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Scope of analysis

Sequoia and Kings Canyon National Paakes located in the California Floristic Province, which
has been named one of worl doés hotspots of end
California Floristic Province is the largest and most important geographic floristic unit in
California and exteds from the Klamath Mountains of southwestern Oregon to the northwestern
portion of Baja California (Hickman 1993). The Sierra Nevada, one of six regions that make up
the California Floristic Province, covers nearly 20% of the land in California yeticsmeer

50% of its flora. Within the Sierra Nevada, the southern Sierra supports more Sierran endemic
and rare plant taxa than the central and northern portions of the region (Shevock 1996). Sequoia
and Kings Canyon National Parks (SEKI) encompass rofi¥y of the southern Sierra

Nevada regioh The parks overlap three floristic subregions (central Sierra Nevada High,

southern Sierra Nevada High, and southern Sierra Nevada Foothills), and border the Great Basin
Floristic Provincé

The parkssupport a rich and diverse vascular flora compasede 1,560taxa. Of thesel50

taxa ardadentified as having special statd$ie term special status is applieereto include

taxd that are state or federally listed, rare in Californiaat risk because they have a limited
distribution.Only onespeciedrom these parks is listathder the state or federal Endangered

Species ActsGarex tompkinsji Tompki nsd6 sedge, is |isted as a
Endangered Species Act), and one species is under review for federal endangey¢eitiss

albicaulis whitebark pine). However, an absence of threatened and endangered species recognized

by Endangered Species Acts is not equivalent to an absence of species at risk. There are 83 plant

taxa documented as occurring in SEKI that are densd imperiled or vulnerable in the state by the
California Department of Fish andCNBBBmebés Cal i f
2010).* There are an addition&6taxa not formally listed by CNDDB that are recognized as

having special status besautheir distribution is restricted to the Sierra Nevada. Special status

plants are distributed throlagut the two parks and inhabitnéde range of environmenéong the

length of theelevation gradient that characterizes these parks.

Ideally, we woull assess the condition (status and trends) of each of the taxa on the SEKI special
status plant list, documenting current population sizes, demographic rates and demographic
trends. We would also hope to quantify the effects of individual stressors ospemies based

on existing monitoring and research. However, no data are available for most of the species on
the special status plant list. For those few species (12 herbaceous species and two tree species)
for which we possess some change over timenmétion, the data are not adequate to make a

! Calculated in ArcGIS using boundaries of Sequoia and Kings Canyon National Parks and approximate
boundaries of The Jepson Manual geographic subdivisions (23).

% Floristic Provinces and the regions and subregions within them are delineated on the basis of
topographic, climatic, and plant communities, with Provinces having the broadest physiographic and
biologic groupings. See The Jepson Manual (Hickman 1993) for a description and map of these
geographic units.

® The terms taxa, plants, and species are used interchangeably in this report for easier reading.

*These taxa are also includedintheCal i f orni a Native Plant Society
Plants in California (CNPS 2010).



competent assessmeNbDte that we have not explored the tree demographic information in any
detail,asis covered in the NRC/ntact Forest/Five Needle Pines and Sequoia chajirters.

general, we are unabletceps ent an O6i ntegrityo6 metric for sp
since the data to quantify the condition of each species in such a manner is not available.

In contrast, the park does possess substantial data describing biodiversity in the peeks.eThe
our analysis focuses on describing the distribution and rarity of special status plants within the
parks, with a particular focus on assessing the spatial distribution of species richness. We hope
that such information will prove useful to park nagers in determining which areas in the parks
merit the most attention (for example in developing monitoring protocols). We also assess
potential vulnerability of special status species to the stresBosery the NRCA working

group usingboth park dat and available literature.

As a first step, we spent considerable effort updating and refining the criteria for the special

status plant list, as this list defines which taxa are considered in our assessment. Observation data
of these species was themmpiled from allknownsources in order to provide a comprehensive

view of where special status plants have been documenteditmeately,to enable the most

informed determinations of areas in the parks that potentially support the highest numleer of rar
and endemic taxa. Theseaedydeogtaphk pgidn,dregatatienitypes e s a
and elevation.

For these and other analyses presented in this report, we place more focus on summarizing
findings for the herbaceous and shrub specialstata than on special status trees. The trees
which qualify as special status are the focus of other NRCA chapters, including Giant Sequoia
and Intact Forests/Fiveeedle PinesNe do, however, present their mapped distributions and
provide overviews ofagsearch related to the special status tree taxa in the Stressors section of this
report.



Critical questions
1. What are the special status plants known to occur in SEKI?

2. What is th&known distribution of special status plants within SEKI?
3. What is known about their condition?

4. What is known about the effects of the six stressors identified by the NRCA working group on
special status plants in SEKI?
1. Air quality
2. Landusefragmentation
Proximity totrails, roads anaetherinfrastructure
Stockuse inmeadows
3. Climatechange
4. Invasivespecies
5. Alteredfire regimes
Fire returnintervaldepartureanalysis
Fire effectsliteraturereview
6. Diseasgparadigms

Data sources and types used in analysis

Data sources used to determine the special status plants in SEKI

Evaluation of the condition afpecial status plantegins withdevelopment ofhe list of taxaof
interest The criteria for this analysis include taxaokvn to occur in the parks that meet at least
one of the following categories:

1. Rare or threatened plants

s Listed, candidate, or proposed species for threatened, endangered or rare status
under the California or federahBangered Speciescts

s Species ncl uded in the California Native PI
Endangered Plants (CNPS Inventory)

1 U.S. Forest Service Sensitive plants or plants otherwise listed as special status by
Forests adjacent to SEKI (Inyo, Sequoia and Sierra NationadtSaed Giant
Sequoia National Monument)

1 Species ranked as critically imperiled, imperiled or vulnerable in the state by the
California Department of Fish and Gamebd
(CNDDB) list of Special Plants

1 Bryophytes meeting gnof the above criteria

2. Regionally endemic plants



s Sierra Nevada endemics
s Southern Sierra Nevada endemics
s Localendemics (geographic range restricted to within 8 kilometers of SEKI)

Please refer to Appendix A for tispecial status platist; Appendix Bfor additional
information regarding the revision process; and Appendices C and D for dessmtieNPS
and CNDDB rarity and threat rankings.

