State of California
Natural Resources Agency
Department of Fish and Wildlife

REPORT TO THE FISH AND GAME COMMISSION
STATUS REVIEW OF SHASTA SNOW-WREATH (Neviusia cliftonii)

November 2021

Shasta snow-wreath (Neviusia cliftonii), CDFW photo by Cherilyn Burton

Charlton H. Bonham, Director
Department of Fish and Wildlife




TABLE OF CONTENTS

LIST OF FIGURES ... .ottt ettt e e et e et e e e e e e e e nba e e e ennreeeanneas i
LIST OF TABLES ... oottt ettt e et e e et e e st e e e et e e e snnee e e enneeeeaneeeeenneas i
LIST OF APPENDICES. ...... .ottt et e et e e s e e eneeas i
LIST OF ABBREVIATIONS, ACRONYMS AND TERMS.........oooiiii e iv
EXECUTIVE SUMMARY. ...ttt ettt et e et e e et e e s snsae e e enbeeaeenseeeeanneas v
1\ I O 1 1 1 I ] S 1
PetitioN HISLOMY ..o e e e e e e e e e e e e e e e e eaanas 1
SEAUS REVIEW ...ttt e e e e e et e e e e e s et e e e e e e snsaeeaeeeennnneeeeeeans 2
Notification, Information Received, and Peer ReVIEW ..........cccceeeeeiiiiiiiiiiiiiiiieeee, 3

= [ 71K 1 SRR 3
SPECIES DESCIIPLION ...eeiiieeeeeiee e e e e e e e e e e e e s e s e e e e e ennnneeeaeans 3
IR 7o 1 0 V2P SRPEPRR 4
Range and DistribULION .........ooii i e 6
LITE HISTOTY ..t 8
L= T TSP 9
SIMIlAr-IooKiNG PIANTS ...t 12
Habitat that may be Essential to the Continued Existence of the Species................... 12
Vegetation COMMUNITIES ......oouiiiiiii e 14
GeOlogy @nNd SOIlS.......cueeieiee e e 16
Climate, Hydrology, and other factors ... 16
ABUNDANCE AND POPULATION TRENDS........co et 18
FACTORS AFFECTING THE ABILITY TO SURVIVE AND REPRODUCE.................... 19
Genetics, Reproductive Challenges, and Restricted Range ..........cccooceiviiiieinieenee 19
Habitat Modification and DestrucCtion ... 21
INVASIVE SPECIES ..oveiiieieiteiee ettt e e e e e e e e e e e e e br e e e e e e eeeannneeaeeanans 26

(O [0 0= 1 L3 0 1 =T o o =SSP PPRPTRR 29
Altered Fire REGIMES ......eeiiiiiieie e e e e e e e e e e e e e e nneeas 31
REGULATORY AND LISTING STATUS ...ttt 32
FEABTAL ... . e e e e b e e e s e r e e e e e 32
=1 (SRRSO 33



Natural Heritage Program RanKing ........cccoeioiiiiiiiiiiiiieee e 33

California Rare Plant RaNK ............cueiiiiii o a e 34
EXISTING MANAGEMENT EFFORTS ...t 34
National FOorest Service Lands .........oooceiiiiiieiiiiiee e 34
1Yo a1 (o] T oo [P PP PUPPTPRR 35
SCIENTIFIC DETERMINATIONS REGARDING THE STATUS OF SHASTA SNOW-
WREATH IN CALIFORNIA ...t 36
Present or Threatened Modification or Destruction of Habitat...............ccccooeeennis 36
(@ V7= = o] 71 ¢= 1o SRS 37
Predation....... ..o e e e e e e e e e nnneeeeeeaaa 37
(07010 ] 011 111]0] o H U RRRORSPOPP 37
DISBASE ... eeeeee et e e e e e e e —a e e e e e e naeeeeeeaanneeeeeeeaanneeeaeeans 38
Other Natural Occurrences or Human-related Activities ..........ccccoooeeiiiee e 38
SUMMARY OF KEY FINDINGS ...ttt e e 39
RECOMMENDATION FOR PETITIONED ACTION.......coiiiiee e 40
PROTECTION AFFORDED BY LISTING .....ooiiiiiiie e 41
MANAGEMENT RECOMMENDATIONS AND RECOVERY MEASURES..................... 42
ACKNOWLEDGEMENTS ...ttt e et e e s e e e e e e nae e e e nnneas 43
I O 1 O I R 43
T = (1] = SRRSO 43
Personal CommuUNICAtION ........oooi e e e eee e 56



LIST OF FIGURES

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.

Photographs of Shasta Snow-wreath (Neviusia cliftonii)..............ccccoveeiincnnenn. 5
Distribution of Shasta Snow-wreath Populations ............cccccoooiiiiiiiii 7
Land Ownership of Shasta Snow-wreath Populations............ccccccccoeeiiinneennee. 8
Relationship of Ramets to Genets .........cc.oeeiiiiiiiiiii e 10
Shasta Snow-wreath and Similar LOOKING SPeCIes .........cccevviiiiiniieeiiiiieeeee 13
Shasta Snow-wreath Habitat ... 15
Shasta Snow-wreath Population at Waters GulCh..........cccccoeiiiiiieeiiiiieen. 27
INVASIVE SPECIES. ...ueiiiieiiiiiiiie et e et e e e e e e e e e sneer e e e e e snnnneeeeeeaas 28

LIST OF TABLES

Table 1. Status ReVIieW Per REVIEWETS ...t 3

Table 2. Number of Genets Compared to Ramets at Shasta Snow-wreath Populations

Sampled in DeWoody et al. (2012). ..o 11
Table 3. Direct Impacts to Shasta Snow-wreath Populations from the Proposed Project
tO RaiSE Shasta Dam ... e 23

LIST OF APPENDICES

APPENDIX A. Summary of Shasta Snow-wreath Populations and Threats
APPENDIX B. Comments from Affected and Interested Parties on the Petitioned Action

APPENDIX C. External Peer Review Invitation Letters and Comments from Peer
Reviewers on the Shasta Snow-wreath Status Review Report



LIST OF ABBREVIATIONS, ACRONYMS AND TERMS
CEQA - California Environmental Quality Act

CESA — California Endangered Species Act

CNDDB - California Natural Diversity Database

CNPS - California Native Plant Society

Commission — California Fish and Game Commission
CRPR - California Rare Plant Rank

Department — California Department of Fish and Wildlife
Occurrence — CNDDB Element Occurrence

Evaluation — Evaluation of a Petition from Kathleen Roche to List Shasta Snow-Wreath
as Endangered under the California Endangered Species Act

Id. — “the same”
NEPA — National Environmental Policy Act

Petition - Petition to the State of California Fish and Game Commission to List the
Shasta Snow-wreath (Neviusia cliftonii) as Endangered under the California
Endangered Species Act, dated September 30, 2019

SPI — Sierra Pacific Industries
Status Review — Status Review of Shasta Snow-wreath (Neviusia cliftonii)
subsp. — Subspecies

var. — Variety



EXECUTIVE SUMMARY

This Status Review of Shasta Snow-wreath (Neviusia cliffonii) (Status Review) has
been prepared by the California Department of Fish and Wildlife (Department) for the
California Fish and Game Commission (Commission) pursuant to the requirements of
the California Endangered Species Act (CESA). This Status Review has been
independently reviewed by scientific peers and is based upon the best scientific
information available to the Department.

Shasta snow-wreath is a deciduous shrub in the rose family (Rosaceae) that was first
discovered in 1992. Shasta snow-wreath is known from 26 California Natural Diversity
Database element occurrences (element occurrences) in the eastern Klamath Ranges
in Shasta County, California, near Shasta Lake. Shasta snow-wreath grows primarily in
riparian areas in the dense understory of shady montane hardwood-conifer and
ponderosa pine forests, and is also found in foothill pine-blue oak woodland habitat.
Shasta snow-wreath populations occur on limestone and a variety of substrates derived
from metamorphic and igneous rocks, such as shale, mudstone, and greenstone.

Little information is available on Shasta snow-wreath population trends, but it is
presumed that populations were larger and more connected prior to the construction of
Shasta Dam and the filling of Shasta Lake in the 1940s. Shasta snow-wreath is
threatened by competition with aggressive invasive plant species such as Himalayan
blackberry, French broom, and Scotch broom. Shasta snow-wreath is also limited in its
ability to reproduce, since it appears to be restricted to vegetative reproduction and no
seedlings of this species have been observed. Shasta snow-wreath has very low
genetic diversity within populations, which is typical of species that reproduce by
vegetative means, and populations seemingly comprised of hundreds to thousands of
plants could actually be comprised of clones of only a few genetically distinct
individuals. Populations with low genetic diversity are vulnerable to extirpation due to
changing environmental conditions and stochastic (chance) events.

Populations of Shasta snow-wreath are also threatened by the proposed project to raise
the height of Shasta Dam, which would raise the water level of Shasta Lake by 6.25 m
(20.5 ft), resulting in impacts to portions of half of the known element occurrences.
Shasta snow-wreath may also be affected by climate change, compounding the risk of
extirpation faced by populations with low genetic diversity. Shasta snow-wreath is
considered a relict species, or a “living fossil” remaining from a formerly more
widespread group whose close relatives have gone extinct, and the species may also
face a phenomenon called extinction debt. Extinction debt refers to the future extinction
of a species due to past disturbances from which it cannot recover. It can take a
considerable amount of time for a population or species to disappear following
disturbances such as habitat loss or degradation.



The information available to the Department regarding the status of Shasta snow-
wreath indicates that there are significant threats to the continued existence of the
species. In addition to evaluating whether the petitioned action to list the species as
endangered is warranted, the Department also considered whether listing as threatened
under CESA is warranted. Based on review of the best available scientific information,
the Department finds that Shasta snow-wreath, although not presently threatened with
extinction, is likely to become an endangered species in the foreseeable future in the
absence of the special protection and management efforts required by CESA. The
Department recommends that listing Shasta snow-wreath as threatened under CESA is
warranted at this time.

Vi



INTRODUCTION

This Status Review addresses Shasta snow-wreath (Neviusia cliffonii Shevock, Ertter &
D.W. Taylor).

Petition History

On September 30, 2019, the Fish and Game Commission (Commission) received a
petition (Petition) from Ms. Kathleen Roche to list Shasta snow-wreath as an
endangered species pursuant to the California Endangered Species Act (CESA; Fish &
G. Code, § 2050 et seq.).

On October 10, 2019, the Commission referred the Petition to the California Department
of Fish and Wildlife (Department) for evaluation.

On November 6, 2019, pursuant to Fish and Game Code section 2073.5, the
Department requested a 30-day extension of time to complete its evaluation report.

On November 22, 2019, as required by Fish and Game Code section 2073.3, the
Commission published notice of receipt of the Petition in the California Regulatory
Notice Register. (Cal. Reg. Notice Register 2019, No. 47-Z, p.1592,
https://oal.ca.gov/wp-content/uploads/sites/166/2019/11/2019-Notice-Register-Number-
47-Z-November-22-2019.pdf).

On February 3, 2020, the Department provided the Commission with a report,
“Evaluation of a Petition from Kathleen Roche to List Shasta Snow-Wreath as
Endangered Under the California Endangered Species Act” (Evaluation). Based upon
the information contained in the Petition, the Department concluded, pursuant to Fish
and Game Code section 2073.5(a), that sufficient information exists to indicate that the
petitioned action may be warranted and recommended to the Commission that the
Petition should be accepted and considered.

On April 16, 2020, at its scheduled public meeting via teleconference, the Commission
considered the Petition, the Department’s Evaluation and recommendation, and
comments received. The Commission found that sufficient information existed to
indicate the petitioned action may be warranted and accepted the Petition for
consideration.

Subsequently, on May 1, 2020, the Commission published its Notice of Findings for
Shasta snow-wreath in the California Regulatory Notice Register, designating Shasta
snow-wreath as a candidate species. (Cal. Reg. Notice Register 2020, No. 18-Z, p. 692,
https://oal.ca.gov/wp-content/uploads/sites/166/2020/05/2020-Notice-Register-Number-
18-Z-May-1-2020.pdf).



The Department promptly commenced its review of the status of the species as required
by Fish and Game Code section 2074.6. On April 14, 2021, the Commission approved
the Department’s request for a six-month extension to facilitate external peer review and
complete the status review, which has now concluded with this Status Review
document.

Status Review

Pursuant to Fish and Game Code section 2074.6 and California Code of Regulations,
title 14, section 670.1, the Department has prepared this Status Review to indicate
whether the petitioned action to list Shasta snow-wreath under CESA is warranted. An
endangered species under CESA is one “which is in serious danger of becoming extinct
throughout all, or a significant portion, of its range due to one or more causes, including
loss of habitat, change in habitat, overexploitation, predation, competition, or disease”
(Fish & G. Code, § 2062). A threatened species is one that “although not presently
threatened with extinction, is likely to become an endangered species in the foreseeable
future in the absence of the special protection and management efforts required by
[CESA]” (/d., § 2067).

Using the best scientific information available to the Department, this Status Review
includes information on each of the following components pursuant to Fish and Game
Code section 2072.3 and California Code of Regulations, title 14, section 670.1:
population trend(s); range; distribution; abundance; life history; factors affecting the
species’ ability to survive and reproduce; the degree and immediacy of threats; the
impact of existing management efforts; the availability and sources of information;
habitat that may be essential for the continued existence of the species; and the
Department’s recommendations for future management activities and other recovery
measures to conserve, protect, and enhance the species.

