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The National Park Service, Natural Resource Stewardship and Science office in Fort Collins, 

Colorado, publishes a range of reports that address natural resource topics.  These reports are of 

interest and applicability to a broad audience in the National Park Service and others in natural 

resource management, including scientists, conservation and environmental constituencies, and 

the public.  

The Natural Resource Report Series is used to disseminate high-priority, current natural resource 

management information with managerial application. The series targets a general, diverse 

audience, and may contain NPS policy considerations or address sensitive issues of management 

applicability. 

All manuscripts in the series receive the appropriate level of peer review to ensure that the 

information is scientifically credible, technically accurate, appropriately written for the intended 

audience, and designed and published in a professional manner.  

This document contains subject matter expert interpretation of the data.  The authors of this 

document are responsible for the technical accuracy of the information provided.  The parks 

refrained from providing substantive administrative review to encourage the experts to offer their 

opinions and ideas on management implications based on their assessments of conditions.  Some 

authors accepted the offer to cross the science/management divide while others preferred to stay 

firmly grounded in the presentation of only science-based results.  While the authorsô 

interpretations of the data and ideas/opinions on management implications were desired, the 

results and opinions provided do not represent the policies or positions of the parks, the NPS, or 

the U.S. Government.   

Views, statements, findings, conclusions, recommendations, and data in this report do not 

necessarily reflect views and policies of the National Park Service, U.S. Department of the 

Interior. Mention of trade names or commercial products does not constitute endorsement or 

recommendation for use by the U.S. Government.  

This report is available in digital format from the Natural Resource Publications Management 

website (http://www.nature.nps.gov/publications/nrpm/). 

Please cite this publication as: 

Huber, A., A. Das, R. Wenk, and S. Haultain. 2013. A natural resource condition assessment for 
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Scope of analysis 

Sequoia and Kings Canyon National Parks are located in the California Floristic Province, which 

has been named one of worldôs hotspots of endemic biodiversity (Myers et al. 2000). The 

California Floristic Province is the largest and most important geographic floristic unit in 

California and extends 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 yet contains over 

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 roughly 20% of the southern Sierra 

Nevada region
1
. 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 Province
2
.   

 

The parks support a rich and diverse vascular flora composed of over 1,560 taxa. Of these, 150 

taxa are identified as having special status. The term special status is applied here to include 

taxa
3
 that are state or federally listed, rare in California, or at risk because they have a limited 

distribution. Only one species from these parks is listed under the state or federal Endangered 

Species Acts (Carex tompkinsii, Tompkinsô sedge, is listed as a rare species under the California 

Endangered Species Act), and one species is under review for federal endangered listing (Pinus 

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 considered imperiled or vulnerable in the state by the 

California Department of Fish and Gameôs California Natural Diversity Database (CNDDB 

2010a).
4
 There are an additional 66 taxa not formally listed by CNDDB that are recognized as 

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

plants are distributed throughout the two parks and inhabit a wide range of environments along the 

length of the elevation gradient that characterizes these parks.   

 

Ideally, we would 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 on each species 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 time information, the data are not adequate to make a 

1
 Calculated in ArcGIS using boundaries of Sequoia and Kings Canyon National Parks and approximate 

boundaries of The Jepson Manual geographic subdivisions (23). 

2 
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.  

3
 The terms taxa, plants, and

 
species are used interchangeably in this report for easier reading.   

4 
These taxa are also included in the California Native Plant Societyôs Inventory of Rare and Endangered 

Plants in California (CNPS 2010). 
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competent assessment. Note that we have not explored the tree demographic information in any 

detail, as is covered in the NRCA Intact Forest/Five Needle Pines and Sequoia chapters. In 

general, we are unable to present an óintegrityô metric for special status species in the parks, 

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 parks. Therefore, 

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 managers 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 stressors chosen by the NRCA working 

group, using both park data 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 then compiled from all known sources in order to provide a comprehensive 

view of where special status plants have been documented and, ultimately, to enable the most 

informed determinations of areas in the parks that potentially support the highest number of rare 

and endemic taxa. These óhot spotô analyses are presented by geographic region, vegetation type 

and elevation.  