SEKI flora

The SEKI Vascular Plant Checkligt) was the primary resource used tentfy vascular plant
taxa known to occur iBequoia and Kings Canyon National Pafksllowing NPS convention
(NPS 2011), only taxa with specimens collected in the parks and vouchered in the SEKI
Herbarium or a research herbarium (e.g., the Universityapsion Herbaria at the University of
California at Berkeley or other recognized institution) were retained arhéuoklist. ASSEKI
hasnot identified taxa on the checklist that are known only from historic data, plants that lack
recent documented occances aralsoincluded.

It is worth noting that in 1995, the nomenclature of the checklist was updated from Munz and

Keck (1959, 1968) to follow The Jepson Manual (Hickman 1993). The translation was

conducted using taxonomic update data provided by tiectsity and Jepson Herbaria at the

University of CaliforniaBerkeley. Because the update wascwmwtductedy reexamining the

actual pl ant specimens, the checklist could b
and Keck (2).

Rare or threatened plants

This category includes plants in SEKI that are formally recognized by a state or federal
organization as rare or threatened. The onlygavernmental organization included in this
category is the California Native Plant Society (CNPS)PSNare and endangered plant listings
are regularly reviewed by Rare Plant Review groups, which include botanical experts from
government, academia, ngovernmental organizations and publications.

CNPSLists: CNPS designationgere obtained fromthe Galf or ni a Nati ve Pl ant
Inventory of Rare and Endangered Pla@hlPS 201D Please see Appendix C for a description

oft he California Nat i ofkar@dndiBEndangSreddPléimstaydé s | nvent
ranking criteria

CNDDB State and Glolb&ankings:We referred to the California Department of Fish and

Gameé Blat ur al Diversity Databaseds quarterly pub
Bryophyt es, aGNDDB20IdEhteidestifytaxaort tiie SEKI Vascular Plant

Checklist that ar&rackedas vulnerable or imperildaly the CNDDB. These species are referred

by the CNDDB a.Fhe&NOD8 gives)lgloballarad statesrénkings; f2deral

llNote, the list of plants in SEKI that are recognized by the CNPS Inventory of Rare and Endangered
Plants (2010) is identical to those recognized
both sources are comprehensive with regard to inclusion of bryophyte and vascular taxa in SEKI listed
as special status by the U.S. Forest Service Region 5 Sensitive Species List or listed under state or
federal Endangered Species Acts.



and statalesignationsincluding information on whether a given species is federakyate

listed as threatened, endangered or candidate under state or federal Endangered Species Acts
other agencyletermined status (USFS Sensitive or BLM Sensitiaedl 3)CNPSList status

Please refer to AppendiX for a description of the CaliforaNatural Diversity Database

including criteria forglobal andstate rankings.

Other Federal StatugVe usedthe 5. Fi sh and Wi I(UBFWS)Speci€seReporisc e 0 s
website to confirm federal status as recordethbYCNDDB and to annotate speciegtwother

federal designations not trackedthe CNDDB, including USFWS Species of Concern and

Species of Local ConcertdEFWS 201D We acquired theensitive plant lists frorational
Forestlands adjacent to SEK{Sequoia, InyandSierraNational Forets andGiantSequoia

National Monument) teeekadditional USFSSensitive taxa known to occur in the parks that

might notbe tracked byhe CNDDB.

Rare BryophytesBryophytes consist of three groups of A@scular plants: mosses

(Bryophyta), hornwort$Anthocerotophyta), and liverworts (Marchantiophyta). They were once
grouped as three classes of the division Bryophyta, but because the groups are not monophyletic
they are now placed into three separate divisions (Glime 2007). Before the publicatien of t
sixth edition of the adntorya Rareiarad EnNlangered Blan® bfa n t
Californiain 2001, not enough was known about the distributioGadiforniabryophyteso

assess species rariBryophytes are thought to be highly intfant in the function of

ecosystemsThey generally have much wider geographic ranges than vascular plants but are also
typically restricted to specific microhabitats, a pattern that can lead to patchy distributions and
vulnerability to local extirpatiorBryophytes are sensitive to environmental changes, such as air
and water pollution and changes in the frequency of rain events, making them useful as
indicators for environmental change in pollution and climate change st@hExS2001).

Relative to te vascular flora, much less is known about the presence, distribution, and
abundance of bryophytes in SEKI. Three datasets served as the primary source of information
about bryophytes in the two parks: the NPS Inventory and Monit@vieigand Ecological

Integrity Survey420), J a me s persomal da@detdvbich includes records of specimens
collected byhim and others (6)CNDDB (201(); and the SEKI Herbarium holdings)(All of

the bryophyte recordsom these sources were compilatb asingledatabasand attributed

with CNPS, state, federdlSFS andCNDDB global and stateankings.

Regionally endemic plants

Endemism is commonly viewed as an important criterion for assessments of the conservation
value of an area (Tchouto et al. 2006, Sh&vi296). Inclusion oSierra Nevada and southern

Sierra Nevada endensi@dds taxa to thepecial status plafist that may not necessarily be rare

on a statewide basis but because of their limited geographic distribution may be more vulnerable
than widespead species. The losigrm viability of an endemic species relies greatly upon the
conditions and management of the geographic area to which they are restricted (Shevock 1996).