Specifically, this Status Review analyzes the best available science in order to
recommend whether the continued existence of Shasta snow-wreath throughout all or a
significant portion of its range is in serious danger or is threatened by one or a
combination of the following factors: present or threatened modification or destruction of
its habitat; overexploitation; predation; competition; disease; or other natural
occurrences or human-related activities. (Cal. Code Regs., tit. 14, § 670.1, subd.

((1)(A).)-

This Status Review was prepared by Cherilyn Burton in the Department’s Habitat
Conservation Planning Branch, Native Plant Program.



Notification, Information Received, and Peer Review

Following the Commission’s action to designate Shasta snow-wreath as a candidate
species, the Department notified affected and interested parties and solicited data and
comments on the petitioned action pursuant to Fish and Game Code section 2074.4
(see also Cal. Code Regs., tit. 14, § 670.1, subd. (f)(2)). Comments on the petitioned
action were invited via a general notification dated July 7, 2020, and a tribal notification
dated July 14, 2020. These notifications were distributed to tribes, owners and
managers of lands supporting Shasta snow-wreath populations, and other interested
individuals and organizations. The Department received one commentin response to
the general notification and one e-mail in response to the tribal notification. All
responses received are included in Appendix B to this report.

Pursuant to Fish and Game Code section 2074.6, the review process included
independent peer review of the draft status review by persons in the scientific and
academic community acknowledged to be experts on Shasta snow-wreath and
possessing the knowledge and expertise to critique the scientific validity of the Status
Review. Appendix C contains the specific input provided to the Department by the
individual peer reviewers, the Department’s written response to the input, and any
amendments made to the draft Status Review report (Fish & G. Code, § 2074.6; Cal.
Code Regs., tit. 14, § 670.1, subd. (f)(2)). Independent experts that reviewed the Status
Review are listed in Table 1, below.

Table 1. Status Review Peer Reviewers

Name Title and Affiliation

Julie Kierstead Forest Botanist 1989-2019 (retired), Shasta-Trinity National Forest

Len Lindstrand Il Botany Manager, Sierra Pacific Industries

Jane Van Susteren Regulations Coordinator/Senior Environmental Scientist, Board of
Forestry and Fire Protection

BIOLOGY
Species Description

Shasta snow-wreath is a deciduous understory shrub that grows to a height of
approximately 2.5 m (8.2 ft) (Shevock et al. 1992). It has erect, slender branches that
are rarely greater than 1 cm (0.4 in) in diameter. The bark of Shasta snow-wreath is
grayish near the base of the plant and reddish brown above, exfoliating in strips
(Shevock et al. 1992). Its oval to heart-shaped, coarsely-toothed, bright green leaves
are arranged alternately along the slender stems and are sparsely covered with stiff,
straight, appressed hairs that are approximately 0.4 mm (0.02 in) long (Shevock et al.
1992; Heikens and Ertter 2012). The inflorescence of Shasta snow-wreath is generally



comprised of three to five flowers arranged in an umbel-like cluster, meaning each
pedicel (i.e., flower stalk) seemingly radiates from a common point of attachment
without an evident axis or branches. The pedicels are 1-3 cm (0.4-1.2 in) long and are
very slender (approximately 0.3 mm wide). Shasta snow-wreath flowers are bisexual,
which means they contain both male and female organs in the same flower. Each flower
has approximately 50 showy white stamens (male reproductive structures) that are each
about 4-5 mm (0.2 in) long, and 2 to 6 pistils (female reproductive structures), each with
an ovary that is densely covered in white stiff, straight, appressed hairs. There are
sometimes one, two, or rarely three white petals present on the flowers that are 4-6 mm
(0.2 in) long, but the petals are usually absent (Shevock et al. 1992) (Figure 1). Shasta
snow-wreath flowers have 5 to 6 oval sepals that are 4-6 mm (0.2 in) long and are
irregularly few-toothed (Shevock et al. 1992; Heikens and Ertter 2012). The fruit is an
achene, which is a dry, indehiscent (not splitting open), one-seeded fruit from a one-
chambered ovary in which the fruit wall is free from the seed.

Taxonomy

Shasta snow-wreath was first discovered and described in 1992 and was added to the
genus Neviusia, which contains one other extant species, Alabama snow-wreath
(Neviusia alabamensis A. Gray) (Shevock et al. 1992; Taylor 1993; Heikens and Ertter
2012). The genus Neviusia is in the rose family (Rosaceae), which is a large family
containing 110 genera and approximately 3000 species worldwide (Potter and Ertter
2014). Neviusiais in the Kerrieae tribe of the rose family, which consists of Neviusia
and three other genera (Coleogyne, Kerria, and Rhodotypos) that each are comprised
of just one species (Brouillet 1993; Potter et al. 2007). The four genera are highly
distinct morphologically and are regarded as ancient relicts (Brouillet 1993; Stebbins
1993; Potter et al. 2007). A relict is a species or a group of species remaining from a
large group that is predominantly extinct (Grandcolas et al. 2014). Relict species, such
as Shasta snow-wreath, are of high value for conservation biology because they are the
only surviving representatives of a formerly more widespread group whose close
relatives have gone extinct, and they are often regarded as “living fossils” or remnants
of old times (Grandcolas et al. 2014).

Alabama snow-wreath occurs in several disjunct populations in the southeastern United
States and is considered rare throughout its highly restricted range (Long 1989;
NatureServe 2020). Both species of Neviusia are considered relict species descended
from a formerly widespread genus, and fossil evidence from Southern British Columbia
supports the ancient origin of the genus (DeVore et al. 2004).






Range and Distribution

Range is the general geographical area where an organism occurs. For purposes of
CESA and this Status Review, the range of a species is strictly its California range (Cal.
Forestry Assn. v. Cal. Fish and Game Com. (2007) 156 Cal.App.4th 1535, 1551).
Distribution refers to actual sites where individuals and populations of the species occur
within the species’ range.

Shasta snow-wreath occurs only in California in the eastern Klamath Ranges in Shasta
County at elevations from 328 to 540 meters (1075 to 1772 feet) (CNDDB 2021). The
total range covers approximately 650 square kilometers (250 square miles)
(NatureServe 2020). All known populations of Shasta snow-wreath are in the vicinity of
Shasta Lake, north of the city of Redding (Figure 2) (CNDDB 2021), and are found
within the Cow Creek, McCloud River, Pit River, Sacramento River, and Squaw Creek
watersheds (Jules et al. 2017).

As mentioned above in the Taxonomy section, Shasta snow-wreath is considered a
relict species descended from a formerly widespread genus (Shevock et al. 1992; Ertter
1993; DeVore et al. 2004, 2005). Relict species arise when much of a widespread
population becomes extinct, leaving behind small, isolated patches. The remaining
patches of the population evolve in isolation into distinct species with unique characters
(DeVore et al. 2005). Fossil evidence of a closely related plant species that is now
extinct (Neviusia dunthornei DeVore, Moore, Pigg & Wehr) from the Pacific Northwest
Eocene flora (56 to 33.9 million years ago) suggests that Shasta snow-wreath’s range

may have once extended as far north as British Columbia, Canada (DeVore et al. 2004,
2005; DeVore and Pigg 2007).

The current distribution of Shasta snow-wreath is documented in the California Natural
Diversity Database (CNDDB). The CNDDB documents plant taxa, animal taxa, and
natural communities that are of conservation concern within California and refers to
these taxa as “elements.” An “element occurrence” is a location record for a site which
contains an individual, population, nest site, den, or stand of a special status element.
Populations, individuals, or colonies that are located within 0.4 km (0.25 mi) of each
other generally constitute a single element occurrence, sometimes with multiple “parts”
(Bittman 2001). In some instances, parts of a single element occurrence could be
separated by topography or other landscape and habitat characteristics, but regardless
of the circumstances, all parts or populations that are within 0.4 km (0.25 mi) of each
other are grouped into the same element occurrence in the CNDDB. The CNDDB
records for Shasta snow-wreath were updated in June 2020. While there are currently
26 documented element occurrences of Shasta snow-wreath in the CNDDB, some of
these element occurrences consist of multiple parts, and are named as separate






populations in Table 2 for the purposes of this Status Review (Lindstrand pers. comm.
2020; 2021). See the table in Appendix A of this Status Review for more detailed
information on Shasta snow-wreath populations. The distribution of Shasta snow-wreath
populations is shown on Figure 2. Using available population area estimates, Shasta
snow-wreath populations cover an area of at least 106 ha (262 ac), and the majority of
the occupied areas are on U.S. Forest Service land (Figure 3). Data on area occupied
was not available for all populations of Shasta snow-wreath.

Land ownership

m USFS (68.4 ha/168.9 ac) M Private (30.8 ha/76.0 ac)

Figure 3. Land Ownership of Shasta Snow-wreath Populations
Area occupied by Shasta-snow wreath using available data. Some populations
are notincluded in these estimates because the information was not available.

Life History

Shasta snow-wreath is a deciduous shrub that produces new leaves in the spring,
generally flowers from April to May, and sheds its leaves in the fall (Heikens and Ertter
2012). The life history and ecology of Shasta snow-wreath has not been well-studied,
and little information exists on the basic demography of this species or its response to
common disturbances such as fire and herbivory (Jules et al. 2017). Little is known
about the reproductive biology of Shasta snow-wreath, its life-cycle stages, time to
maturity, or longevity of individual plants, but the available data suggests individuals are
likely long-lived (DeWoody et al. 2012). It is unknown if Shasta snow-wreath is insect- or
wind-pollinated. No pollinators have ever been documented and the blossoms lack
detectable scent (Ertter and Shevock 1993; Shevock 1993; Lindstrand et al. 2020),
although Department staff observed an iridescent blue-green beetle on an
inflorescence at CNDDB element occurrence 1 in May 2010, and unidentified beetles
were observed on flowers at CNDDB element occurrence 3 in 2021 (Lindstrand pers.
comm. 2021). Shasta snow-wreath produces fruits called achenes (dry, one-seeded
fruits), but the viability of any seeds is unknown. It is not known if the seeds are



produced from selfing (fertilization by pollen from the same plant) or from cross-
pollination (fertilization by pollen from another plant). No seedlings of Shasta snow-
wreath have been observed germinating in the wild, and germination attempts in
controlled settings have been unsuccessful (Ertter and Shevock 1993; Stebbins 1993;
Lindstrand et al. 2020). It is unknown if Shasta snow-wreath can reproduce by seed or
what the limiting factors are for seed germination, but it is presumed that reproduction
by seed is absent or exceedingly rare. Although Shasta snow-wreath occasionally
produces seeds, apparently from sexual reproduction, it is thought to reproduce
primarily vegetatively (i.e., asexually), with stems arising from the root system to form
large thickets of clones (Ertter and Shevock 1993; Jules et al. 2017). The closely related
Alabama snow-wreath has low seed viability and is known to reproduce only by
vegetative spread (Freiley 1994).

Genetics

Species that reproduce primarily by vegetative means, such as Shasta snow-wreath,
often exhibit very low genetic variability within populations (DeWoody et al. 2012). In
addition, there is greater potential for populations to be genetically distinct from each
other since species reproducing vegetatively generally have poor dispersal capability
(Ellstrand and Roose 1987; Silvertown 2008). For clonal species, the term “genet” is
used to describe a group of genetically identical individuals that all originate vegetatively
from a single ancestor. Each unit (seemingly individual plant) is referred to as a “ramet”.
Above ground, these ramets most often appear to be distinct individuals, but they may
all be clones of the same genet (Figure 4).

DeWoody et al. (2012) conducted a genetics study to investigate the number of genets
in Shasta snow-wreath populations, identified by allelic diversity at 17 loci. In this study,
21 populations from 17 Shasta snow-wreath element occurrences were sampled and
genotyped (DeWoody et al. 2012; CNDDB 2021). The results of the study indicated that
Shasta snow-wreath exhibits low genetic diversity across the species and within each
population. The results indicated that five populations of Shasta snow-wreath were
composed of a single genet each. The average number of genets per population was
3.14, and the maximum number of genets identified in a population was 15 (Table 2).
Some genotypes occurred in multiple populations (DeWoody et al. 2012). The lack of
genetic variation found within the populations is consistent with the typical vegetative
reproduction of this species (DeWoody et al. 2012).

The study also found that populations of Shasta snow-wreath have high genetic
differentiation between populations, with 85 percent of the genetic variance distributed
among the populations. The Fst (the level of genetic differentiation) between






populations was 0.8 in the study, which DeWoody et al. (2012) indicate is remarkably
high. The high genetic differentiation between Shasta snow-wreath populations is
typical for plants with limited seed or pollen dispersal mechanisms, and also indicates
limited gene flow among populations (DeWoody et al. 2012). Diversity in Shasta snow-
wreath is greater than that reported for the closely related congener, Alabama snow-
wreath, which was shown to contain only one genotype per population sampled in a
1994 study (Freiley 1994).

Table 2. Number of Genets Compared to Ramets at Shasta Snow-wreath Populations
Sampled in DeWoody et al. (2012).

CNDDB Population Name Estimated Population Size Genets
Occurrence # (Ramets) *
1 Cedar Creek Not available (thousands?) 6
2 Squaw Creek Not available 2
3 Ellery Creek 1000s 2
3 South of Ellery Creek | 1000s 4
(former EO #4)
5 Curl Creek 1729 4
6 Campbell Creek 1022 2
7 Low Pass 11,708 4
10 Cove Creek 1000s 4
10 South of Cove Creek | 1000s 4
11 Ripgut Creek 100 2
12 Stein Creek 716 to “thousands” 15
14 Waters Gulch 20,100 2
15 Keluche Creek 500-1000 2
16 Blue Ridge West 4585 1
16 Blue Ridge Middle 20-30 1
16 Blue Ridge East 250-350 1
17 Flat Creek 1000s 3
18 Brock Creek 100+ 3
19 Stein West 1000s 2
20 Shasta Caverns <100 1
21 Jones Valley 3878 1
TOTAL >48,808 48*

*Some CNDDB Occurrences document population estimates for multiple years, and some
estimates are from partial surveys or a portion of the occurrence. The most recent and
complete estimates were used in this table.