 

For these and other analyses presented in this report, we place more focus on summarizing 

findings for the herbaceous and shrub special status taxa 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/Five-needle Pines. We do, however, present their mapped distributions and 

provide overviews of research related to the special status tree taxa in the Stressors section of this 

report.  
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Critical questions  

 

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

 

2. What is the 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. Land use/fragmentation 

Proximity to trails, roads and other infrastructure 

Stock use in meadows 

3. Climate change 

4. Invasive species 

5. Altered fire regimes 

Fire return interval departure analysis 

Fire effects literature review 

 6. Disease paradigms 

 

Data sources and types used in analysis  

Data sources used to determine the special status plants in SEKI 
Evaluation of the condition of special status plants begins with development of the list of taxa1 of 

interest. The criteria for this analysis include taxa known to occur in the parks that meet at least 

one of the following categories: 

 

1. Rare or threatened plants 

¶ Listed, candidate, or proposed species for threatened, endangered or rare status 

under the California or federal Endangered Species Acts 

¶ Species included in the California Native Plant Societyôs Inventory of Rare and 

Endangered Plants (CNPS Inventory) 

¶ U.S. Forest Service Sensitive plants or plants otherwise listed as special status by 

Forests adjacent to SEKI (Inyo, Sequoia and Sierra National Forests and Giant 

Sequoia National Monument) 

¶ Species ranked as critically imperiled, imperiled or vulnerable in the state by the 

California Department of Fish and Gameôs California Natural Diversity Database 

(CNDDB) list of Special Plants 

¶ Bryophytes meeting any of the above criteria  

2. Regionally endemic plants  
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¶ Sierra Nevada endemics 

¶ Southern Sierra Nevada endemics 

¶ Local endemics (geographic range restricted to within 8 kilometers of SEKI) 

 

Please refer to Appendix A for the special status plant list; Appendix B for additional 

information regarding the revision process; and Appendices C and D for descriptions of CNPS 

and CNDDB rarity and threat rankings. 

 
SEKI flora 

The SEKI Vascular Plant Checklist (1) was the primary resource used to identify vascular plant 

taxa known to occur in Sequoia and Kings Canyon National Parks. Following 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 University and Jepson Herbaria at the University of 

California at Berkeley or other recognized institution) were retained on the checklist. As SEKI 

has not identified taxa on the checklist that are known only from historic data, plants that lack 

recent documented occurrences are also included. 

 

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 the University and Jepson Herbaria at the 

University of California, Berkeley. Because the update was not conducted by re-examining the 

actual plant specimens, the checklist could be considered a ñmost likelyò translation from Munz 

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 only non-governmental organization included in this 

category is the California Native Plant Society (CNPS). CNPS rare and endangered plant listings 

are regularly reviewed by Rare Plant Review groups, which include botanical experts from 

government, academia, non-governmental organizations and publications.  

 

CNPS Lists: CNPS designations were obtained from the California Native Plant Societyôs 

Inventory of Rare and Endangered Plants (CNPS 2010). Please see Appendix C for a description 

of the California Native Plant Societyôs Inventory of Rare and Endangered Plant lists and 

ranking criteria.   

 

CNDDB State and Global Rankings: We referred to the California Department of Fish and 

Gameôs Natural Diversity Databaseôs quarterly publication, ñSpecial Vascular Plants, 

Bryophytes, and Lichens Listò (CNDDB 2010a) to identify taxa on the SEKI Vascular Plant 

Checklist that are tracked as vulnerable or imperiled by the CNDDB. These species are referred 

by the CNDDB as óspecial plantsô. The CNDDB gives 1) global and state rankings; 2) federal 

1
1Note, the list of plants in SEKI that are recognized by the CNPS Inventory of Rare and Endangered 

Plants (2010) is identical to those recognized as óspecial plantsô by the CNDDB (2010a). In addition, 
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.  
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and state designations, including information on whether a given species is federally or state 

listed as threatened, endangered or candidate under state or federal Endangered Species Acts or 

other agency-determined status (USFS Sensitive or BLM Sensitive); and 3) CNPS List status.  