The known distribution of a species is usually determined by two main nsethidd vouchered
herbarium specimen records or the published expert opinion of a botanical specialist or
biogeographer (Thorne et &009) The website CalFloré2011) considers a wide variety of data
sources to map species extent by county, includinggnem records, nermouchered

5



documented records confirmed by an expert, reported records (not confirmed by an expert), and
indirect records such as botanical literat@eme studiesarrow he frame of reference much
moreby relyingsolelyon georefereted herbarium specimens (eLgarie et al. 2008).

Herbarium records provide the highest degree of confidence for identification and spatial
precision (Thorne et a2009).However, pant ranges determined by botanical experts are

thought tomoreaccuratey descrite the geographic range of a species than herbarium records
alone (Gaston 199Gaston 2003).

We used geographic range data frotre Jepson Manual edition Baldwin et alin pres3 to
identify Sierra Nevada and southern Sierra Nevada endenfiese data wercquiredfor all
plants on the SEKI Vascular Plant ChecktiatOctober 19, 201dom Richard MoeManager

of Collections Datat theUniversity and Jepson Herbaria, University of Califorfdarkeley
These rangassessmentepresent the expert opinion of author e Jepson Manual'®

edition andrely more heavily on knowledge of vouchered specimens than in the first edition
(University of California Berkeley, Richard Mdéanager of Collections Data at the University
andJepson Herbarigersonal communicatio23 June 2010)The geographicangeunits, or
bioregionsare described and mappedTine Jepson Manu@éHickman 1993).

Sierra Nevada endemics, as defined in this staidyplants with native distributions thaea

thought to be restricteth the Sierra Nevada bioregiddouthern Sierra Nevada endemics are
those thatire thought to be restricted to the southern Sierra Nevada foothills and/or southern
High Sierra Nevada bioregion®Ve recorded possible range exiens beyond the Sierra

Nevada or southern Sierra Nevada hyowas.These are specimenataloguedn the

Consortium of California Herbar@CH 2011) database that were collected outside of the

s p e crépertedbrangand havenot yetbeen verifiecoy auhors of The Jepson Manudr'2

edition Thus possiblerange extension data can be used to provide a measure of uncertainty for
endemism assignmen(see Uncertainty in Analysis section)

We definel locally endemic aplantswith geographiganges thoughb be restricted to within
eightkilometersof the parksWe initially intendedto include onlySEKI endemics, but based on
our research nona the SEKI flora have rangeaslely limited tothe parksWe chose an eight
kilometer (five mile)oufferaroundthe parks because this distance best fit the extent of the range
of plants that are nearly endemicSequoia and Kings Canyon National Parks

The process of determining which plants are locally endemic was itelGitnoe the northern tip
of Kings Canyon National Park extends into the central Sierra Nevada high bioregion, we needed
to expand the search for local endemics to plants restriceth&sthe southermr central Sierra
Nevada bioregionser both First, we narrowed tfs list of plantsby eliminating any taxa that are
recorded as occurring in Yosemite National Ras&ording to the Yosemite Vascular Plant
Checklist (7).From this subsetve removed taxa with vouchered specim@nSCH collected

from countiedarther than eighkilometersfrom the parkge.g., Madera, Kern, Tuolumne, and
Mariposa CountiesFor theremainingtaxa, we investigatespecimen collection locationgth
paper and digitainaps (Google Eartt2010) USGS topographic map (26ierra National
Forest(2003, Inyo National Fore2002, Sequoia National Fore§001) andSequoia and
Kings Canym National Parks and Vicinit§1996) and measured the approximate distance from
t he parks.6 boundari es



The locally endemic list could be consrdd conservativesome of the older vouchered
specimengarther thareight kilometers fron8EKI may ndongerrepresenéxtant populations
Almost all specimensn this final subsethat were located farther than eight kilometers from the
parks had beecollectedafter 196Q with one exceptiorivesia campestrizzas most recently
collected in1916 at Mojave Lake ilnyo County. Since this collection is so @dd since we
could not find a more recent observation for this localty,decided to retaithis species on the
list of locally endemic taxa. dtes from the endemicsearch are recorded in tBEKI NRCA
special status plants database (21)

Taxonomic and nomenclatural changes

This study took placen the midst of great change California vacular plant taxonomyith the
impending publication of the seabedition of The Jepson ManuslVe checked for taxonomic

and nomenclatural changestaxa in the SEKIlbra (1) using the latest available da&dto be
published inThe Jepson Manual'®edtion, provided by Richard MgéManager of Collections

Data athe University and Jepson Herbaria at University of CalifoBékeley(most recently
provided on October 18, 2010). In some cases we also contacted the author for the treatment of
the specigin question We used several online sources including the Jepson Interof2ig3

the USDA PLANTS databag2010) and the Integrated Taxonomic Information SystERS)

(2011) to record synonyms in whole in order to perform complete comparisonstivéh

datasets (USFS species listee CNDDB, and CNPS Inventory). This step was also important to
look for taxa that lost or gained listing status because of revised taxonomic treatments, i.e.,
newly recognized taxa or those that were previously lisgedre or endangerdédat have been
subsumed into nehisted taxa. Plant names in this report follow ITIS, as required by the NRCA
program.

Data sources used to determine the distribution of special status plants

Knowledge of the distribution and abundarof plants within SEKI is derived from a number of
NPS datasets reflecting investigations conducted between 1980 and 2009. Observation data of
special status plants in the parks included park angpadndata (Table 1). To describe the

spatial distribubn of special status trees in the parks, we used the SEKI Vegetatiof2#)ap

The vegetation map provides a more complete picture of tree distribution than the plot and single
species observations shown in Table 1.