* The total number of genets is not a sum of all the genets reported from sampled

populations, since some genets were reported as occurring at multiple populations.

DeWoody et al. (2012) identified a total of 48 genets across all populations.

Overall, DeWoody et al. (2012) revealed low levels of genetic diversity in Shasta snow-
wreath, potentially resulting from a lack of sexual reproduction in the species. Lower
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levels of genetic variation are typically observed in rare and endemic species (species
that occur in only one geographic location) than in closely related taxa with broader
distributions (Gitzendanner and Soltis 2000; Cole 2003). The low levels of genotypic
diversity of Shasta snow-wreath may be a consequence of the narrow range of the
species, or it could be the result of historic population bottlenecks (DeWoody et al.
2012). The Shasta Lake area is known as a glacial and volcanic refuge in an ancient
geologic landscape, and the area supports many endemic species (Lindstrand and
Nelson 2006). The low allelic variation of Shasta snow-wreath could be the result of
range contraction during the last glacial period and subsequent climate variations
(Lindstrand and Nelson 2006), or it could reflect a reduction in genetic diversity resulting
from construction of Shasta Dam and the filling of Shasta Lake (DeWoody et al. 2012),
or both. Populations of Shasta snow-wreath were likely more connected prior to the
construction of Shasta Dam, and Shasta Lake likely decreased the size of some
populations and increased fragmentation of the populations, which can change the
genetic structure of populations (Honnay and Jacquemyn 2007; Aguilar et al. 2008).

Similar-looking Plants

The growth form, leaves, and bark of Shasta snow-wreath closely resemble those of the
common shrubs ninebark (Physocarpus capitatus) and oceanspray (Holodiscus
discolor), two other species in the rose family (Figure 5) that grow in similar habitat and
within the range of Shasta snow-wreath. The flowering season of Shasta snow-wreath
is short, and it is easy to mistake Shasta snow-wreath for ninebark or oceanspray when
it is not flowering. These similarities are likely why the species remained undiscovered
by botanists until 1992 (Shevock et al. 1992; Taylor 1993).

Shasta snow-wreath looks very similar to its closest relative, Alabama snow-wreath.
However, Alabama snow-wreath is restricted to the southeastern United States; thus, its
range does not overlap with that of Shasta snow-wreath. The two species can be
distinguished from each other based on the presence or absence of petals, number of
stamens, and the length of sepals and styles (DeVore et al. 2005). Shasta snow-wreath
flowers occasionally have petals, while Alabama snow-wreath flowers never have petals
(Shevock et al. 1992; DeVore et al. 2005). The leaves are distinctive between the two
species; Alabama snow-wreath leaves are longer with finer marginal teeth and Shasta
snow-wreath leaves are shorter and wider, with coarser teeth (Shevock et al. 1992).

Habitat that may be Essential to the Continued Existence of the Species

Shasta snow-wreath primarily grows in riparian areas in the dense understory of shady
montane hardwood-conifer and ponderosa pine forests, but is also found in foothill pine-
blue oak woodland habitat (Shevock et al. 1992; Lindstrand and Nelson 2005b, 2006;
Jules et al. 2017; CNDDB 2021). Shasta snow- wreath populations occur on limestone
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and a variety of substrates derived from metamorphic and igneous formations, such as
shale, mudstone, and greenstone (Lindstrand and Nelson 2006; DeWoody et al. 2012;
Jules et al. 2017). The Department’s preliminary identification of the habitat that may be
essential to the continued existence of Shasta snow-wreath includes: (1) habitats that fit
the general habitat descriptions provided below, (2) habitats that are located at any of
the known Shasta snow-wreath populations, and (3) habitats located at any Shasta
snow-wreath populations that are discovered or established in the future.

Vegetation Communities

The Department uses A Manual of California Vegetation (Sawyer et al. 2009; CNPS
2021) to classify natural communities within California. However, the area where Shasta
snow-wreath occurs has not yet been classified using A Manual of California
Vegetation, so specific vegetation alliances and associations at Shasta snow-wreath
populations have not yet been delineated. While the habitat where Shasta snow-wreath
occurs is not yet classified in A Manual of California Vegetation (Sawyer et al. 2009;
CNPS 2021), the species composition at populations suggests that the vegetation
communities would likely be placed in the Pseudotsuga menziesii Forest and Woodland
Alliance (Douglas fir forest and woodland), Pinus ponderosa Forest and Woodland
Alliance (ponderosa pine forest and woodland), Quercus kelloggii Forest and Woodland
Alliance (California black oak forest and woodland) or the Quercus douglasii Forest and
Woodland Alliance (blue oak woodland and forest) (CNPS 2021). Figure 6 shows
Shasta snow-wreath habitat.

The dominant tree species that are associated with Shasta snow-wreath include
California black oak (Quercus kelloggii), Douglas-fir (Pseudotsuga menziesii var.
menziesii), big-leaf maple (Acer macrophyllum), canyon live oak (Quercus chrysolepis),
ponderosa pine (Pinus ponderosa), California bay (Umbellularia californica), Oregon
oak (Quercus garryana), and foothill pine (Pinus sabiniana), and dominant understory
species include western poison oak (Toxicodendron diversilobum), wild rose (Rosa
spp.), snowdrop bush (Styrax redivivus), wild mock orange (Philadelphus lewisii), and
mountain dogwood (Cornus nuttallii). Other species associated with Shasta snow-
wreath include California hazel (Corylus cornuta subsp. californica), California buckeye
(Aesculus californica), western redbud (Cercis occidentalis), elk clover (Aralia
californica), pacific madrone (Arbutus menziesii), and snowberry (Symphoricarpos albus
var. laevigatus) (Ertter 1993; Lindstrand and Nelson 2005a; Jules et al. 2017; CNDDB
2021). The invasive Himalayan blackberry (Rubus armeniacus), encroaches into many
Shasta snow-wreath populations, and French broom (Genista monspessulana) and
Scotch broom (Cytisus scoparius) are invasive at several populations (CNDDB 2020;
Department observation).
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Geology and Soils

Shasta snow-wreath is found in the Klamath Mountains Geomorphic Province, which
has rugged topography with prominent peaks and ridges reaching up to approximately
2400 meters (8000 feet) above sea level (California Geological Survey 2002). The
Klamath Mountains Geomorphic Province is mainly underlain by ancient (65 million to
542 million years old) sedimentary, volcanic, and metamorphic rocks containing
numerous ultramafic bodies (igneous rocks with high levels of magnesium and iron and
only a very small amount of silica), and gabbroic and granitic rock intrusions (Hotz
1971). The Shasta Lake area is known as an ancient landscape relative to surrounding
regions because it has been unaffected by glaciation and has not been overlain by
volcanic material (Lindstrand and Nelson 2006).

Shasta snow-wreath was first discovered at the base of an exposed, north facing
limestone outcrop (Shevock et al. 1992; Taylor 1993), and the species was originally
described as being restricted to limestone (Shevock et al. 1992). The first seven Shasta
snow-wreath populations were all found on limestone rock formations (Shevock 1993)
because early surveys targeted suitable habitat on mapped limestone substrate
(Shevock 1993), thus creating a bias toward populations occurring on limestone.
Subsequent exploration of the region revealed populations on metamorphic and
igneous formations, such as shale, mudstone, and greenstone (Lindstrand and Nelson
2006; DeWoody et al. 2012; Jules et al. 2017).

Climate, Hydrology. and other factors

Shasta snow-wreath occurs in western Shasta County, which experiences a
Mediterranean climate with hot, dry summers and cool, wet winters. Winter
temperatures at lower elevations are mostly above freezing, and summer temperatures
are very high. Using 1943-2016 climate data from the nearest weather station at Shasta
Dam, the average low/high during January, the coldest month, is 3.8°/11.4° C
(38.9°/52.5° F), and the average low/high during July, the hottest month, is 20.2°/35.1°
C (68.3°/95.2° F) (WRCC 2016). Areas at higher elevation receive 150 to 250 cm (60 to
100 in) of precipitation annually, but areas in the canyons receive only about half that of
the mountain slopes (Sawyer 2006). About 90 percent of the precipitation falls between
October and April, mostly as rain with very litle snowpack. Only the highest nearby
peaks hold snow into the summer. There are occasional summer thunderstorms which
can release significant localized rain.

Shasta snow-wreath populations are found near Shasta Lake in the McCloud River,
Cow Creek, Pit River, Sacramento River, and Squaw Creek watersheds (Lindstrand and
Nelson 2006; CNDDB 2021). Populations are most often found in riparian zones, which
are areas associated with rivers and streams that are transitional between terrestrial
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and aquatic ecosystems. Shasta snow-wreath potentially receives a portion of its water
from the water table associated with riparian zones. However, plants growing outside of
the flood plain likely receive the majority of their water from precipitation.

Shasta snow-wreath grows in an area that historically experienced frequent wildfires
(Taylor and Skinner 2003; Fry and Stephens 2006; Safford and Van de Water 2014),
with an average fire return interval of 12 years (Jules et al. 2017). The California black
oak woodlands and Pacific ponderosa pine — Douglas-fir forests where Shasta snow-
wreath populations occur exhibit very high departures from pre-Euro-American
settlement fire frequencies (Safford and Van de Water 2014; Jules et al. 2017) and the
presence of the relatively fire-intolerant Douglas-fir in the overstory is indicative of
prolonged fire suppression in the region/area (Jules et al. 2017).

In the Klamath Mountains, thunderstorms occur in the dry summer months (Newburn
and Payne 2014) and lightning ignitions peak in July and August (Schroeder and Buck
1970). The long summer drought that is typical of the Mediterranean climate results in
dry conditions that make the region highly susceptible to wildfire by August or
September (Taylor and Skinner 1998). Skinner et al. (2006) indicate that lightning-
caused fires account for the majority of area burned in recent decades. Lightning may
ignite hundreds of fires over a 24-hour period. The large number of potential
simultaneous ignitions coupled with poor access for fire-suppression activities and the
steep terrain of the Klamath Mountains has led to instances where lightning-ignited fires
burned for weeks to months over very large areas (Skinner et al. 2006). Fire severity is
highly variable in the Klamath Mountains, primarily due to climatic variables and diverse
topography and vegetation assemblages (Taylor and Skinner 1998; Skinner et al.
2006). Typically, high-severity burns occur on the ridgetops and upper portions of
slopes, especially on west- and south-facing aspects. Lower slopes and north- and
east-facing aspects generally experience low-severity fires, and middle slope areas
experience intermediate severity patterns (Skinner et al. 2006).

Little information is available on the response of Shasta snow-wreath to common
disturbances such as fire. In a study conducted by Jules et al. (2017), the populations of
Shasta snow-wreath in areas with a relatively low canopy cover of live trees had the
greatest number of ramets and the tallest stems, which could suggest that removal of
the canopy by fire may have been a beneficial disturbance for this species. Reducing
canopy cover either by restoring a more frequent fire interval through prescribed burning
or employing mechanical fuels treatment could benefit Shasta snow-wreath. Shasta
snow-wreath was observed resprouting following a low-intensity prescribed burn in 2011
(Jules et al. 2017).
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Although Shasta snow-wreath occurs in a historically fire-prone region, only one of the
26 known element occurrences (consisting of 2 populations, Ellery Creek and South of
Ellery Creek) of Shasta snow-wreath experienced a wildfire since the species’ discovery
in 1992. The Hirz fire burned through these two populations (CNDDB element
occurrence 3) in 2018, with moderate to high intensity. Post-fire monitoring was initiated
in 2018, and in 2019 Shasta snow-wreath was observed resprouting vigorously
(Lindstrand et al. 2020), demonstrating that these Shasta snow-wreath populations
were able to recover from a single fire event. Fire has been documented to stimulate
seed germination in many shrub species in fire prone areas, but no seedlings of Shasta
snow-wreath were observed, further supporting that this species only reproduces
vegetatively (Lindstrand et al. 2020). During site visits in 2020 and 2021, the burned
populations of Shasta snow-wreath were dense and portions of the populations were
observed flowering (Lindstrand et al. 2020; Department observation).

ABUNDANCE AND POPULATION TRENDS

Shasta snow-wreath populations are reported as having population sizes ranging from
20 to approximately 20,000 (Jules et al. 2017; CNDDB 2021); however, these are
estimates of the number of ramets (above ground stems) observed in each population,
which represent clones of the same plant. DeWoody et al. (2012) identified a total of 48
genets (genetically distinct individuals) across 21 sampled populations, with the number
of genets at each population ranging from 1-15. Genets are considered genetically
unique individuals, and the number of genets is more representative of the number of
unique individuals in a population than the number of aboveground stems. If the number
of genets is used as an indicator of the number of individuals in Shasta snow-wreath
populations, then the populations would be considered quite small (potentially as few as
1-15 individuals at each population).