Please refer to Appendix D for a description of the California Natural Diversity Database 

including criteria for global and state rankings. 

 

Other Federal Status: We used the U.S. Fish and Wildlife Serviceôs (USFWS) Species Reports 

website to confirm federal status as recorded by the CNDDB and to annotate species with other 

federal designations not tracked by the CNDDB, including USFWS Species of Concern and 

Species of Local Concern (USFWS 2010). We acquired the sensitive plant lists from National 

Forest lands adjacent to SEKI (Sequoia, Inyo and Sierra National Forests and Giant Sequoia 

National Monument) to seek additional USFS Sensitive taxa known to occur in the parks that 

might not be tracked by the CNDDB.   

 

Rare Bryophytes: Bryophytes consist of three groups of non-vascular plants: mosses 

(Bryophyta), hornworts (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 publication of the 

sixth edition of the California Native Plant Societyôs Inventory of Rare and Endangered Plants of 

California in 2001, not enough was known about the distribution of California bryophytes to 

assess species rarity. Bryophytes are thought to be highly important in the function of 

ecosystems. They 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 extirpation. Bryophytes 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 studies (CNPS 2001).   

 

Relative to the 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 Monitoring Wetland Ecological 

Integrity Surveys (20); James Shevockôs personal dataset which includes records of specimens 

collected by him and others (6); CNDDB (2010b); and the SEKI Herbarium holdings (1). All of 

the bryophyte records from these sources were compiled into a single database and attributed 

with CNPS, state, federal, USFS and CNDDB global and state rankings.  

 
Regionally endemic plants 

Endemism is commonly viewed as an important criterion for assessments of the conservation 

value of an area (Tchouto et al. 2006, Shevock 1996). Inclusion of Sierra Nevada and southern 

Sierra Nevada endemics adds taxa to the special status plant list that may not necessarily be rare 

on a statewide basis but because of their limited geographic distribution may be more vulnerable 

than widespread species. The long-term 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 methods, with vouchered 

herbarium specimen records or the published expert opinion of a botanical specialist or 

biogeographer (Thorne et al. 2009). The website CalFlora (2011) considers a wide variety of data 

sources to map species extent by county, including herbarium records, non-vouchered 
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documented records confirmed by an expert, reported records (not confirmed by an expert), and 

indirect records such as botanical literature. Some studies narrow the frame of reference much 

more by relying solely on georeferenced herbarium specimens (e.g. Loarie et al. 2008). 

Herbarium records provide the highest degree of confidence for identification and spatial 

precision (Thorne et al. 2009). However, plant ranges determined by botanical experts are 

thought to more accurately describe the geographic range of a species than herbarium records 

alone (Gaston 1991, Gaston 2003).  

 

We used geographic range data from The Jepson Manual 2
nd

 edition (Baldwin et al. in press) to 

identify Sierra Nevada and southern Sierra Nevada endemics. These data were acquired for all 

plants on the SEKI Vascular Plant Checklist on October 19, 2010 from Richard Moe, Manager 

of Collections Data at the University and Jepson Herbaria, University of California, Berkeley. 

These range assessments represent the expert opinion of authors in The Jepson Manual 2
nd

 

edition, and rely more heavily on knowledge of vouchered specimens than in the first edition 

(University of California Berkeley, Richard Moe Manager of Collections Data at the University 

and Jepson Herbaria, personal communication, 23 June 2010). The geographic range units, or 

bioregions, are described and mapped in The Jepson Manual (Hickman 1993). 

 

Sierra Nevada endemics, as defined in this study, are plants with native distributions that are 

thought to be restricted to the Sierra Nevada bioregion. Southern Sierra Nevada endemics are 

those that are thought to be restricted to the southern Sierra Nevada foothills and/or southern 

High Sierra Nevada bioregions. We recorded possible range extensions beyond the Sierra 

Nevada or southern Sierra Nevada bioregions. These are specimens catalogued in the 

Consortium of California Herbaria (CCH 2011) database that were collected outside of the 

speciesô reported range and have not yet been verified by authors of The Jepson Manual 2
nd

 

edition. Thus, possible range extension data can be used to provide a measure of uncertainty for 

endemism assignments (see Uncertainty in Analysis section).  