Data sources in Table 1 are classifigdsurvey type. Comprehensive surveys are survey types

with full species composition data, recorded either for the entire sample plot or a subsample of
the plot. Rapid assessment surveys are those that recorded a subset of species only, such as
dominant pecies or a particular set of species specific to the purpose of the study. Single species
observations are herbarium specimen coordinates or locations of singular special status plant
populations. The Natural Resource Inventory plots contribute the higineber of rare and

endemic species observations (930) of any single data source. In total, comprehensive data
sources contribute more special status species observations (1824 total observations) than single
species sources (1158 total observations).

In addition to data sources identified in Table 1, the Sequoia and Kings Canyon National Parks
digital elevation map (DEM) was used to obtain elevation data. This dataset was developed in
2010 for theSEKI NRCA project (28). All files and datasets usedhis report aréncludedin

the Literature Cited section.



Table 1. Data available for analysis of the distribution of special status plants in SEKI. SS=Single Species; Comp=Comprehensive; RA=Rapid

Assessment.
Data Source Survey Plots, Transects, or Specimens Number of
Type Special Status
Number with Special Plant
Total Status Plants Observations
SEKI Vascular Plant Observation Database
Fire Effects Monitoring Comp 131 86 150
Stephenson Gradient Analysis Comp 222 170 310
Natural Resource Inventory Comp 625 469 930
Wetland Ecological Integrity Monitoring Comp 95 48 85
Paired Meadow Species Composition Comp 10 10 26
Vegetation Mapping Full Plots Comp 423 213 323
Vegetation Mapping Accuracy Assessment RA 2705 473 493
Vegetation Mapping Rapid Assessment RA 122 3 3
Vankat/Roy Vegetation Change Study RA 76 15 15
White Pine Blister Rust Study RA 140 3 3
Inventory and Monitoring Special Status Plant Surveys  SS 93 93 93
Norris and Brennan Special Status Plant Surveys SS 243 243 243
SEKI Herbarium Holdings SS 494 494 494
California Natural Diversity Database SS 108 108 108
Consortium of California Herbaria SS 92 92 92
NPSpecies SS 118 118 117
Shevocko6s @ltegtiong*hyt e SS 11 11 11
5709 2648 3496

Notes regarding Table: Table 1lists only those data used in analysiBhere are also bryophyte observations in the CNDDB
database and the Wetland Ecological Integrity Monitoring plots. However, the Wetland Ecological Inventory Mgldtsotid not
includeobservations o&nyspecial status bryophytes. CNDDB records & spi a |

Bryophyte Collections.

status bryophytes

ar

e



The numbers of special status plant observations shown in the last colliadrieoflare the

number of observations used in this analysis, and not necessarily the total numberabf sp

status plant observations available from these datasets. Records removed from consideration
include observations outside the parks, inaccurate records, some duplicate records and specimen
records with a distance error of more than 400 meters in trdeore accurately portray species
distributions.

Duplicate records (observations of the same species in the same place and recorded on the same
date) exist between datasets, especially among the single species datasets. Records in the SEKI
Herbarium Hddings that were duplicated in NPSpecies were removed. Bryophyte coordinates in
CNDDB that were duplicated in Shevockos dat as
no other duplicate records were removed. We have not quantified the extent oftiduplara

species among datasets, butwork with a subset of twelve special status taxa inditeteit

could be a substantial. Therefore, we believe it would be inaccurate to report number of
occurrences by simply counting the number of observationsafth species. Estimates of

number of occurrences or populations can be attained with a careful examination of the spatial
data associated with each species. Due to unknown (not reported) and known distance errors
associated with specimen data, it carbaccurately calculated with a simple distance function
between observation points in GIS.

Inaccurate records included several specimen records in CCH with no distance error value but

were clearly given generic coordinates for the parks (all recorddhbackact same coordinates)

with vague |l ocalities such as Afrom Sequoia N
different times, but generally before 1930. A small number of records from CCH were also

removed when the derived coordinates f@HCrecords were found to be less accurate than

duplicate observations captured more accurately in park datasets (e.g. Norris and Brennan

surveys). These records are documented in Appendix E. All CNDDB records in the parks were

|l abeled by CND®Bt ast dprecsumemnde were filtered
extirpatedo status.

No records were removed because they were hisfidrarefore, the distribution of special status
plants presented in this report represents a best case scenario, asthenodder observations
may no longer be extant.

For special status species without coordinates documented in any of the data sources shown in
Table 1, derived coordinates were assigned by park staff where there was enough information to
do so.

Samplepoints of all datasets for all plants (not just special status plant observations) are shown
in Figure 1. Plot locations and other sample points from these datasets are widely distributed
across the two parks, although large areas in Kings Canyon Na&®iaraihat are not near roads

or trails have not been surveyed.



Sequoia and Kings Canyon National Parks National Park Service
California U.S. Department of the Interior

All Datasets*
SurveyType
Comprehensive
Rapid Assessment or Single Species
—— MajorHighvays
Trails Unmaintained
- Trails M aintained

* Excludes tree species

N
4 8 Miles
L, Ao yd

LT
0 4 8 Kilometers

Fig.1 Datasets available for analysis. Blue x = comprehensive survey type plot locations; small orange
points = non-comprehensive plot locations (rapid assessment and single species observations).
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Descriptions of data sources

Comprehensive Survey TypeSystematic surveys have been undertaken since the 1980s to
describe the distribution of vascular plants in Sequoia and Kings Canyon. The mesivgitheg
surveys, in terms of both geogtac and floristic coverage, include the Natural Resource
Inventory (NRI), the Stephenson Gradient Analysis study and the Vegetation Mapping project.

