with current range: Unknown

D4. Occurrence of protected areas in modeled future (2050) distribution: Unknown
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Climate Change Vulnerability Index Report
Chaenactis thompsonii (Thompson’s chaenactis)

Date: 2 March 2021

Assessor: Walter Fertig, WA Natural Heritage Program

Geographic Area: Washington Heritage Rank: G3/S3

Index Result: Moderately Vulnerable Confidence: Very High

Climate Change Vulnerability Index Scores

Section A: Local Climate | Severity Scope (% of range)

1. Temperature Severity >6.0°F (3.3°C) warmer 0
5.6-6.0°F(3.2-3.3°C) warmer 0
5.0-5.5°F(2.8-3.1°C) warmer 0
4.5-5.0°F (2.5-2.7°C) warmer 0
3.9-4.4°F(2.2-2.4°C) warmer 100
<3.9°F (2.2°C)warmer 0

2. Hamon AET :PET moisture | < -0.119 0
-0.097t0-0.119 22.2
-0.074t0-0.096 61.1
-0.051t0-0.073 16.7
-0.028t0-0.050 0
>-0.028 0]

Section B: Indirect Exposure to Climate Change Effect on Vulnerability

1. Sealevelrise Neutral

2a. Distributionrelative to natural barriers Neutral/Somewhat Increase

2b. Distribution relative to anthropogenic barriers Neutral

3. Impacts from climate change mitigation Neutral

Section C: Sensitivity and Adaptive Capacity

1. Dispersal and movements Somewhat Increase

2ai Change in historical thermal niche Somewhat Increase

2aii. Change in physiological thermal niche Increase

2bi. Changes in historical hydrological niche Neutral

2bii. Changes in physiological hydrological niche Somewhat Increase

2c. Dependence on specific disturbance regime Neutral

2d. Dependence onice or snow-covered habitats Somewhat Increase

3. Restricted to uncommon landscape/geological features Increase

4a.Dependence on others species to generate required habitat Neutral

4b. Dietary versatili