Shasta snow-wreath has only been known to science since 1992, and little formal
monitoring or research has been conducted on the species in the past 29 years.
Anecdotal observations of Shasta snow-wreath populations suggest that populations
have been relatively stable over the short term (Lindstrand pers. comm. 2021).
However, there is no scientific monitoring data on Shasta snow-wreath’s long term
population trends. Jules et al. (2017) initiated monitoring of Shasta snow-wreath in 2011
at seven populations, and population data was collected between 2011 and 2013. Two
to three years of data was collected from each population, and no significant difference
was found in “ramet population size” between years (Jules et al. 2017). During the
study, permanent monitoring plots were established, which provide the opportunity for
future monitoring at these populations, but no additional monitoring has been reported
from these locations. Lindstrand et al. (2020) also conducted two years of qualitative
monitoring at two populations within one element occurrence (Ellery Creek and South of
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Ellery Creek, CNDDB element occurrence 3) following the 2018 Hirz Fire. No other
information on population monitoring activities is available.

Although long-term population monitoring has not been conducted for Shasta snow-
wreath, the species likely experienced a significant reduction in distribution as a result of
the construction of Shasta Dam in 1945 and the subsequent filling of Shasta Lake in
1948. ltis very likely that populations of Shasta snow-wreath were connected by the
riparian zones of the Sacramento, McCloud, and Pit rivers and their tributaries prior to
the construction of Shasta Dam because many of the current Shasta snow-wreath
populations reach their lower limit at the edge of Shasta Lake (Lindstrand and Nelson
2006; Jules et al. 2017). It is therefore likely that Shasta snow-wreath populations and
habitat were eliminated by inundation from the rising waters of Shasta Lake following
completion of Shasta Dam (DeWoody et al. 2012). At least six of the known populations
were likely partially flooded by the creation of Shasta Lake (Lindstrand and Nelson
2006), but the extent of loss is unknown since this species and the extent of its
distribution was not known when Shasta Lake was created in 1948.

FACTORS AFFECTING THE ABILITY TO SURVIVE AND REPRODUCE
Genetics, Reproductive Challenges, and Restricted Range

Low genetic diversity, reproductive challenges, and the restricted and isolated range of
Shasta snow-wreath populations are considered significant factors affecting the ability
of the species to survive and reproduce. Shasta snow-wreath populations exhibit low
genetic diversity (DeWoody et al. 2012), likely resulting from predominantly vegetative
reproduction over time. In addition, the lack of reproduction by seed limits the dispersal
capability of the species, and the restricted and isolated distribution of Shasta snow-
wreath populations presents additional challenges to its dispersal and persistence on
the landscape.

Population sizes of Shasta snow-wreath, as estimated by the number of above ground
stems in the populations, are reported as ranging from 20 plants to thousands of plants.
However, the low genetic diversity of Shasta snow-wreath populations indicates that
populations seemingly comprised of thousands of plants (ramets) may actually be
comprised of just one or a handful of genetically unique individual plants (genets)
(DeWoody et al. 2012). The study conducted by DeWoody et al. (2012) of 21
populations of Shasta snow wreath (from 17 CNDDB element occurrences) found that
the number of genets per population sampled ranged from 1-15, with a mean of about 3
genets per population. Five of the sampled populations consisted of only a single genet,
indicating that all of the seemingly individual plants were simply clones that were
genetically identical.
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Genetic diversity is an important factor in the viability of clonal species. Populations with
high genetic diversity have a greater capacity to adapt to changing habitat or climate
conditions either through adaptability that the species already possesses or via
evolutionary change thus increasing their ability to persist (Hoffmann et al. 2005;
Hoffmann and Sgro 2011). Low genetic diversity, as observed in Shasta snow-wreath
populations, reduces adaptive capacity to adverse environmental conditions, diseases,
and other disturbances, potentially leading to reduced survival (Lande and Shannon
1996; Hughes et al. 2008; de Witte and Stdcklin 2010; Hoffmann and Sgro 2011; Yang
and Kim 2016).

Although Shasta snow-wreath plants produce seeds, no seedlings of this species have
been observed (Lindstrand et al. 2020) and efforts to germinate seeds from a 1992
collection at the U.C. Botanical Garden were unsuccessful (Ertter and Shevock 1993),
suggesting that Shasta snow-wreath may be incapable of reproducing by seed under
current environmental conditions. No other attempts to germinate Shasta snow-wreath
from seed have been reported. The apparent inability to produce viable fruits with any
dispersal mechanism limits the dispersal capability of Shasta snow-wreath, which is
confounded by the steep terrain and topography of its habitat and by human introduced
impediments, such as roads, campgrounds, and Shasta Lake. Lack of sexual
reproduction makes adaptation to changing conditions very challenging, since sexual
reproduction promotes genetically diverse offspring through recombination, mutation,
and gene flow from immigrants (Yang and Kim 2016). Evolutionary adaptation may be
the only way that populations of rare species with limited dispersal capability can persist
in the face of climate change (Hoffmannand Sgro 2011).

Shasta snow-wreath also occurs in isolated populations within a limited and restricted
geographic range (Lindstrand and Nelson 2006; Jules et al. 2017; CNDDB 2021). The
smaller a species’ geographic range, the higher the probability that disturbances and
environmental changes will affecta large enough portion of the species’ range to
jeopardize its persistence. Therefore, species with small geographic ranges, such as
Shasta snow-wreath, tend to be more vulnerable to extinction from disturbances,
environmental changes, random events, and other threats than species with widespread
ranges (Purvis et al. 2000; Harris and Pimm 2007; Gaston and Fuller 2009; Hobohm et
al. 2013; Pimm et al. 2014; Enquist et al. 2019; Staude et al. 2020).

Extinction debt refers to the future extinction of a species due to past disturbances. It
can take a considerable amount of time for a population or species to diminish and
disappear following disturbances such as habitat loss or degradation (Kuussaari et al.
2009). The probability and magnitude of extinction debt depends on several factors,
such as the life history traits of a species, the spatiotemporal configuration of habitat
patches, and the time since and nature of the alteration of the habitat. Empirical
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evidence suggests that delayed extinctions are more likely in species with low turnover
rates, such as in perennial plants versus annual plants. In addition, microhabitat
specificity and the probability of dispersal of the species can also contribute to the
probability of extinction debt (Kuussaari et al. 2009). The lack of genetic diversity in
Shasta snow-wreath populations as assessed in the DeWoody et al. study may indicate
that Shasta snow-wreath is a relict species that is not well adapted to its current refugia
or that Shasta snow-wreath is a narrowly distributed species that is highly adapted to its
habitat (Lindstrand and Nelson 2006; DeWoody et al. 2012). Geological events (e.qg.
glacial and/or volcanic activity) in surrounding regions may have led to the permanent
isolation of Shasta snow-wreath to an area where it could persist fora long time as a
relict species (Lindstrand and Nelson 2006), delaying its extinction (Jablonski 2002).
Additional fragmentation of Shasta snow-wreath occupied habitat from the creation of
Shasta Lake could also contribute to this potential risk of extinction, albeit delayed. The
perennial, long-lived nature of Shasta snow-wreath, together with its isolated
populations and low dispersal capabilities, creates a scenario where extinction debt is a
possible phenomenon for this species. If Shasta snow-wreath is experiencing extinction
debt, human-induced threats only accelerate the pace towards extinction, though
humans may also be able to intervene to slow the time to extinction.

Habitat Modification and Destruction

Habitat loss at local, regional, and global scales is considered the primary cause for
species extinctions worldwide (Wilcove et al. 1998; Randall and Hoshovsky 2000; Dirzo
and Raven 2003; Rybicki and Hanski 2013).

The federal Bureau of Reclamation is proposing to raise the height of Shasta Dam to
increase water storage capacity of the Shasta Lake reservoir, and the Shasta Lake
Water Resources Investigation (SLWRI) Final Environmental Impact Statement (EIS)
was completed for the project in 2015 (USDI BOR 2015b). The SLWRI Final
Supplemental EIS was released on November 19, 2020. Shasta Lake currently stores
approximately 561,000 hectare-meters (4.55 million acre-feet) of water and the
maximum surface area of the lake covers an area of about 11,940 ha (29,700 ac). The
preferred alternative would raise the dam by 5.6 m (18.5 ft), and would increase the
height of the reservoir full pool by 6.3 m (20.5 ft) (USDI BOR 2015b). This vertical
increase of 6.3 m (18.5 ft) will significantly increase the area of the reservoir and
translates to the inundation of approximately 13,071 ha (32,300 ac) of land surrounding
Shasta Lake that is presently not underwater and supports populations of Shasta snow-
wreath or could be potential habitat (USDI BOR 2015b). The current maximum water
surface elevation is 328 m (1076.2 ft) (USDI BOR 2021).

In its Final Feasibility Report (2015), the Bureau of Reclamation announced they would
require cost-sharing partners to fund the project to raise the height of Shasta Dam.
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Congress passed the Water Improvements Infrastructure forthe Nation Act in 2016,
requiring at least a 50 percent non-federal contribution from cost-sharing partners for
the project (USDI BOR 2020). The Bureau of Reclamation has not secured a cost-share
partner, as there have been challenges regarding a state agency assisting with the
planning process (e.g., through CEQA analysis) due to the potential forthe project to
have an adverse effect on the free-flowing condition of the McCloud River or on its wild
trout fishery, which is prohibited by the California Wild and Scenic Rivers Act (Carillo
and Davis 2019). Despite these challenges to secure a cost-share partner, the
Department considers the project to raise the height of Shasta Dam as having the
potential to occurin the foreseeable future (i.e., by the end of the century), especially
given the increased demand for water storage in California. Therefore, the Department
is considering potential impacts from the project on Shasta snow-wreath as part of this
Status Review.

If implemented, raising the height of Shasta Dam would directly impact portions of
almost half (48 percent) of the known Shasta snow-wreath populations (from 50 percent
of the known CNDDB element occurrences). Table 3 lists the area of direct impacts
(inundation) to each population, which is based on the area that each Shasta snow-
wreath population occupies.

The level of impact to Shasta snow-wreath populations resulting from the proposed
project to raise Shasta Dam varies for each population, with the lowest proportion of
impact at less than one percent (Table 3; Ellery Creek Population, part of CNDDB
element occurrence 3). One small element occurrence (East of Stein Creek, element
occurrence 24) consisting of approximately 20 to 30 stems would be completely
inundated; this element occurrence is considered part of the Stein Creek population
(element occurrence 12) because it is located downstream in the same drainage and
within connected habitat (Lindstrand pers. comm. 2020). The Keluche Creek population
(element occurrence 15) would also experience almost complete inundation (97
percent; see Table 3). This is a relatively small population (0.06 ha [0.15 acre]) and
represents a small portion of the total area of all Shasta snow-wreath populations
combined. Nevertheless, the population will be nearly eliminated if the Shasta Dam
raise project is implemented, potentially losing important genetic diversity of the species
along with it. At least eight populations will have impacts to more than 20 percent of
their occupied area. When considering the impacted populations of Shasta snow-
wreath, the proposed project to raise Shasta Dam, if implemented, would result in a loss
of 3.8 percent of the total area of these populations. This equates to an approximately
one percent loss of the species total. However, the project would impact almost half (48
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Table 3. Direct Impacts to Shasta Snow-wreath Populations from the Proposed Project
to Raise Shasta Dam

CNDDB Population Name Population Area of Percent of
Element Total Area Population Population
Occurrence (acres) Inundated Inundated
# (acres) *
3 Ellery Creek 28.65* 0.047+ <1%
6 Campbell Creek 1.9* 0.04+ 2%
10 Cove Creek 1.17 0.401+ 34%
10 South of Cove Creek 0.16 0.149+ 93%
12 Stein Creek 42.15* 0.469+ 1%
15 Keluche Creek 0.15* 0.146* 97%
16 Blue Ridge West 1.11* 0.75* 68%
16 Blue Ridge East 0.03* 0.002+ 7%
18 Brock Creek 1.38* 0.634+ 46%
20 Shasta Caverns 0.08** 0.018+ 23%
21 Jones Valley 0.34* 0.015* 4%
24 East of Stein Creek 0.01** 0.01+ 100%
(considered part of the Stein
Creek population, CNDDB
element occurrence #12)
25 North of Marble Creek 1 and 2 1.28* 0.1+ 8%
27 Bear Canyon 1.01+* 0.06** 10%
28 Roberts Canyon 0.74** 0.21** 28%
Total 80.16 3.05 3.8%

*Source: Detailed digital mapping data submitted to the CNDDB in shapefile format.
* Source: SLWRI Final EIS (2015)

**Source: Lindstrand pers. comm. 2020

**Source: Lindstrand pers. comm. 2021

percent) of the known Shasta snow-wreath populations (from 50 percent of the known
CNDDB element occurrences) to some extent.

Shasta Lake experiences a high level of recreational use including boating, fishing, and
camping. Shasta Lake is also popular for houseboat rentals. Raising the height of
Shasta Dam could lead to additional direct impacts and indirect impacts to Shasta
snow-wreath and its habitat by increasing the amount of human activity at the newly
created shoreline from campers, boaters, and other visitors to the area. An increase in
human activity would cause disturbance of the area and could result in an increase in
soil compaction, impacts to vegetation, and an increase in garbage and pollution.
Increased disturbance also could lead to a degradation of habitat, creating conditions
favorable to the spread of invasive species. However, the Shasta snow-wreath
populations along the shoreline of Shasta Lake are generally steep, brushy, and
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dominated by poison oak, and existing human disturbance is low in most of these areas
(Lindstrand pers. comm. 2021).