 

We defined locally endemic as plants with geographic ranges thought to be restricted to within 

eight kilometers of the parks. We initially intended to include only SEKI endemics, but based on 

our research none in the SEKI flora have ranges solely limited to the parks. We chose an eight 

kilometer (five mile) buffer around the parks because this distance best fit the extent of the range 

of plants that are nearly endemic to Sequoia and Kings Canyon National Parks.   

 

The process of determining which plants are locally endemic was iterative. Since 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 restricted to either the southern or central Sierra 

Nevada bioregions or both. First, we narrowed this list of plants by eliminating any taxa that are 

recorded as occurring in Yosemite National Park according to the Yosemite Vascular Plant 

Checklist (7). From this subset, we removed taxa with vouchered specimens in CCH collected 

from counties farther than eight kilometers from the parks (e.g., Madera, Kern, Tuolumne, and 

Mariposa Counties). For the remaining taxa, we investigated specimen collection locations with 

paper and digital maps (Google Earth (2010), USGS topographic map (26), Sierra National 

Forest (2003), Inyo National Forest (2002), Sequoia National Forest (2001), and Sequoia and 

Kings Canyon National Parks and Vicinity (1996)) and measured the approximate distance from 

the parksô boundaries.  
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The locally endemic list could be considered conservative. Some of the older vouchered 

specimens farther than eight kilometers from SEKI may no longer represent extant populations.  

Almost all specimens in this final subset that were located farther than eight kilometers from the 

parks had been collected after 1960, with one exception. Ivesia campestris was most recently 

collected in 1916 at Mojave Lake in Inyo County. Since this collection is so old and since we 

could not find a more recent observation for this locality, we decided to retain this species on the 

list of locally endemic taxa. Notes from the endemic research are recorded in the SEKI NRCA 

special status plants database (21).    

 
Taxonomic and nomenclatural changes 

This study took place in the midst of great change in California vascular plant taxonomy with the 

impending publication of the second edition of The Jepson Manual. We checked for taxonomic 

and nomenclatural changes to taxa in the SEKI flora (1) using the latest available dataset to be 

published in The Jepson Manual 2
nd

 edition, provided by Richard Moe, Manager of Collections 

Data at the University and Jepson Herbaria at University of California, Berkeley (most recently 

provided on October 18, 2010). In some cases we also contacted the author for the treatment of 

the species in question. We used several online sources including the Jepson Interchange (2010), 

the USDA PLANTS database (2010), and the Integrated Taxonomic Information System (ITIS) 

(2011) to record synonyms in whole in order to perform complete comparisons with other 

datasets (USFS species lists, the 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 listed as rare or endangered that have been 

subsumed into non-listed 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 abundance of 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 and non-park data (Table 1). To describe the 

spatial distribution of special status trees in the parks, we used the SEKI Vegetation Map (24). 

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 classified by survey 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 species 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 highest number 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 the SEKI NRCA project (28). All files and datasets used in this report are included in 

the Literature Cited section. 
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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 

Type 

Plots, Transects, or Specimens Number of 

Special Status 

Plant 

Observations 
  

Total 

Number with Special 

Status Plants 

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 

Shevockôs Bryophyte Collections* SS 11 11 11 

  5709 2648 3496 

 

Notes regarding Table 1: Table 1 lists only those data used in analysis. *There are also bryophyte observations in the CNDDB 

database and the Wetland Ecological Integrity Monitoring plots. However, the Wetland Ecological Inventory Monitoring plots did not 

include observations of any special status bryophytes. CNDDB records of special status bryophytes are contained in Shevockôs 

Bryophyte Collections. 