The goal of the Natural Resource Inventory was to inventory the vascular plants in the parks and
to testthe adequacy of the vegetation classification used by the parks at the time (Graber et al.
1993). NRI plots were sampled between 1985 and 1998 (13). Plot locations were chosen with a
stratified random sampling scheme designed to maximize sampling effiG@ed cover a broad
geographic range of slope, elevation, and aspect classes in the parks (Ltgn@reectare

circular plots were located at one kilometer Universal Transverse Mercator (UTM) grid
intersections, with plot center randomly placed withibtOO meter radius of the intersection.
Clusters of sample points were sampled throughout the parks in order to maximize field effort
and efficiency. Unlike traditional approaches to vegetation sampling, plots were not placed in
either homogeneous vegetatior environment. The resulting dataset is thus well suited for
describing the actual distribution of vascular plants within the two parks. The surveys recorded
cover and vascular species composition data for 628 plots, capturing 860 plant species in the
parks, or 68% of the known flora (Graber et al. 1993).

Stephenson Gradient Analysis data were collected from 1982 to 1984 to describe the distribution
of forest trees along environmental gradients in Sequoia National Park. Plots were located to
sample avide range of environmental gradients including elevation, slope steepness, slope
aspect and soil depth, and also to cover a wide geographic range of the park. Plot locations were
not chosen with regard to vegetation type. Vascular species compositiowli(ig both woody

and herbaceous taxa), cover, tree diameter at breast height, tree canopy cover and abiotic plot
attribute data were taken on 228 rectangular plots that were 0.1 hectare in area (16, 17).

Vegetation Mapping Plots include full ploRapd Assessment plots addtccuracyAssessment
plots.(Full plots are comprehensive type suryeyapid Assessment and Accuracys@ssment

plots are rapid assessment type survélysese plots are associated with data collected from

2000 to 2007 to producevagetation map of the parks consistent with the National Vegetation
Classification Standard (FGDC 1997). The minimum mapping unit was 0.5 hectares, resulting in
over 80,000 individual vegetation polygons mapped to alliance and association classes, and
crosswalks to CALVEG and CWHR (California Wildlife Habitat Relationships System)

vegetation classifications. Vegetation polygons were delineated and photo interpreted based on
color infrared photography taken in 2000 and 2001 (24). On the ground vegetassifiggtion

and mapping accuracy plots varied in size and shape depending on vegetation type. For example,
vegetation map full plots, which recorded vascular species composition and other data were
approximately 1000 frin area in forests, 400in shruland, 100 miin grassland, and 100°m

in dwartshrub heath communities. Accurakgsessment plots mirrored the minimum mapping

unit with an area of 0.5 hectar@d®). Rapid Assessment and Accuracgs&ssment survey plots

were sampled to train and test #Heeuracy of the photo interpretation work for the vegetation

map of the parks. Only dominant and characteristic species were recorded to classify the
vegetation to alliance and association levels of the vegetation classification (12).
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Wetland Ecologicalrtegrity surveys sampled wet meadows and éxactuded from grazing by

pack animalsThese surveys recorded total species composition and tree tallyrinf 100
macroplots. Cover of vasculplantsand bryophytes and bryophyte richness were sampled in
smalle plots nested in the macroplot (20hese plots were established in SEKI in 2009 and

2010 by the Sierra Nevada Network Inventory & Monitoring program as part of a pilot long term
monitoring program being developed for park wetlands.

The Paired Meadow $pies Composition dataset includes species composition recorded every
five years from five pairs of subjectively selected grazed and ungrazed meadows within close
proximity to one another. Species frequency and other data related to grazing is recorded in
meadows open to pack stock use and reference meadows or areas within the same meadow that
are closed to pack stock use. This dataset includes vascular plant species composition found
within 100 to 200 small quadrats (0.0625imarea) per plot (one ploepgrazed or reference
meadow) per visit. Data have been collected from these plots since 1985 (25).

The NPS Fire Effects Monitoring program establishes permanent plots in the parks to track the
response of vegetation to fire management activities (WednsteHalpern 2010). Fuels,

vegetation and fire related data are recorded pre and post fire and in control plots acell in
and forest vegetation communities. Plot sizes and sampling area of herbaceous vascular plant
species composition vary by veg#ta type and by year as the sampling protocol changed over
time (Sequoia and Kings Canyon National Parkeny Caprio, Fire Ecologist, personal
communication, 17 February 2011). Although species composition is taken in belt transects
within the plots, thelata used in this report only includes the species composition data that was
recorded along the pokhntercept transect placed in the middle of the belt transect due to the
availability of the datat the timeof this report

Rapid Assessment Survéypes TheVegetation Map Rapid Assessment and Accuracy
Assessment survey plotghich are part of the Vegetation Mapping Plots, are described.above

White Pine Blister Rust Study plots were established to document the distribution of white pine
blister st in the parks. Vegetation sampling in these plots included trees associated with white
pine blister rust and shrub species in the g&ibes which serves as the alternate host for white
pine blister rust (Duriscoe and Duriscoe 2002).

Vankat/Roy Vegeidtion Change Study plots were established by John Vankat in the 1960s. Many
of the plots were revisited in the 1990s by Graham Roy who evaluated change in vegetation
between the two sampling periods. Vegetation observations from these plots are limited to
woody species onlgRoy and Vankat 1999).