The majority of the Shasta snow-wreath populations are located on U.S. Forest Service
lands (see Figure 3 and Appendix A), which are managed with a focus on managing
vegetation, restoring ecosystems, reducing hazards, and maintaining forest health
(USFS 2021a). U.S. Forest Service forest managers use timber sales, as well as other
vegetation management techniques such as prescribed fire, to achieve these objectives
(USFS 2021b). Proposed projects by the U.S. Forest Service on their lands would be
subject to review as part of the National Environmental Policy Act of 1969 (NEPA) (42
U.S.C. § 4321, et seq.) process, which requires analyzing and disclosing the
significance of any impacts to sensitive resources, such as Shasta snow-wreath.
However, the NEPA review process does not include a requirement to minimize or
mitigate impacts, and future projects such as timber harvest or vegetation management
on U.S. Forest Service lands could result in modification or destruction of Shasta snow-
wreath habitat.

Six populations of Shasta snow-wreath are located partially or entirely on privately
owned lands. Of these, four populations are at least partially on lands owned by Sierra
Pacific Industries (SPI), a forest products company (CNDDB 2021; Digital Map Products
2021). Timber harvest is subject to the Z'berg-Nejedly Forest Practice Act of 1973 (Pub.
Resources Code, § 4511 et seq.) and the California Forest Practice Rules (CFPRs)
which are administrated by the California Department of Forestry and Fire Protection
(CAL FIRE). CAL FIRE is the lead agency for approving timber harvesting plans, and
the Department, Regional Water Quality Control Board, and California Geologic Survey
have the opportunity to review and comment on these plans. The Forest Practice Act
was enacted to ensure that logging is done in a manner that will preserve and protect
our fish, wildlife, forests, and streams (CAL FIRE 2021). However, CAL FIRE does not
require that impacts to unlisted species be fully mitigated to the standards that apply
under CESA as a part of timber harvesting plan approval.

Timber harvest occurred within two of the four Shasta snow-wreath populations
(CNDDB element occurrences 12 and 23) and near a third population (CNDDB element
occurrence 22) between 2012 and 2015. At CNDDB element occurrence 12 (Stein
Creek), timber harvest activities also included the construction of new access roads and
crossings that resulted in impacts to several Shasta snow-wreath plants at two road
crossings located across stream drainages and created disturbance in the area,
increasing the potential for introducing and spreading non-native species. Portions of
the Shasta snow-wreath population at CNDDB element occurrence 12 were protected
during these timber harvest activities, and observations made during site visits over the
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past two years report that the Shasta snow-wreath plants outside of the timber harvest
area were observed in excellent condition (Lindstrand pers. comm. 2021).

Selection harvesting (uneven-aged management) of single trees took place at CNDDB
element occurrence 23 (McCandless Gulch), and herbicide was also inadvertently
applied the Shasta snow-wreath plants while targeting Himalayan blackberry. In addition
to tree removal and the inadvertent herbicide application, timber operations along the
edge of the Shasta snow-wreath element occurrence included creation of a tractor skid
trail (Lindstrand pers. comm. 2021) and a small temporary landing where trees were
skidded to forloading on trucks. Harvesting activities provided an opportunity to monitor
the response of Shasta snow-wreath to timber harvesting activities. SPI established six
permanent transects (five treatment and one control) at CNDDB element occurrence 23
in September 2014 in association with Timber Harvest Plan (THP) 2-13-059-SHA
(McChicken THP). The treatment transects are in a selection harvest area, and two of
these are in the area where herbicide was inadvertently applied. Initial observations
suggested the herbicide was effective at killing Shasta snow-wreath, but follow-up
monitoring for response to tree canopy reduction has not yet been conducted.

Timber harvest occurred near the third SPl-owned population during 2014 to 2015
(Manzanita Hil, CNDDB element occurrence 22), but the Shasta snow-wreath
population was avoided and protected (Lindstrand pers. comm. 2020) (§ 916 et seq.,
Title 14, CCR). No timber harvest has been reported at the fourth population (Bear
Gulch, CNDDB element occurrence 8) located partially on SPI property (CNDDB 2021).
Recent timber harvest practices have implemented measures to minimize impacts to
Shasta snow-wreath. However, future timber harvest in Shasta snow-wreath
populations could pose a potential threat to this species without proper avoidance
measures.

A portion of one Shasta snow-wreath population that is located on SPI property is also
on private property owned by Stimple-Wiebelhaus Associates (Bear Gulch, CNDDB
element occurrence 8), a construction and excavation company. No excavation is
presently occurring on the property, but the plants are currently unprotected. One
Shasta snow-wreath population (CNDDB element occurrence 9) occurs at the Fawndale
Quarry, which is owned and operated by J.F. Shea Construction, Inc. The population is
not within the current mining area, but mine expansion could impact Shasta snow-
wreath. The other population of Shasta snow-wreath that is located partially on
privately-owned property (Squaw Creek, CNDDB element occurrence 2) is owned by a
private citizen (CNDDB 2021; Digital Map Products 2021). The population is located on
a steep slope at the base of a limestone cliff upslope of a U.S. Forest Service Road.
Development of this parcel is unlikely due to the topography (Lindstrand pers. comm.
2021), but the property is not currently managed.

25



One Shasta snow-wreath population (Waters Gulch, CNDDB element occurrence 14) is
bisected by the Waters Gulch Trail, which was developed prior to the discovery of
Shasta snow-wreath. Waters Gulch Trail was used as a fire line during a prescribed
burn in the 1990s and the plants on both sides of the trail were cut above ground. The
plants resprouted over the next several years (Kierstead pers. comm. 2021). The trail is
also subject to impacts from trail maintenance; however, these impacts appear to be
minimal and consist of pruning and cutting branches that encroach onto the trail. Cut
stems along the trail were observed resprouting during a site visit conducted by
Department staff in April 2021 (Department observation) (Figure 7). Another population
(Low Pass, CNDDB element occurrence 7) grows along both sides of a historic jeep trail
in the Devils Rock-Hosselkus Research Natural Area. Currently this jeep trail functions
as a foot path (Lindstrand pers. comm. 2020). No information was found regarding
maintenance of the jeep trail/foot path.

Invasive Species

Studies have not been conducted on the impact of invasive species on Shasta snow-
wreath specifically; however, the negative impacts of plant invasions on Mediterranean
ecosystems have been well documented (Gaertner et al. 2009; Fried et al. 2014).
Invading alien species cause major environmental damages and losses and are a
significant risk factor leading to the extinction of threatened and endangered species
(Wilcove et al. 1998; Pimentel et al. 2005; Conser and Connor 2009). Invasive non-
native plants present a complex threat to biodiversity that is difficult to manage and has
long-lasting effects. North America has accumulated the largest number of naturalized
plants in the world (van Kleunen et al. 2015), which are non-native plants that reproduce
in the absence of human benefit and persist beyond initial colonization. Many non-
native plant species have become established within California, dramatically changing
the state’s ecological landscape (Conser and Connor 2009). Many studies hypothesize
or conclude that competition is the factor responsible for the observed negative impacts
of invasive species on biodiversity (D’Antonio and Vitousek 1992; Wilcove et al. 1998);
however, invasive species may also impact native ecosystems by altering
environmental conditions and resource availability (D’Antonio and Vitousek 1992;
Levine et al. 2003). Invasive species may threaten native populations through
competition for light, water, or nutrients; allelopathic mechanisms; alteration of soil
chemistry; thatch accumulation that inhibits seed germination and seedling recruitment;
changes in natural fire frequency; disruptions to pollination or seed-dispersal
mutualisms; changes in soil microorganisms; or other mechanisms (Levine et al. 2003).
The magnitude of detrimental effects of invasive species in a Mediterranean climate, as
is found in California, largely depends on characteristics of the invading species and the
habitat being invaded (Fried et al. 2014). The invader’s vegetative structure and ability
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(b)

Figure 7. Shasta Snow-wreath Population at Waters Guich (CNDDB
Element Occurrence 14). (a) The Waters Gulch Trail that cuts through part
of the Waters Gulch Shasta snow-wreath population at CNDDB element
occurrence 14; (b) Shasta snow-wreath resprouting from cut stems along the
edge of the trail.

California Department of Fish and Wildlife
Status Review of Shasta Snow-wreath (Neviusia cliftonii)
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to form dense patches influence the magnitude of impacts (Gaertner et al. 2009; Fried
et al. 2014). Invasive species may also influence native species colonization rates and
may thus lead to declines in local diversity over longer timescales (Yurkonis and
Meiners 2004).

Invasive plant species, including Himalayan blackberry, French broom, and Scotch
broom, have been documented at 13 of the Shasta snow-wreath populations (12
CNDDB element occurrences) (Lindstrand pers. comm. 2020; CNDDB 2021;
Department observation). It is likely that these or other invasive plant species occur
within other Shasta snow-wreath populations but have not been reported, especially
Himalayan blackberry, which commonly grows in similar habitat as Shasta snow-wreath.
Himalayan blackberry forms dense, impenetrable thickets, particularly along
watercourses (Figure 8). Himalayan blackberry is highly competitive with other plants,
and thickets produce such a dense canopy that other plants cannot germinate beneath
them due to lack of light (Hoshovsky 2000). Scotch broom is a long-lived strongly
competitive perennial shrub that grows in sunny sites, spreading rapidly through forest
borders and along roadsides. Scotch broom can crowd out native species and has a
seedbank that can remain viable for up to 30 years, making invasions difficult to control.
Scotch broom also burns readily and carries fire into the tree canopy, increasing fire
intensity (Bossard 2000).

igure 8. Invasive Species. Himalayan blékberry invasion
seen in the foreground at the Manzanita Hill Shasta Snow-wreath
Population (CNDDB element occurrence 22).
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Climate Change

Warming of the climate system is well-documented in climate science data, and since
the 1950s, many of the observed changes are unprecedented over decades to
millennia. The ocean and the atmosphere have warmed, sea level has risen, and the
amounts of snow and ice have declined (IPCC 2014, 2021). Evidence indicates that
anthropogenic climate change has already had widespread impacts on natural systems
globally and the effects are growing (Parmesan and Yohe 2003; Parmesan 2006; IPCC
2014). Climate change poses a serious threat to California’s ecosystems and will alter
the fundamental character, production, and distribution of California’s ecosystems
during the current century (Knowles and Cyan 2002; Snyder et al. 2002; Snyder and
Sloan 2005; Shaw et al. 2011). Climate change presents a major challenge to the
conservation of California’s natural resources, and it will intensify existing threats and
create new threats to natural systems. Under all emissions scenarios considered by the
Intergovernmental Panel on Climate Change, global warming of 1.5°C (2.7°F) and 2°C
(3.6°F) will be exceeded during the 21st century unless deep reductions in emissions
occur in the coming decades (IPCC 2021). Predicted changes over this century include
higher average temperatures globally with more warming in the summer than the winter,
with July to September increases of 1.5°C (2.7°F) to 6°C (10.8°F) (Pierce et al. 2018).
Greater warming is expected inland than in coastal regions by as much as 4°C (7.2°F)
(Pierce et al. 2018).

The climate in California is expected to be considerably warmer by the end of the
century (Hayhoe et al. 2004; Loarie et al. 2008; Pierce et al. 2018). Increasing
temperatures will result in more precipitation falling as rain instead of snow, variable
precipitation and seasonal shifts, more extreme heat-waves, more intense droughts,
and a reduced snowpack (Hayhoe et al. 2004; Mote et al. 2005; Yoon et al. 2015;
Houlton and Lund 2018). In addition, the snowpack will melt much earlier in the year,
and the higher snowlines will likely increase the frequency of flooding due to more
frequent occasions of large-scale rainfall runoff (Kim et al. 2002; Miller et al. 2003;
Hayhoe et al. 2004; Dettinger et al. 2009; Dettinger 2011). The decreased snowpack in
the winter months will lead to a decrease in runoff in the late spring and summer,
reducing total water availability (Snyder et al. 2002; Snyder and Sloan 2005). In
addition, the higher extreme rainfall will bring more surface runoff and less groundwater
recharge (Pierce et al. 2018).

California’s climate oscillates between extremely dry and extremely wet periods relative
to the rest of the United States because it derives a large portion of its annual
precipitation from only a few large winter storms or “atmospheric rivers” (Dettinger 2011;
Dettinger et al. 2011; Houlton and Lund 2018). Atmospheric rivers are long and narrow
corridors of strong horizontal water vapor that are often associated with a low-level jet
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stream ahead of the cold front of an extratropical cyclone (Dettinger 2011; Dettinger et
al. 2011). In the last decade, Northern California experienced one of the worst droughts
(2012-2016) in more than 1000 years, followed by the wettest winter on record (2016-
2017) (Houlton and Lund 2018). Global climate change results in an increase in the
atmosphere’s capacity to “hold” water vapor, causing winter storms to carry more rain
(Houlton and Lund 2018). Water cycles extremes are expected to intensify, with dry
years becoming drier and wet years becoming wetter in the next several decades
(Dettinger 2011; Yoon et al. 2015). In Northern California where Shasta snow-wreath
occurs, annual precipitation is expected to remain about the same on average, or to
increase slightly by the end of the century (Huang and Ullrich 2017; Pierce et al. 2018).
However, the increasing intensity of extreme storms will likely increase the risk of large
flood events, challenging water storage and flood control systems which were designed
for historical climate patterns (Dettinger 2011; Dettinger et al. 2011; Houlton and Lund
2018; Pierce et al. 2018).