 

9 

 

The numbers of special status plant observations shown in the last column of Table 1 are the 

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

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 order to more 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 Holdings that were duplicated in NPSpecies were removed. Bryophyte coordinates in 

CNDDB that were duplicated in Shevockôs dataset were also removed. Due to time constraints 

no other duplicate records were removed. We have not quantified the extent of duplication for 

species among datasets, but our work with a subset of twelve special status taxa indicate that it 

could be a substantial. Therefore, we believe it would be inaccurate to report number of 

occurrences by simply counting the number of observations for each 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 cannot be accurately 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 records had the exact same coordinates) 

with vague localities such as ñfrom Sequoia National Parkò but collected by different people and 

different times, but generally before 1930. A small number of records from CCH were also 

removed when the derived coordinates for CCH records 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 

labeled by CNDDB as ñpresumed extantò, so none were filtered due to ñextirpatedò or ñlikely 

extirpatedò status. 

 

No records were removed because they were historic. Therefore, the distribution of special status 

plants presented in this report represents a best case scenario, as some of the older 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.  

 

Sample points 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 National Park that are not near roads 

or trails have not been surveyed. 
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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 Types: Systematic surveys have been undertaken since the 1980s to 

describe the distribution of vascular plants in Sequoia and Kings Canyon. The most wide-ranging 

surveys, in terms of both geographic 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 test the 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 efficiency and cover a broad 

geographic range of slope, elevation, and aspect classes in the parks (15). Oneïtenth hectare 

circular plots were located at one kilometer Universal Transverse Mercator (UTM) grid 

intersections, with plot center randomly placed within a 100 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 vegetation or 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 a wide 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 composition (including 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 plots, Rapid Assessment plots and Accuracy Assessment 

plots. (Full plots are comprehensive type surveys; Rapid Assessment and Accuracy Assessment 

plots are rapid assessment type surveys.) These plots are associated with data collected from 

2000 to 2007 to produce a vegetation 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 vegetation classification 

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 m
2
 in area in forests, 400 m

2
 in shrubland, 100 m

2
 in grassland, and 100 m

2
 

in dwarf-shrub heath communities. Accuracy Assessment plots mirrored the minimum mapping 

unit with an area of 0.5 hectares (12). Rapid Assessment and Accuracy Assessment survey plots 

were sampled to train and test the accuracy 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 Ecological Integrity surveys sampled wet meadows and fens excluded from grazing by 

pack animals. These surveys recorded total species composition and tree tally in 100 m
2
 

macroplots. Cover of vascular plants and bryophytes and bryophyte richness were sampled in 

smaller plots nested in the macroplot (20). These 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 Species 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 (0.0625 m
2
 in area) per plot (one plot per grazed 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 (Webster and Halpern 2010). Fuels, 

vegetation and fire related data are recorded pre and post fire and in control plots placed in shrub 

and forest vegetation communities. Plot sizes and sampling area of herbaceous vascular plant 

species composition vary by vegetation type and by year as the sampling protocol changed over 

time (Sequoia and Kings Canyon National Parks, Tony Caprio, Fire Ecologist, personal 

communication, 17 February 2011). Although species composition is taken in belt transects 

within the plots, the data used in this report only includes the species composition data that was 

recorded along the point-intercept transect placed in the middle of the belt transect due to the 

availability of the data at the time of this report.  

 

Rapid Assessment Survey Types: The Vegetation Map Rapid Assessment and Accuracy 

Assessment survey plots, which 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 rust in the parks. Vegetation sampling in these plots included trees associated with white 

pine blister rust and shrub species in the genus Ribes, which serves as the alternate host for white 

pine blister rust (Duriscoe and Duriscoe 2002). 

 

Vankat/Roy Vegetation 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 only (Roy and Vankat 1999). 

 

Single Species Surveys: The 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 Brennan and Inventory and Monitoring (I&M) 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 Diversity Database (CNDDB) is included in Appendix D. 

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. Please see the 

CCH website at ucjeps.berkeley.edu/consortium for the full list of participating herbaria. 