Single Species Surveyfhe remaining data sources shown in Table 1 are datasets that describe
the collection of plant specimens or surveys that recorded individual special status plant
populations (Norris and Bmaan and Inventory and MonitoriftgkM) Special Status Plant
Surveys). A description of the Norris and Brennan and I&M Special Status Plant Surveys is
included in the Reference Condition section of this report.
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A description of the California Natural Dikgty Database (CNDDB) is included in Appendix

The Consortium of California Herbaria (CCH or Consortium) is an online database of vascular

plant specimen collections from 17 academic and research herbaria in California. Pl#ase see
CCHwebsite at ugps.berkeley.edu/consortium for the full list of participating herbaria.

Bryophyte specimen collections were obtained from several sources (shown in Table 1). The

| argest contribution of bryophyte observation
of Sciences and University of California at Berkeley) personal database. The Shevock bryophyte
dataset is a compilation of specimen records collected by Shevock and others.

Data sources used to assess the condition of special status plants

Imperilment rankings and endemism: Data available for analysis

We referred to the California Department of F
(CNDDB) gquarterly publication, @ASpecial Vascu
(October 2010)o assigrglobalG-rank)and stat€S-rank)imperilment designationsléscribed

in Appendix D)for all taxa on the SEKI Vascular Plant Chaskthat are tracked kthe

CNDDB. We obtainedCNPSlist designationsdescribedn Appendix C)from the California

Native PlantSoi et y6s I nventory of CNRPS20ED and Endanger e

Pl ease ref er twoarcetusee todstermine thaspeciafst@uesgl ant s i n SEKI 0O
a description of the data sources used to assign endemism.

Trend assessment: Data available for analysis

Existing data is insufficient to perform a temporal analysis of change in the special status plant
resource as a whole over time. Although extensive comprehensive plant surveys have been
conducted in the parks in each decade since 1980, these studie®wdsigned to track

changes in the status of special status plants. Plot locations and survey protocols were not
identical among studies (i.e., plots were netiggted from one study to the next), making any
inference about changes through time sus@ebroad scale analysis of the change in special
status plants through time using these various datasets would likely be more misleading than
informative.

Two park datasets and their accompanying reports comprise the data available for a trend
assessmerof special status plant populations in SEKI: the Norris and Brennan Surveys

conducted in the 198@sd the Inventory and Monitoring (I&M) Special Status Plant Surveys
conducted in 2002004 These are the only surveys conducted in the parks to date that

specifically targeted special status plants. Please refer to the Refesadi®n section of this

report for a description of the surveys. There are twelve special specigghat were visited

during both time periodthat are included in this assesent (Table 2). Limitations of these data

for application to an assess meanalygséctioftmise nds 0
report.
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Table 2. Special status plant taxa surveyed by both the Norris and Brennan Surveys (1980s) and the
I&M Special Status Plant Surveys (2003-2004).

Scientific Name Common Name Federal CNPS State Global Endemic
or State List Rank Rank Region
Astragalus ravenii Ravends mi -/- 1B.3 S1.2 G1Q Southern Sierra
Carex tompkinsii Tompkinso -/Rare 4.3 S3.3 G3 Sierra Nevada
Draba cruciata Mineral King draba -/- 1B.3 S2.3 G2 Southern Sierra
Erigeron aequifolius Hal |l 6s dai -/- 1B.3 S2.3 G2 Southern Sierra
Erigeron nudum var. mouse buckwheat -/- 1B.2 S2.3 G5T2 Locally Endemic
murinum
Erythronium pusaterii Kaweah fawn lilly -/- 1B.3 S2.3 G2 Southern Sierra
Lupinus culbertsonii ssp. Hockett Meadows -/- 1B.3 S1.4 G3?T1 Southern Sierra
culbertsonii lupine
Mimulus norrisii Kaweah monkey -/- 1B.3 S2.3 G2 Southern Sierra
flower
Oreonana purpurascens Purple mountain- -/- 1B.3 S3.2 G3 Southern Sierra
parsley
Carlquistia muirii Muirdés rai -/- 1B.3 S2.3 G2 --
Streptanthus fenestratus Tehipite Valley -/- 1B.3 S2.3 G2 Locally Endemic
jewelflower
Streptanthus gracilis Alpine jewelflower -/- 1B.3 S3.3 G3 Locally Endemic

The 1&M Special Status Plant Sungyraft speciesaccountgprovidecomprehensivaccounts of
the plants that are included in this assessment of cliblagétain et al2004) These accounts

include taxonomic descriptiodijstribution, habitat, associated plant species, associated
vegetation communities, and condition of the populations that were visited (number of plants,
phenological stage, appearance, and apparentdhoetite populations, if any). Accouraiso

include recommendations for locations of future surveys and photograpes mifints taken in
the field. The Norris and Brennan reports (Norris and Brennan 1982, Norris 1984) are similarly

comprehensivepecies accounts of the pta included in their survey$he habitat and
distribution information presented Appendix Acome from these and other sources (CNDDB,
CCH, CalFlora, Jepson Interchange, and CNPS Inveramigprovide current conservation
status and knowledge of the spebégsographic distributiom the state. A description of notable
CNDDB and CCH specimen records was also added.

Rarity in the parks: Data available for analysis

The number of occurrences for the 12 taxa that were surveyed by both the Norris and Brennan

and I&M Special Status PlaBurveys were counted using the georeferenced location data for

each species shown in Table 2, and also GIS data of population extents from the I&M Special
Status Plant Surveys. We followdteCND DB 6 s

approach

to def

ne

population ogroup of nearby populations located more than 0.25 miles [402 meters] from any

ot her

popul &01lBo n o

(CNDDB

an

For all other special status herbaceous plants, we estimated the relative rarity for each species in
the parks by overlaying a grid of eqtaaka hexagonal cells 805 meters (0.5 miles) in diameter
and counting the number of hexagons in which the species has been observed. The data sources
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used in this analysis are described Table 1. Please see the 8wdyisib section for more
information @out methods.