California’s Fourth Climate Change Assessment, Sacramento Valley Regional Report
(Houlton and Lund 2018) summarizes major changes in climate and climate-related
risks and includes the area where Shasta snow-wreath occurs. The report predicts
substantial impacts and risks on the Sacramento Valley Region, including rising
temperatures, changing precipitation patterns and amounts, flooding, drought, and
wildfire (Houlton and Lund 2018). No published climate change modeling has been
carried out for the Shasta-Trinity National Forest or Shasta snow-wreath habitat
specifically, but significant increases in nighttime temperatures and in maximum mean
(daytime) temperatures were observed at the nearby Shasta Dam weather station when
comparing historic (1900-1939) and modern (1970-2009) averages (Butz et al. 2015).

Natural populations are responding to global climate change through shifts in their
geographical distribution and timing of growth and reproduction (Hoffmann and Sgro
2011) The distribution of vegetation in California is expected to move upslope and
poleward, where it is able to, in response to climate change (Hayhoe et al. 2004; Loarie
et al. 2008; Ackerly et al. 2010), and vegetation shifts driven primarily by temperature
changes, such as reductions in the extent of alpine/subapine forest and the
displacement of evergreen conifer forest by mixed evergreen forest, are predicted by
the end of the century (Hayhoe et al. 2004). These shifts in vegetation and of timing of
growth and reproduction are resulting in changes in community composition and the
nature of species interactions (Hoffmannand Sgro 2011). Populations can avoid
extinction by moving to nearby favorable habitat, overcoming stressful conditions
through attributes the species already possesses (i.e., phenotypic plasticity), or by
undergoing evolutionary adaptation (Hoffmann et al. 2005; Hoffmann and Sgro 2011;
Stotz et al. 2021). Shasta snow-wreath faces severe limitations to dispersal and range
shift since it is only known to reproduce through vegetative means, and it grows in areas
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of steep terrain with topographical impediments to dispersal. These limitations restrict
the ability of Shasta snow-wreath to disperse into nearby habitat in the face of climate
change. In addition, its low genetic diversity decreases the likelihood of it possessing
adaptable traits to withstand changing conditions, and the lack of sexual reproduction
makes it nearly impossible for it to undergo evolutionary adaptation.

Department staff assessed the vulnerability of Shasta snow-wreath to climate change
using the NatureServe Climate Change Vulnerability Index Version 3.02 (NatureServe
2016; CDFW 2021a). Factors contributing to the vulnerability assessment include
barriers to dispersal and limited dispersal capability, the historical thermal niche of the
species, and very low genetic variation. Based upon the Department’s assessment,
Shasta snow-wreath has a climate change vulnerability index value of Moderately
Vulnerable (MV), indicating that available evidence suggests that abundance and/or
range extent within the geographical area of the species is likely to decrease by the
year 2050. However, some ecological and life history information used for the climate
change vulnerability assessment is not yet known for Shasta snow-wreath. In particular,
the Department does not know if Shasta snow-wreath can reproduce by seed or what
the limiting factors are for seed germination, although it is presumed that reproduction
by seed is absent or exceedingly rare. Furthermore, the Department does not know
whether, or to what extent, competing plant species such as Himalayan blackberry and
Scotch broom will be favored by projected future climates. Despite the lack of
information about some of the ecological and life history information for Shasta snow-
wreath, the confidence in the vulnerability index score is very high based on the results
of the Monte Carlo simulation used in the index (Young et al. 2015).

Altered Fire Regimes

Following the fire suppression efforts of the past century, recent research has indicated
that fire size and frequency are now increasing in western U.S. forests (Miller et al.
2012). Miller et al. (2012) noted the mean fire size, maximum fire size, and total area
burned all increased over the period from 1910 to 2008 in northwestern California
forests. They also reported the tendency of high severity fires to occur in years when
region-wide lighting storms caused multiple ignitions, indicating that weather conditions
in some years can favor widespread high intensity fires in northwestern California (Miller
et al. 2012). The extent of the recent high-severity burns appears to be different than
historic burning patterns, with more area burning at high intensity, and this is related, in
part, to higher quantities and more homogeneous fuels caused by accumulation due to
fire-suppression (Skinner et al. 2006).

Miller et al. (2012) suggest the pattern of recent high-severity fires could be the result of
the changing climate plus increasing and more fire-prone fuel loads in some forest
types, potentially driven by a combination of human-related factors such as fire
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suppression and climate-driven factors such as drier fire seasons. The total area
burned, number of fires, and severity of wildfires has been increasing in the Western
U.S. due to anthropogenic climate change and forest management activities that
promoted dense forests with higher fuel load accumulation (Butz et al. 2015; Abatzoglou
and Williams 2016). Abatzoglou and Williams (2016) estimated that human-caused
climate change contributed to an additional 4.2 million ha (10.4 million ac) of forest fire
area during 1984-2015, nearly doubling the forest fire area expected in its absence.
Williams et. al. (2019) found that during 1972-2018, California experienced a fivefold
increase in annual burned area, mainly due to more than an eightfold increase in
summer forest-fire extent. The increased atmospheric aridity caused by warming likely
caused the increase in summer forest-fire area (Williams et al. 2019).

Disturbances, such as fire, shape forest ecosystems by influencing their composition,
structure, and functional processes (Dale et al. 2001). Expanded areas of high-severity
fire can impact tree regeneration, soil erosion, and water quality, which can greatly alter
forest biodiversity and composition (CDFW 2021b). Major shifts in fire regime and fire
suppression have had profound effects on vegetation structure and composition of plant
communities, threatening at-risk species and habitat (Shaffer 2006). High-severity fire
can affect the ability of an ecosystem to recover, create favorable conditions for the
expansion of non-native invasive plant species, and lead to the long-term or permanent
loss of habitat (CDFW 2021b). Although Shasta snow-wreath was observed vigorously
resprouting following a single moderate to high intensity fire event (the 2018 Hirz fire) at
the Ellery Creek and South of Ellery Creek populations (CNDDB element occurrence 3),
the long-term effects on Shasta snow-wreath populations due to potential changes in
the forest and woodland communities resulting from altered fire regimes is unknown, but
changing community structure could affect the ability of Shasta snow-wreath to persist.

REGULATORY AND LISTING STATUS
Federal

Shasta snow-wreath is not currently listed under the federal Endangered Species Act
(ESA); however, a petition to list Shasta snow-wreath as endangered under the ESA
was received by the U.S. Fish and Wildlife Service on October 3, 2019. On March 24,
2021, the U.S. Fish and Wildlife Service found that the petition presented substantial
scientific or commercial information indicating that listing Shasta snow-wreath may be
warranted, and announced plans to initiate a review of Shasta snow-wreath to
determine if listing is warranted (USFWS 2021). Shasta snow-wreath is currently under
review by the U.S. Fish and Wildlife Service.
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Shasta snow-wreath is designated as a U.S. Forest Service Sensitive Species by the
Shasta-Trinity National Forest. Forest Service Sensitive Species are plant and animal
species for which population viability is a concern as evidenced by a downward trend in
populations or in habitat capability to support the species (USDA 2005). The goal of
sensitive species designation is to develop and implement management practices so
these species do not become threatened or endangered and to prevent trends toward
endangerment that would result in a federal listing. Management decisions by Shasta-
Trinity National Forest are not to result in a trend towards federal listing or loss of
viability of Shasta snow-wreath (USDA 2005).

State

On May 1, 2020, the Commission published its Notice of Findings for Shasta snow-
wreath in the California Regulatory Notice Register, designating this species as a
candidate pursuant to CESA. The provisions of CESA apply to Shasta snow-wreath
while it is a candidate species (Fish & G. Code, § 2085). CESA prohibits the import,
export, take, possession, purchase, or sale of Shasta snow-wreath or any part or
product of thereof, except in limited circumstances, such as through a permit or
agreement issued by the Department under the authority of the Fish and Game Code.
For example, the Department may issue permits that allow the incidental take of listed
and candidate species if the take is minimized and fully mitigated, the activity will not
jeopardize the continued existence of the species, and other conditions are met (Fish &
G. Code, § 2081 subd. (b)). The Department may also authorize the take and
possession of Shasta snow-wreath for scientific, educational, or management purposes
(Fish & G. Code, § 2081 subd. (a)).

Section 15380(b) of the California Environmental Quality Act (CEQA) Guidelines state
that a species is “rare” when it exists in such small numbers throughout all or a
significant portion of its range that it may become endangered if its environment
worsens. Because of the small number of populations and the threats facing Shasta
snow-wreath, the species meets these criteria under CEQA. Any state, local, and other
(non-federal) governmental actions with potential to affectthe environment would be
subject to review under CEQA and would be required to consider and disclose impacts
to this species.

Natural Heritage Program Ranking

Natural heritage programs provide location, natural history, and rarity status information
on special status plants, animals, and natural communities to the public, government
agencies, and conservation organizations. There are more than 80 natural heritage
programs throughout the western hemisphere that make up a network of similar
programs overseen by NatureServe (CNDDB 2020). California’s natural heritage
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program is the CNDDB. All natural heritage programs use the same ranking
methodology originally developed by The Nature Conservancy and now maintained by
NatureServe (Faber-Langendoen et al. 2012). This ranking methodology consists of a
global conservation status rank describing the status of a given taxon over its entire
distribution, and a subnational (i.e., state) conservation status rank describing the status
of the taxon over its state distribution (NatureServe 2021). Both global and subnational
ranks reflect a combination of rarity, threat, and trend factors. Shasta snow-wreath has
been assigned a global rank of G2 and a subnational rank of S2 (CNDDB 2021),
indicating that the species is imperiled both within California and throughout its entire
range, with a high risk of extinction due to a very restricted range, very few populations,
steep declines, or other factors making it vulnerable to extirpation.

California Rare Plant Rank

Some plants in California are assigned a California Rare Plant Rank (CRPR) to identify
them as species of conservation concern and to aid in analyses of projects for CEQA
purposes. The Department works in collaboration with The California Native Plant
Society (CNPS) and botanical experts throughout the state to assign rare and
endangered plants a CRPR reflective of their status. Shasta snow-wreath has been
assigned a CRPR of 1B.2 (CNDDB 2021). Plants with a CRPR of 1B are rare
throughout their range with the majority of them endemic to California. Most of the
plants that are ranked 1B have declined significantly over the last century. The threat
code extension of “2” indicates that the species is moderately threatened in California,
with 20 to 80 percent of occurrences threatened or a moderate degree and immediacy
of threat (CNPS 2020).

EXISTING MANAGEMENT EFFORTS

There are currently no range-wide management efforts for Shasta snow-wreath.

National Forest Service Lands

Twenty-four populations (nineteen element occurrences) of Shasta snow-wreath are
located entirely on U.S. Forest Service lands, and two populations are partially on U.S.
Forest Service lands on the Shasta-Trinity National Forest. The U.S. Forest Service
manages their forests with a focus on managing vegetation, restoring ecosystems,
reducing hazards, and maintaining forest health (USFS 2021a). U.S. Forest Service
forest managers use timber sales, as well as other vegetation management techniques
such as prescribed fire, to achieve these objectives (USFS 2021b). Land and Resource
Management Plans (LMRPs) are prepared to guide management of individual national
forests. The LRMP for the Shasta-Trinity National Forest (USDA 1995) identifies Shasta
snow-wreath as a sensitive and endemic plant on the forest but does not include
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specific provisions to protect the species. The LRMP indicates that Species
Management Guides have been developed and are being implemented for plant
species of interest, such as Shasta snow-wreath, but no further information could be
found on the Species Management Guide for this species. Since Shasta snow-wreath is
designated as a U.S. Forest Service Sensitive Species, management decisions by
Shasta-Trinity National Forest are not to result in a trend towards federal listing or loss
of viability of the species or its habitat (USDA 2005). U.S. Forest Service policies for
designated sensitive species include reviewing and disclosing impacts of federal
activities on these species as part of the NEPA process and analyzing the significance
of any impacts to these species or their habitat. However, the NEPA review process
does not include a requirement to minimize or mitigate impacts to the species.

One population (CNDDB element occurrence 17) of Shasta snow-wreath is located
within the Devils Rock-Hosselkus Research Natural Area established by the U.S. Forest
Service (USFS ALP 2015b; CNDDB 2021). Research Natural Areas include a network
of federally-administered public lands that are managed with the purpose of maintaining
the natural features for which they were established and to maintain natural processes.
Non-manipulative research and monitoring activities are encouraged in Research
Natural Areas (USDA 2014). Another population (CNDDB element occurrence 7) of
Shasta snow-wreath is located partially within the Devils Rock-Hosselkus Research
Natural Area and partially in an area of the Shasta-Trinity National Forest with no
special designation (USFS ALP 2015b). Sixteen Shasta snow-wreath populations are
located entirely within the Whiskeytown-Shasta-Trinity National Recreation Area (USFS
ALP 2015a). The primary purposes of the National Recreation Area are for public
outdoor recreation benefits and the conservation of scenic, scientific, historic, and other
values which contribute to public enjoyment of the recreation resources (USDA 2014).
Another Shasta snow-wreath population is located partially within the Whiskeytown-
Shasta-Trinity National Recreation Area and partially within an area of the Shasta-
Trinity National Forest with no special designation (USFS ALP 2015a).

Monitoring

Shasta snow-wreath has only been known to science since 1992, and little formal
monitoring or research has been conducted on the species in the past 29 years. Jules
et al. (2017) initiated monitoring of Shasta snow-wreath 2011 at seven populations, and
population data was collected between 2011 and 2013. During the study, permanent
monitoring plots were established, which provide the opportunity for future monitoring at
these populations, but no additional monitoring has been reported at these locations.
Lindstrand et al. (2020) also conducted two years of qualitative monitoring at two
populations (Ellery Creek and South of Ellery Creek, CNDDB element occurrence 3)
following the 2018 Hirz Fire. In addition, SPI initiated monitoring in 2014 in an area to be
harvested at CNDDB element occurrence 23 (McCandless Gulch) using monitoring
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methods similar to Jules et al. (2017). Seven permanent monitoring plots were
established in this population. Although many of the populations have been observed in
recent years and qualitive updates (e.g., habitat condition) have been submitted to the
CNDDB, no other information on quantitative population monitoring activities was
available.