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

largest contribution of bryophyte observations came from James Shevockôs (California Academy 

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 Fish and Game Natural Diversity Databaseôs 

(CNDDB) quarterly publication, ñSpecial Vascular Plants, Bryophytes, and Lichens Listò 

(October 2010) to assign global(G-rank) and state (S-rank) imperilment designations (described 

in Appendix D) for all taxa on the SEKI Vascular Plant Checklist that are tracked by the 

CNDDB. We obtained CNPS list designations (described in Appendix C) from the California 

Native Plant Societyôs Inventory of Rare and Endangered Plants (CNPS 2010). 

 

Please refer to the section ñData sources used to determine the special status plants in SEKIò for 

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 studies were not designed to track 

changes in the status of special status plants. Plot locations and survey protocols were not 

identical among studies (i.e., plots were not re-visited from one study to the next), making any 

inference about changes through time suspect. A broad 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 

assessment of special status plant populations in SEKI: the Norris and Brennan Surveys 

conducted in the 1980s and the Inventory and Monitoring (I&M) Special Status Plant Surveys 

conducted in 2003-2004. These are the only surveys conducted in the parks to date that 

specifically targeted special status plants. Please refer to the Reference condition section of this 

report for a description of the surveys. There are twelve special status species that were visited 

during both time periods that are included in this assessment (Table 2). Limitations of these data 

for application to an assessment of ñtrendsò are described in the Temporal analysis section of this 

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 

or State 

CNPS 

List 

State 

Rank 

Global 

Rank 

Endemic 

Region 

Astragalus ravenii Ravenôs milkvetch -/- 1B.3 S1.2 G1Q Southern Sierra 

Carex tompkinsii Tompkinsô sedge -/Rare 4.3 S3.3 G3 Sierra Nevada 

Draba cruciata Mineral King draba -/- 1B.3 S2.3 G2 Southern Sierra 

Erigeron aequifolius Hallôs daisy -/- 1B.3 S2.3 G2 Southern Sierra 

Erigeron nudum var. 

murinum 

mouse buckwheat -/- 1B.2 S2.3 G5T2 Locally Endemic 

Erythronium pusaterii Kaweah fawn lilly -/- 1B.3 S2.3 G2 Southern Sierra 

Lupinus culbertsonii ssp. 

culbertsonii 

Hockett Meadows 

lupine 

-/- 1B.3 S1.4 G3?T1 Southern Sierra 

Mimulus norrisii Kaweah monkey 

flower 

-/- 1B.3 S2.3 G2 Southern Sierra 

Oreonana purpurascens Purple mountain-

parsley 

-/- 1B.3 S3.2 G3 Southern Sierra 

Carlquistia muirii Muirôs raillardiopsis -/- 1B.3 S2.3 G2 -- 

Streptanthus fenestratus Tehipite Valley 

jewelflower 

-/- 1B.3 S2.3 G2 Locally Endemic 

Streptanthus gracilis Alpine jewelflower -/- 1B.3 S3.3 G3 Locally Endemic 

 

The I&M Special Status Plant Surveys draft species accounts provide comprehensive accounts of 

the plants that are included in this assessment of change (Haultain et al. 2004). These accounts 

include taxonomic description, distribution, habitat, associated plant species, associated 

vegetation communities, and condition of the populations that were visited (number of plants, 

phenological stage, appearance, and apparent threats to the populations, if any). Accounts also 

include recommendations for locations of future surveys and photographs of the plants taken in 

the field. The Norris and Brennan reports (Norris and Brennan 1982, Norris 1984) are similarly 

comprehensive species accounts of the plants included in their surveys. The habitat and 

distribution information presented in Appendix A come from these and other sources (CNDDB, 

CCH, CalFlora, Jepson Interchange, and CNPS Inventory) and provide current conservation 

status and knowledge of the speciesô geographic distribution in 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 Plant Surveys 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 followed the CNDDBôs approach to define an occurrence as ñany 

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

other populationò (CNDDB 2010a).  

 

For all other special status herbaceous plants, we estimated the relative rarity for each species in 

the parks by overlaying a grid of equal-area 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 Spatial analysis section for more 

information about methods. 