Data sources used to determine what is known about the NRCA-Identified

stressors on special status plants

We combined literature searches with data f@equoia and Kings Canyon National Patks

describe the potential effect of each of stressors. A list of plants affected by poor air quality

was obtained from the SEKI Air Quality Specialist, Annie Esperanza. For land use, we focused
on proximity to roads, trails and park operations as well as stock use in meadows. We referred to
earliersurvey reports (I&vVandNorris and Brennapecial Status Plant Survgys well as

available spatial information. For stock use, we examined the Paired Meadow Species
Composition data and consulted with the Meadows tafaime SEKI NRCA projectFor

invagve species, we referred to the Invasive Spdadeal resource chapter of the SEKI NRCA

For fire, we referred to the available literature and the SEKI Fire Return Interval Departure
(FRID) layer. Foithe Disease Paradignstressorye consulted the limad literature available

for a few of the species on our list as well as data taken within the parks to track diseases such as
Cronartium ribicola(White Pine Blister Rust).
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Reference conditions
Existing knowledge: Special status plant list

Jones & Stokes special status plant list - 2003

The current SEK$pecialstatusplants list wadargely compiledn 2003by Jones & Stokesan
environmentatonsulting company. Under contract with the NPS Inventory and Monitoring
Program (1&M), he company wakaskedto developa list of special status plarasd a survey
strategy foISEKI as well as the other units of tBerra Nevada NetworkyposemiteNational
Parkand Devils Postpile NationMonumenj. This effort was part ahel&M pr ogr amé s
initiative to develop 12 essential datasketr all national park unit3.he definition of special
statusincludedstate or federally listed species, USFS listedisie@r species, CNPIB&ted plants
(CNPS Lists 1 to 4)andplants with limted distribution in CalifornialJones & Stokealso
developed a habitanodelto predict speciadpecies locationand help prioritize future survey
locations.

As now, here werano federally or state listed threatened or endangered [iaoda to occur in
Sequoia and Kings Canyon National Park2003 The list that Jones & Stokesmpiled
included 185 species, of which 136 were documented as occurring in the parksaserd 49
identified as potentially occurring

SEKI modifications to the special status plant list since 2003

The list of special status plants that was provided to the NRCA in 2010 for this report (SEKI
Special Status Plants.mdb) included two additional spdtasvere not on the original Jones

and Stokes lisBrodiaea coronarisandEschscholzia hypecoidddowever, we removed these

taxa from the special status plant list as we could not find evidence of these taxa in the parks.
Sources searched included the Sequoia and Kings Canyon National Parks herbarium, Consortium
of California Herbaria (CCH 2}, Seqwia and Kings Canyon vegetation datasets Qsa

sources used to determine the special status plants in SEKI section gf tepdCalifornia

Natural Diversity Databadearefind progranfCNDDB 201®) or CalFlora (2010). Appendix B

gives additional infanation about the special status plant list revision process

SEKI flora

The basis for determinirihe list ofspecial status plants dependent upoknowledge othe

Sequoia and Kings Ca Basedon eXpert dpiniotha SierBNevddas 6 f | or
Network Working Group (2001) estimated that 90% ofitagcularflora in SEKI has been

documented. Please see the Rataces section for information on the extent and limitations of
knowledge othe flora in the parks.

Existing knowledge in SEKI: Special status plant surveys

Norris and Brennan special status surveys - 1980s

Larry L. Norris and DavidA. Brennan led the first surveys targeting special status plant species
in the parks during the early 1980s (Normsl@rennan 198, Norris 1984)They set out to
inventory all known populations gpecial statuplants in the parks and tmd additional
populationsSurveys for the 1982 repostere conducted from ApriBeptemir 1980 and May
September 198Bearch areas includdabth parks but their efforts were largelynited to trail
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corridors.Large portions of the northern and central Kings Caywbere trail access is limited,
remained unsurveyed)

Their 1982 report is a detailed twolume report containing locationsabitat descriptions,

professional line drawings, population endangerment factors, and management recommendations
for 30 special status speci€murteen were candidatis listing as federally threatenetén

were unlisted but considered unique or rare in the parkssiasgecies were not known to occur

in the parks but were considered rare, unique, or federally listed candidate species that were
expected to occun SEKI (Norris and Brennan 1982)

In an umlate given in 1984, Norrieported thathe number of special status plants in SB&d
shrunkfrom 30 to 14due to a significant reduction in the number of USFN¥&d candidate
threatened specie®nly six species werstill canddatesfor federalthreatened listingMany of
the taxa that had lost candidate status were removed because of the agipalaions that
Norris and Brennan had reported in their 1982 reportsand aftefNorris 1984). Between July
1982 and March 198Morris andothersfound an additional 40 sensitive plant populatidfrem
these surveys, tweewrareplant speciesverefound, a newly described specigBmulus

norrisii (Kaweah monkeyflower), and a desert fenmestone lithospecific speci®otholaena
jonesii( J o n lisesChoakffean, current namdggyrochosma jonesii

At the time of these reports, there were no federally listed threatened or endangered species
known or expeted to occur within the parkBased on their evaluations, the authors concluded
that none othe sensitive plant species faced serious threats in the parks.