SCIENTIFIC DETERMINATIONS REGARDING THE STATUS OF SHASTA SNOW-
WREATH IN CALIFORNIA

CESA directs the Department to prepare this report regarding the status of Shasta
snow-wreath based upon the best scientific information available to the Department
(Fish & G. Code, § 2074.6). CESA’s implementing regulations identify key factors that
are relevant to the Department’s analyses. Specifically, a “species shall be listed as
endangered or threatened ... if the Commission determines that its continued existence
is in serious danger or is threatened by any one or any combination of the following
factors: 1. present or threatened modification or destruction of its habitat; 2.
overexploitation; 3. predation; 4. competition; 5. disease; or 6. other natural occurrences
or human-related activities” (Cal. Code Regs., tit. 14, § 670.1, subd. (i)(1)(A)).

The definitions of endangered and threatened species in the Fish and Game Code
provide key guidance to the Department’s scientific analysis. An endangered species
under CESA is one “which is in serious danger of becoming extinct throughout all, or a
significant portion, of its range due to one or more causes, including loss of habitat,
change in habitat, over exploitation, predation, competition, or disease” (Fish & G.
Code, § 2062). A threatened species under CESA is one “that, although not presently
threatened with extinction, is likely to become an endangered species in the foreseeable
future in the absence of special protection and management efforts required by [CESA]”
(Id., § 2067).

The preceding sections of this Status Review report describe the best scientific
information available to the Department, with respect to the key factors identified in the
California Code of Regulations. The section below considers the significance of any
threat to the continued existence of Shasta snow-wreath for each of the factors.

Present or Threatened Modification or Destruction of Habitat

Shasta snow-wreath populations are threatened by impacts from the potential project to
raise the height of Shasta Dam. It is likely that Shasta snow-wreath populations were
more widespread and have already been eliminated or reduced by construction of
Shasta Dam and the filling of Shasta Lake in the 1940s. Although impacts to

populations are considered small in relationship to total area of occupied habitat,
portions of almost half (48 percent) of the known Shasta snow-wreath populations (13 of
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the 26 [50 percent] CNDDB element occurrences) will be impacted to some extent if the
project to raise Shasta Dam is approved. One population will be completely inundated,
and another will be almost completely eliminated, which is significant since only 31
populations are known to exist. In addition to direct inundation from the rising waters,
there could be indirect impacts from increased human use at the new lake shore, as
well as unforeseeable effects that extend further into the population from altered
hydrology and microhabitat conditions.

Although current impacts by timber harvest activities are relatively minor, some
practices in Shasta snow-wreath occupied habitat have potential to impact this species,
including road construction, changes in tree canopy, accidental herbicide application,
and creation of conditions favorable to the introduction and establishment of non-native
species through soil disturbance and heavy equipment operations. Additionally,
expansion of the operation area of the Mountain Gate quarry could impact the
population at this location.

The Department considers modification and destruction of habitat to be a significant
threat to the continued existence of Shasta snow-wreath. The special protection and
management efforts required by CESA could reduce the effects of development and
other human activities on Shasta snow-wreath.

Overexploitation

Cuttings of Shasta snow-wreath have been collected by botanists and gardeners for
propagation and cultivation in home gardens. Shasta snow-wreath is also available for
purchase in some nurseries (Calscape 2021). However, collection activities do not
appear to be extensive and do not appear to be threatening populations of Shasta
snow-wreath. The Department does not consider overexploitation to be a significant
threat to the continued existence of Shasta snow-wreath.

Predation

Although it is likely that some herbivory occurs on Shasta snow-wreath, the Department
could not find any evidence that herbivory or predation is a threat to the species. The
Department does not consider predation to be a significant threat to the continued
existence of Shasta snow-wreath.

Competition

Invasive plant species have been documented to pose serious threats to biodiversity
around the world and are a particularly pervasive problem in Mediterranean-type
habitats like those in California. Himalayan blackberry, French broom, Scotch broom,
and other invasive plants occur within and adjacent to Shasta snow-wreath populations.
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The Department considers competition with invasive plant species, particularly
Himalayan blackberry and Scotch broom, to be a significant threat to the continued
existence of Shasta snow-wreath.

Disease

There are no diseases known to be threats to the continued existence of Shasta snow-
wreath. The Department does not consider disease to be a significant threat to the
continued existence of Shasta snow-wreath.

Other Natural Occurrences or Human-related Activities

Shasta snow-wreath faces a number of significant threats to its persistence from
reproductive and life-history challenges. The low genetic diversity of Shasta snow-
wreath populations makes it less adaptable to changing environmental conditions or
other factors, such as disease or climate change. Limited dispersal mechanisms of
Shasta snow-wreath due to the lack of reproduction from seed and the steep
topographical impediments of the area severely restrict Shasta snow-wreath from
dispersing to new habitats, making it more susceptible to population reductions or
extirpations resulting from climate change or other disturbances. The perennial, long-
lived nature of Shasta snow-wreath, together with its isolated populations and low
dispersal capabilities, creates a scenario where extinction debt is also a possible
phenomenon for this species, and human-induced threats may accelerate the pace
towards extinction. The Department does not expect that the special protection and
management efforts required by CESA would reduce the effects of reproductive and
life-history challenges on Shasta snow-wreath.

Shasta snow-wreath habitat is also threatened by climate change. As the climate
system warms, potentially suitable habitat is expected to shift upwards in elevation to
upstream areas, and suitable Shasta snow-wreath habitat will likely be reduced. As
temperatures warm, the lower elevation habitat where Shasta snow-wreath occurs may
become unsuitable for the species as the climate conditions it is currently found in are
pushed farther upstream to higher elevations. If the current habitat becomes unsuitable
due to climate change, there are three ways in which Shasta snow-wreath can persist:
(1) disperse into nearby favorable habitat; (2) endure the changes through attributes the
species already possesses (i.e., phenotypic plasticity); or (3) undergo evolutionary
adaptation. Shasta snow-wreath faces severe limitations to dispersal and range shift
since it is only known to reproduce through vegetative means, and it grows in areas of
steep terrain with topographical impediments to dispersal. Due to these limitations, it is
unlikely that Shasta snow-wreath could disperse into nearby habitat in the face of
climate change. In addition, its low genetic diversity decreases the likelihood of
adaptation, and the lack of sexual reproduction makes it less likely to undergo
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evolutionary adaptation. The Department does not expect that the special protection
and management efforts required by CESA would reduce the effects of climate change
impacts on Shasta snow-wreath.

Chance events, such as the inadvertent application of herbicide during efforts to control
interspersed non-native species or failure to implement specified protective measures
for land management activities are possible and present an additional threat to Shasta
snow-wreath.

The Department considers other natural occurrences or human-related activities
described above to be a significant threat to the continued existence of Shasta snow-
wreath.

SUMMARY OF KEY FINDINGS

Shasta snow-wreath is an uncommon species that is only known from 31 populations
(26 CNDDB element occurrences) near Shasta Lake. The populations vary in extent
and were likely larger and more connected prior to the construction of Shasta Dam and
the filling of Shasta Lake in the 1940’s. Shasta snow-wreath has demonstrated very low
genetic diversity within populations. Populations seemingly comprised of hundreds to
thousands of plants could actually be comprised of clones of as few as 1-15 genetically
distinct individuals within each population. When considering the number of genets or
actual individuals, Shasta snow-wreath populations are quite small. Species with small
population sizes are highly vulnerable to extinction due to stochastic (chance)
demographic, environmental, and genetic events. In addition, populations with low
genetic diversity are vulnerable to extirpation due to changing environmental conditions,
and the threat of climate change compounds this risk for Shasta snow-wreath. Shasta
snow-wreath appears incapable of reproducing by seed, limiting its ability to expand into
nearby habitat, which threatens its persistence, especially with the predicted changing
climate. Extinction debt is also a possible phenomenon for Shasta snow-wreath, which
is considered a relict species, or a “living fossil” remaining from a formerly more
widespread group whose close relatives have gone extinct.

Populations of Shasta snow-wreath are threatened by the encroachment of aggressive
invasive species, such as Himalayan blackberry and Scotch broom. In addition, the
proposed project to raise Shasta Dam would result in a rising lake level that would
inundate portions of half of the known Shasta snow-wreath populations. Although the
area of impact from the proposed project to raise Shasta Dam is small, any impacts
could result in aloss of important genetic diversity of Shasta snow-wreath and increase
its vulnerability to extinction.
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Shasta snow-wreath faces a number of threats to its survival. An endangered species is
one that is in serious danger of becoming extinct throughout all or a significant portion of
its range (Fish & G. Code, § 2062), and a threatened species is one that, although not
currently faced with extinction, is likely to become an endangered species in the
foreseeable future in the absence of protection by CESA (Fish and G. Code § 2067).
Although Shasta snow-wreath is not currently faced with extinction, it is at risk from
invasive plants, inability to reproduce and disperse by seed, stochastic (chance) events
due to low genetic diversity and small population sizes, modification or destruction of
habitat, and potentially from effects of altered fire regime and climate change, and it
could become an endangered species in the foreseeable future. The information
available to the Department regarding the status of Shasta snow-wreath indicates that
there are significant threats to the continued existence of the species.

RECOMMENDATION FOR PETITIONED ACTION

CESA directs the Department to prepare this report regarding the status of Shasta
snow-wreath in California based upon the best scientific information available to the
Department (Fish & G. Code, § 2074.6). CESA also directs the Department to indicate
in this Status Review whether the petitioned action is warranted (Fish & G. Code, §
2074.6; Cal. Code Regs., tit. 14, § 670.1, subd. (f)). In addition to evaluating whether
the petitioned action to list Shasta Snow-wreath as endangered is warranted, the
Department also considered whether listing the species as threatened under CESA is
warranted.

Under CESA, an endangered species is defined as “a native species or subspecies of a
bird, mammal, fish, amphibian, reptile, or plant which is in serious danger of becoming
extinct throughout all, or a significant portion, of its range due to one or more causes,
including loss of habitat, change in habitat, overexploitation, predation, competition, or
disease (Fish & G. Code, § 2062). A threatened species is defined as “a native species
or subspecies...that although not presently threatened with extinction, is likely to
become an endangered species in the foreseeable future in the absence of the special
protection and management efforts required by [CESA]” (Fish and G. Code § 2067).

The Department includes and makes its recommendation in this Status Review as
submitted to the Commission in an advisory capacity based on the best available
science. Based on the criteria described above, the best scientific information available
to the Department indicates that Shasta snow-wreath, although not presently threatened
with extinction, is likely to become an endangered species in the foreseeable future in
the absence of the special protection and management efforts required by CESA. The
Department recommends that listing Shasta snow-wreath as threatened under CESA is
warranted at this time.
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PROTECTION AFFORDED BY LISTING

It is the policy of the state to conserve, protect, restore and enhance any endangered or
any threatened species and its habitat (Fish & G. Code, § 2052). If listed under CESA,
unauthorized “take” of Shasta snow-wreath will be prohibited, making the conservation,
protection, and enhancement of the species and its habitat an issue of statewide
concern. As noted earlier “take” is defined under CESA as hunt, pursue, catch, capture,
or Kill, or attempt to hunt, pursue, catch, capture, or kill (/d., § 86). Any person violating
the take prohibition would be punishable under state law. The Fish and Game Code
provides the Department with related authority to authorize “take” under certain
circumstances (/d., §§ 2081, 2081.1, 2086, 2087, 2089.6, 2089.10 and 2835). As
authorized through an incidental take permit, however, impacts of the taking of Shasta
snow-wreath caused by the activity must be minimized and fully mitigated according to
state standards.

Additional protection of Shasta snow-wreath following listing would also occur during
required public agency environmental review under CEQA, and its federal counterpart,
NEPA. CEQA and NEPA both require affected public agencies to analyze and disclose
project-related environmental effects, including potentially significant impacts on
endangered, threatened, and rare special status species. Under CEQA’s “substantive
mandate,” for example, state and local agencies in California must avoid or substantially
lessen significant environmental effects to the extent feasible. With that mandate, and
the Department’s regulatory jurisdiction generally, the Department expects related
CEQA and NEPA review will likely result in increased information regarding the status of
Shasta snow-wreath in California and result in updated occurrence and abundance
information for individual projects. Where significant impacts are identified under CEQA,
the Department expects project-specific required avoidance, minimization and mitigation
measures will also benefit the species. While both CEQA and NEPA would require
analysis of potential impacts to Shasta snow-wreath regardless of its listing status under
CESA, the laws contain specific requirements for analyzing and mitigating impacts to
listed species. In common practice, potential impacts to listed species are examined
more closely in CEQA and NEPA documents than potential impacts to unlisted species.
State listing, in this respect, and required consultation with the Department during state
and local agency environmental review under CEQA, is also expected to benefit the
species in terms of related impacts for individual projects that might otherwise occur
absent listing. However, since many of the Shasta snow-wreath occurrences are on
land under federal jurisdiction, and only actions that require discretionary approval by a
state or local agency trigger CEQA, it is unlikely that there will be many actions
triggering CEQA environmental review affecting the species on those lands.
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If Shasta snow-wreath is listed under CESA, it may increase the likelihood that state
and federal land and resource management agencies will allocate funds towards
protection and recovery actions. However, funding for species recovery and
management is limited, and there is a growing list of threatened and endangered
species. Listing under CESA would also increase Shasta snow-wreath’s eligibility for
recovery or scientific research grants. Lastly, in common practice, many efforts (e.g.,
policy and regulation development, staffing allocations) prioritize listed species.