 

Data sources used to determine what is known about the NRCA-Identified 
stressors on special status plants 
We combined literature searches with data from Sequoia and Kings Canyon National Parks to 

describe the potential effect of each of the 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 

earlier survey reports (I&M and Norris and Brennan Special Status Plant Surveys) as well as 

available spatial information. For stock use, we examined the Paired Meadow Species 

Composition data and consulted with the Meadows team of the SEKI NRCA project. For 

invasive species, we referred to the Invasive Species focal resource chapter of the SEKI NRCA. 

For fire, we referred to the available literature and the SEKI Fire Return Interval Departure 

(FRID) layer. For the Disease Paradigms stressor, we consulted the limited 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 SEKI special status plants list was largely compiled in 2003 by Jones & Stokes, an 

environmental consulting company. Under contract with the NPS Inventory and Monitoring 

Program (I&M), the company was tasked to develop a list of special status plants and a survey 

strategy for SEKI as well as the other units of the Sierra Nevada Network (Yosemite National 

Park and Devils Postpile National Monument). This effort was part of the I&M  programôs 

initiative to develop 12 essential datasets for all national park units. The definition of special 

status included state or federally listed species, USFS listed sensitive species, CNPS listed plants 

(CNPS Lists 1 to 4), and plants with limited distribution in California. Jones & Stokes also 

developed a habitat model to predict special species locations and help prioritize future survey 

locations.  

 

As now, there were no federally or state listed threatened or endangered plants known to occur in 

Sequoia and Kings Canyon National Parks in 2003. The list that Jones & Stokes compiled 

included 185 species, of which 136 were documented as occurring in the parks and 49 were 

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 species that were not on the original Jones 

and Stokes list, Brodiaea coronaria and Eschscholzia hypecoides. However, 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 2011), Sequoia and Kings Canyon vegetation datasets (see Data 

sources used to determine the special status plants in SEKI section of report), the California 

Natural Diversity Database Rarefind program (CNDDB 2010b) or CalFlora (2010). Appendix B 

gives additional information about the special status plant list revision process.  

 
SEKI flora 

The basis for determining the list of special status plants is dependent upon knowledge of the 

Sequoia and Kings Canyon National Parksô flora. Based on expert opinion, the Sierra Nevada 

Network Working Group (2001) estimated that 90% of the vascular flora in SEKI has been 

documented. Please see the Data sources section for information on the extent and limitations of 

knowledge of the flora in the parks. 

 

Existing knowledge in SEKI: Special status plant surveys  
 
Norris and Brennan special status surveys - 1980s 

Larry L. Norris and David A. Brennan led the first surveys targeting special status plant species 

in the parks during the early 1980s (Norris and Brennan 1982, Norris 1984). They set out to 

inventory all known populations of special status plants in the parks and to find additional 

populations. Surveys for the 1982 report were conducted from April-September 1980 and May-

September 1981. Search areas included both parks but their efforts were largely limited to trail 
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corridors. Large portions of the northern and central Kings Canyon, where trail access is limited, 

remained unsurveyed (4).   

 

Their 1982 report is a detailed two-volume report containing locations, habitat descriptions, 

professional line drawings, population endangerment factors, and management recommendations 

for 30 special status species. Fourteen were candidates for listing as federally threatened; ten 

were unlisted but considered unique or rare in the parks; and six species were not known to occur 

in the parks but were considered rare, unique, or federally listed candidate species that were 

expected to occur in SEKI (Norris and Brennan 1982). 

 

In an update given in 1984, Norris reported that the number of special status plants in SEKI had 

shrunk from 30 to 14, due to a significant reduction in the number of USFWS-listed candidate 

threatened species. Only six species were still candidates for federal threatened listing. Many of 

the taxa that had lost candidate status were removed because of the additional populations that 

Norris and Brennan had reported in their 1982 report and soon after (Norris 1984).  Between July 

1982 and March 1984 Norris and others found an additional 40 sensitive plant populations. From 

these surveys, two new rare plant species were found, a newly described species Mimulus 

norrisii (Kaweah monkeyflower), and a desert fern limestone lithospecific species Notholaena 

jonesii (Jonesô false Cloak fern, current name Argyrochosma jonesii).  