NPS Inventory and Monitoring program rare plant surveys i 2003 to 2004

Thelnventory and Monitoring (I&M) prograrfunded field surveys 2003 and2004 to revisit

and document known popuilaiis of CNPS List 1B plants in SEKI, since 1B plants are
considered rare throughout their raragel represent the highest level of rarity represented in the
SEKI flora(see Appendix C for detaildyield botanistsevisited a majority of the populations
documented by the NorrsndBrennan surveys and also explored new ground that had not been
previouslysystematically searche@hese searches resulted in newly discovered special status
plant populationsLike the Noris andBrennan surveys, the 1&M specithtus plansurveys
documented for each populatitds location, estimated number of plaristal areapercent in

flower or in fruit, general appearance and any potentimhorediatethreats (such as trampling

by hikers trail, or road work)Unlike the Norris and Brennan surveys, the 1&M surveys also
documented their search areas and population extentsGBigtgchnology.

These two sets of survegso mpr i s e t he bdirdctkd abpeciaSt&us plans dat a
populations. The technical reportsrh theNorris andBrennansurveys summarize results of

their surveys foR4 of the147 plants on the NRCA special status plants(Wtrris and Brennan

1982 and Norris 1984).hesummaryreport for the 18/ Special Status Plant Surveys has not

yet been finalized, budraft species accounts have been prepared for all 15 taxa targeted for
survey, all of which aren the NRCA special status plants (idiaultain et al. 2004)f'welve of

these species were alsarveyed by Norris and BrennéeeTable 3. In general, the same
population was not revisited more than once between these two dafhsstslataprovidea
glimpseof the conditiorof twelve special statuplantsbetween théwo time periods
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Existing knowledge in SEKI: Geographic and ecologic coverage of surveys

Jones and Stokes analyzed the geographic and ecologic coverage completeness of vascular plant
inventories conducted in the parks from the 1980s to 288 summarized their findings in a

2003 report to the National Park Service

To assess geographic coverage, Jones and Stokes mapped the locations of surveys that
comprehensively sampled vascular species: Natural Resource Inventory plots, Stephenson
Gradient Analysis plots, and VegetatiorapMplots. They also produced a map of special status
plant locations, using the comprehensive suraeykother sources including CalFlora, databases
from Dana Yorkds thesis on the Kings River FI
and Brennanwgveys. Their report concluded from the two maps that while large portions of the
parks had been sampled that a great deal of the parks still remained unsurveyed.

To assess ecologic coverage, they first compared the relative area of each vegetatichaype

parks with the distribution of sample plots among vegetation types. For this analysis, each plot
was attributed with vegetation type based on the plot data, not by a spatial join in GIS with the
parkso6 vegetati on map. pldtlocatioris framghe Na#usasResoyrcet h e y
Inventory and Vegetation Mapping surveys because vegetation types had not been described for
the Stephenson Gradient Analysis plots. They found that sampling effort (measured by number

of plots of each vegetatioge) broadly corresponded with relative area that each vegetation

type covered in the parks. Thus, they concluded that the sampling was representative for
vegetation types in the parks.

Two exceptions were meadows and lodgepole pine vegetation typesloMe wetlands, and
riparian habitats were sampled disproportionately more than their relative coverage in the parks
and lodgepole pine and montane chaparral habitatesampled relatively less. However, they
found this to be reasonable ecologicallyuang that wetlands potentially support
disproportionately more special status spegiee lodgepole pine and chaparslpportfewer

than their relative areas in the pamgiht suggest

They then compared the number of special status species associated with each vegetation type
with the number of sample plots for each vegetation type. They found that the most widespread
habitats support the greatest number of special status plantshgvegkdeption of meadows

which support more special status plants relative to their coverage in the parks) and that the
distribution of special status species occurrences closely parallels that of the sample plots.

Based on these findings, Jones and Stokes concluded that the results of previous surveys are
representative of the park and, on the whole, provide an adequate baseline for laledstape
planning effortsTh ey not ed duditiomalhsweveys aréwantedito inventory the
existing populations, determine species distributions in the parks, and locate additional
undocumented populatiobs

It is worth noting that vegetation types attributed to each special status species were not based on
vegetatiortypes attributed to the sample plots in which species were faond linkmade

between observations and tBEKI vegetation map. Vegetation types for each species were

based on habitat matrices that were developed from narrative habitat descripteathfor
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species from The Jepson Manual (Hickman 1993), the CNPS Inventory (2001), and CNDDB
(1999).

As part of the management strategy provided to the parks, Jones and Stokes suggested that
predictive habitat models be developed for special status planesipe order to prioritize

survey efforts. As a demonstration, they developed habitat models for five sperieshaw
Meadowsabronia(Abronia alpina) Kaweahbrodiaea(Brodiaea insignis)Tompkin'ssedge

(Carex tompkins)i Springville clarkia (Clarkia springvillensi$, andTulare Countybleeding

Heart(Dicentra nevadensjsTwo of these taxa (Kaweddnodiaea and Springvillearkia) are

not known to occur in the parks, but were chosen as likely candidates for focused surveys. They
noteseveralimitations of such an approach: lack of adequate habitat information for a given
species, potentially inadequate resolution of
for certain habitat attributes (e.g., the parks currently lack a soils map). Nesstlibey felt

that such modeling would be valuable given limited resources and suggested improvements
throughian i terative process o fo(Jahestarad Stoked2008)ct i on a
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Spatial and condition analyses
Spatial analyses: Distribution of special status plants in SEKI

Special status plant observation and tree distribution maps

Special status plants have been observed throughout the park and across the range of sampling
locations (Fig. 2a). Figures Z2bshow the mapped distributions of the special status tree species
in the parksAbies magnificarar. critchfieldii (Critchfield red fir) is not shown because this is a
newly described variety of red fir (Lanner 2010), and the precise locations of these trees are not
known.
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Figure 2a. Special status plant observations (excludes tree species). Blue x = comprehensive survey
type plot locations; small orange points = non-comprehensive plot locations (rapid assessment and single
species observations).
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