 

At the time of these reports, there were no federally listed threatened or endangered species 

known or expected to occur within the parks. Based on their evaluations, the authors concluded 

that none of the sensitive plant species faced serious threats in the parks. 

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

The Inventory and Monitoring (I&M) program funded field surveys in 2003 and 2004 to revisit 

and document known populations of CNPS List 1B plants in SEKI, since 1B plants are 

considered rare throughout their range and represent the highest level of rarity represented in the 

SEKI flora (see Appendix C for details). Field botanists revisited a majority of the populations 

documented by the Norris and Brennan surveys and also explored new ground that had not been 

previously systematically searched. These searches resulted in newly discovered special status 

plant populations. Like the Norris and Brennan surveys, the I&M special status plant surveys 

documented for each population its location, estimated number of plants, total area, percent in 

flower or in fruit, general appearance and any potential or immediate threats (such as trampling 

by hikers, trail, or road work). Unlike the Norris and Brennan surveys, the I&M surveys also 

documented their search areas and population extents using GPS technology. 

 

These two sets of surveys comprise the bulk of SEKIôs data directed at special status plant 

populations. The technical reports from the Norris and Brennan surveys summarize results of 

their surveys for 24 of the 147 plants on the NRCA special status plants list (Norris and Brennan 

1982 and Norris 1984). The summary report for the I&M Special Status Plant Surveys has not 

yet been finalized, but draft species accounts have been prepared for all 15 taxa targeted for 

survey, all of which are on the NRCA special status plants list (Haultain et al. 2004). Twelve of 

these species were also surveyed by Norris and Brennan (see Table 2). In general, the same 

population was not revisited more than once between these two datasets. These data provide a 

glimpse of the condition of twelve special status plants between the two 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 2003, and 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 Vegetation Map plots. They also produced a map of special status 

plant locations, using the comprehensive surveys and other sources including CalFlora, databases 

from Dana Yorkôs thesis on the Kings River Flora, the SEKI Herbarium database and the Norris 

and Brennan surveys. 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 vegetation type in the 

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 

parksô vegetation map. For this reason, they only used plot locations from the Natural Resource 

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 vegetation type) 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 types.  Meadows, wetlands, and 

riparian habitats were sampled disproportionately more than their relative coverage in the parks 

and lodgepole pine and montane chaparral habitats were sampled relatively less. However, they 

found this to be reasonable ecologically, arguing that wetlands potentially support 

disproportionately more special status species while lodgepole pine and chaparral support fewer 

than their relative areas in the parks might 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 plants (with the exception 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 landscape-level 

planning efforts. They noted however that ñadditional surveys are warranted to inventory the 

existing populations, determine species distributions in the parks, and locate additional 

undocumented populationsò.  

 

It is worth noting that vegetation types attributed to each special status species were not based on 

vegetation types attributed to the sample plots in which species were found, nor a link made 

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

based on habitat matrices that were developed from narrative habitat descriptions for each 
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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 plant species in order to prioritize 

survey efforts. As a demonstration, they developed habitat models for five species: Ramshaw 

Meadows abronia (Abronia alpina), Kaweah brodiaea (Brodiaea insignis), Tompkin's sedge 

(Carex tompkinsii), Springville clarkia (Clarkia springvillensis), and Tulare County bleeding 

Heart (Dicentra nevadensis). Two of these taxa (Kaweah brodiaea and Springville clarkia) are 

not known to occur in the parks, but were chosen as likely candidates for focused surveys. They 

note several limitations of such an approach: lack of adequate habitat information for a given 

species, potentially inadequate resolution of the parkôs vegetation map, and lack of spatial data 

for certain habitat attributes (e.g., the parks currently lack a soils map). Nonetheless, they felt 

that such modeling would be valuable given limited resources and suggested improvements 

through ñan iterative process of data collection and model revisionò (Jones and Stokes 2003). 
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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 2b-d show the mapped distributions of the special status tree species 

in the parks. Abies magnifica var. 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).  


















































































































