MANAGEMENT RECOMMENDATIONS AND RECOVERY MEASURES

CESA directs the Department in its Status Review to recommend management
activities and other recommendations for recovery of Shasta snow-wreath (Fish & G.
Code, § 2074.6; Cal. Code Regs., tit. 14, § 670.1, subd. (f)). The utility of current data
on Shasta snow-wreath is limited by being largely anecdotal and qualitative. Studies
designed to provide quantitative data on Shasta snow-wreath populations and the
factors that affect the potential for Shasta snow-wreath to survive and reproduce are
necessary for species management and conservation. Department staff generated the
following list of recommended management actions and recovery measures to achieve
conservation of Shasta snow-wreath. The Department recommends that the following
actions be coordinated by the U.S. Forest Service as the primary land manager, in
cooperation with private landowners, the U.S. Fish and Wildlife Service, the
Department, researchers, and tribal and other partners.

e Convene a working group or recovery team to complete and implement a
recovery plan for Shasta snow-wreath in collaboration with the U.S. Fish and
Wildlife Service (Fish & G. Code § 2079.1);

¢ Research the reproductive system of Shasta snow-wreath, specifically factors
related to self-compatibility, pollination, seed viability, germination, and
recruitment, to inform potential future introductions or population expansions;

e Conduct additional research on genetic diversity within and between all known
Shasta snow-wreath populations;

e Design and conduct population biology studies to determine characteristics of
historic genetic diversity within the species and to determine if present diversity is
relictual or novel;

e Implement an invasive species early detection and removal program at Shasta
snow-wreath populations where invasive species are not yet established;

e Implement an invasive species removal program to control Himalayan
blackberry, Scotch broom, and other aggressive invasive species at Shasta
snow-wreath populations with established infestations;
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Conduct habitat modeling using geographic information systems or another
comparable method to determine the locations of suitable habitat in and around
the current range of Shasta snow-wreath, and conduct focused surveys for
additional populations/occurrences;

Collect and propagate Shasta snow-wreath cuttings from individual genets and
maintain plants in living collections at Department-permitted botanical gardens to
conserve the species’ genetic diversity;

Design and implement a standardized, range-wide search for Shasta snow-
wreath seedlings throughout its habitat;

Design and implement population monitoring and adaptive management
programs for the Shasta snow-wreath populations to determine if habitat
suitability or occupied habitat is being reduced or remaining stable. Ensure that
monitoring results trigger appropriate management responses such as
implementing other measures to control invasive species or controlling
recreational activities. Make the data and reports from monitoring and adaptive
management programs available to resource agencies and to those who are
directly involved in Shasta snow-wreath management;

Implement a program to detect Shasta snow-wreath population trends using
statistically-valid population estimates.

ACKNOWLEDGEMENTS

The Department would like to thank Julie Kierstead, Len Lindstrand 1ll, and Jane Van
Susteren for providing scientific peer review for this Status Review.

LITERATURE CITED

The following sources were used during the preparation of this Status Review report:

Literature

ABATZOGLOU, J. T.,AND A. P. WiLLIAMS. 2016. Impact of anthropogenic climate change

on wildfire across western US forests. Proceedings of the National Academy of
Sciences of the United States of America 113:11770-11775.

ACKERLY, D.D., S.R. LoARE, W. K. CORNWELL, S. B. WEISS, H. HAMILTON, R.

BRANCIFORTE, AND N. J. B. KRAFT. 2010. The geography of climate change:
implications for conservation biogeography: geography of climate change.
Diversity and Distributions 16:476—487.

43



AGUILAR, R., M. QUESADA, L. ASHWORTH, Y. HERRERIAS-DIEGO, AND J. LOBO. 2008.
Genetic consequences of habitat fragmentation in plant populations: susceptible
signals in plant traits and methodological approaches. Molecular Ecology
17:5177-5188.

BOSSARD, C. 2000. Cytisus scoparius (L.) Link. P. Pp. 145-150 in Bossard, C.C.,
Randall, J.M., Hoshovsky, M.C., eds. Invasive plants of California’s wildlands.
Berkeley, CA: University of California Press.

BROUILLET, L. 1993. Rosaceae Tribe Kerrieae. P.386 in Flora of North America Editorial
Committee, ed. Flora of North America North of Mexico [Online]. New York and
Oxford.

BuTtz, R.J., S. SAWYER, AND H. SAFFORD. 2015. A summary of current trends and
probable future trends in climate and climate-driven processes for the Shasta-
Trinity National Forest and surrounding lands. USDA Forest Service Report.
Available from:
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd490216.pdf
[Accessed 28 September 2021].

CALFIRE [CALIFORNIA DEPARTMENT OF FORESTRY AND FIRE PROTECTION]. 2021. Forest
Practice. [Internet]. Available from: https://www.fire.ca.gov/programs/resource-
management/forest-practice/ [accessed 27 May 2021].

CALIFORNIA GEOLOGICAL SURVEY. 2002. California Geological Survey Note 36. California
Department of Conservation. Available from:

https://www.conservation.ca.gov/cgs/Documents/Publications/CGS-Notes/CGS-
Note-36.pdf. [Accessed 14 October 2020].

CALSCAPE. 2021. Nurseries carrying Shasta snow-wreath (Neviusia cliftonii).
https://calscape.org/nurseries.php?id=2622&nursery_type=all [accessed 29 April
2021].

CARILLO, C.,ANDM. D. DAvis. 2019. Westlands Water District Signs Agreement Barring
Participation in Shasta Dam Expansion. Argent Communications Group.
Available from: https://argentco.com/post/westlands-water-district-signs-
agreement-barring-participation-in-shasta-dam-expansion/ [Accessed 29
September 2021].

CDFW [CALIFORNIA DEPARTMENT OF FISH AND WILDLIFE]. 2021a. Climate change
vulnerability assessment for Shasta snow-wreath (Neviusia cliftonii). The
NatureServe climate change vulnerability index, Release 3.02.

44



CDFW [CALIFORNIA DEPARTMENT OF FISH AND WILDLIFE]. 2021b. Science: wildfire
impacts. Available from: https://wildlife.ca.gov/Science-Institute/Wildfire-Impacts
[Accessed 20 June 2021].

CNDDB [CALIFORNIA NATURAL DIVERSITY DATABASE]. 2020. California Natural Diversity
Database (CNDDB) Management Framework. California Department of Fish and
Wildlife. Sacramento, CA. Available from:
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=181808&inline [Accessed
16 June 2021].

CNDDB [CALIFORNIA NATURAL DIVERSITY DATABASE]. 2021. Rarefind 5 [Internet].
California Department of Fish and Wildlife [Version: 1 October 2021].

CNPS [CALIFORNIA NATIVE PLANT SOCIETY]. 2020. CNPS Rare Plant Ranks. Available
from: https://www.cnps.org/rare-plants/cnps-rare-plant-ranks [Accessed 24
November 2020].

CNPS [CALIFORNIA NATIVE PLANT SOCIETY]. 2021. A Manual of California Vegetation,
Online Edition. California Native Plant Society, Sacramento, CA. Available from:
https://vegetation.cnps.org/ [accessed 15 June 2021].

CoLE, C. T. 2003. Genetic variation in rare and common plants. Annual Review of
Ecology, Evolution, and Systematics 34:213-237.

CONSER, C., ANDE. F. CONNOR. 2009. Assessing the residual effects of Carpobrotus
edulis invasion, implications for restoration. Biological Invasions 11:349-358.

DALE, V. H., L. A. JOYCE, S. MCNULTY, R. P. NEILSON, M. P. AYRES, M. D. FLANNIGAN, P. J.
HANSON, L. C. IRLAND, A. E. LUGO, C. J. PETERSON, D. SIMBERLOFF, F. J. SWANSON,
B. J. STOCKS, AND B. M. WOTTON. 2001. Climate change and forest disturbances.
BioScience 51:723-734.

D’ANTONIO, C. M., AND P. M. VITOUSEK. 1992. Biological invasions by exotic grasses, the
grass/fire cycle, and global change. Annual Review of Ecology, Evolution, and
Systematics 23:63-87.

DE WITTE, L. C., AND J. STOCKLIN. 2010. Longevity of clonal plants: why it matters and
how to measure it. Annals of Botany 106:859-870.

DETTINGER, M. 2011. Climate change, atmospheric rivers, and floods in California - a
multimodel analysis of storm frequency and magnitude changes. Journal of the
American Water Resources Association 47:514-523.

45



DETTINGER, M. D., F. M. RALPH, T. DAS, P. J. NEIMAN, AND D. R. CAYAN. 2011.
Atmospheric rivers, floods and the water resources of California. Water 3:445—
478.

DETTINGER, M., H. HIDALGO, T. DAS, D. CAYAN, AND N. KNOWLES. 2009. Fdig. California
Energy Commission Report CEC-500-2009-050-D, Sacramento, CA. 68 pp.

DEVORE, M. L., S. M. MOORE, K. B. PIGG, AND W. C. WEHR. 2004. Fossil Neviusia leaves
(Rosaceae: Kerrieae) from the lower-middle Eocene of southern British
Columbia. Rhodora 106:197-209.

DEVORE, M. L., ANDK. B. PIGG. 2007. A brief review of the fossil history of the family
Rosaceae with a focus on the Eocene Okanogan Highlands of eastern
Washington State, USA, and British Columbia, Canada. Plant Systematics and
Evolution 266:45-57.

DEVORE, M. L., K. B. PIGG, ANDW. C. WEHR. 2005. Systematics and phytogeography of
selected Eocene Okanagan Highlands plants. Canadian Journal of Earth Science
42:205-214.

DEWoOODY, J., L. LINDSTRAND, V. D. HIPKINS, AND J. K. NELSON. 2012. Population genetics
of Neviusia cliftonii (Shasta snow-wreath): patterns of diversity in a rare endemic.
Western North American Naturalist 72:457-472.

DicITAL MAP PRODUCTS. 2021. Landvision, subscription map service.

DIRzO, R., AND P. RAVEN. 2003. Global state of biodiversity and loss. Annual Review of
Environment and Resources 28:137-167.

ELLSTRAND, N. C., AND M. L. ROOSE. 1987. Patterns of genotypic diversity in clonal plant
species. American Journal of Botany 74:123-131.

ENQuisT, B. J., X. FENG, B. BOYLE, B. MAITNER, E. A. NEWMAN, P. M. JGRGENSEN, P. R.
ROEHRDANZ, B. M. THIERS, J. R. BURGER, R. T. CORLETT, T. L. P. COUVREUR, G.
DAuBY, J. C. DONOGHUE, W. FODEN, J. C. LOVETT, P. A. MARQUET, C. MEROW, G.
MIDGLEY, N. MORUETA-HOLME, D. M. NEVES, A. T. OLIVEIRA-FILHO, N. J. B. KRAFT,
D.S. PARK, R. K. PEET, M. PILLET, J. M. SERRA-DIAZ, B. SANDEL, M. SCHILDHAUER,
|. SiMOVA, C. VIOLLE, J. J. WIERINGA, S. K. WISER, L. HANNAH, J.-C. SVENNING, AND
B.J.McGILL. 2019. The commonness of rarity: global and future distribution of
rarity across land plants. Science Advances 5:1-13.

ERTTER, B. 1993. What is snow-wreath doing in California? Fremontia 22:4-7 (now filed
as 21(3):4-7).

46



ERTTER, B., ANDJ. R. SHEVOCK. 1993. Snow-wreath and its relatives in the garden.
Fremontia 22:10-11 (now filed as 21(3):10-11).

FREILEY, K. J. 1994. Clonal diversity patterns in marginal populations of the
geographically restricted shrub Neviusia alabamensis (Rosaceae). Southwestern
Naturalist 39:34—39.

FABER-LANGENDOEN, D., J. NICHOLS, L. MASTER, K. SNOw, A. TOMAINO, R. BITTMAN, G.
HAMMERSON, B. HEIDEL, L. RAMSAY, A. TEUCHER, AND B. YOUNG. 2012. Natureserve
Conservation Status Assessments: Methodology for Assigning Ranks.
NatureServe, Arlington, VA.

FRIEED, G., B. LAITUNG, C. PIERRE, N. CHAGUE,AND F. D. PANETTA. 2014. Impact of
invasive plants in Mediterranean habitats: disentangling the effects of
characteristics of invaders and recipient communities. Biological Invasions
16:1639-1658.

FRY, D.L., AND S. L. STEPHENS. 2006. Influence of humans and climate on the fire history
of a ponderosa pine-mixed conifer forest in the southeastern Klamath Mountains,
California. Forest Ecology and Management 223:428—438.

GAERTNER, M., A. D. BREEYEN, C. Hul, AND D. M. RICHARDSON. 2009. Impacts of alien
plant invasions on species richness in Mediterranean-type ecosystems: a meta-
analysis. Progress in Physical Geography 33:319-338.

GASTON, K. J., ANDR. A. FULLER. 2009. The sizes of species’ geographic ranges. Journal
of Applied Ecology 46:1-9.

GITZENDANNER, M. A, AND P. S. SoLTIS. 2000. Patterns of genetic variation in rare and
widespread plant congeners. American Journal of Botany 87:783-792.

GRANDCOLAS, P., R. NATTIER, AND S. TREWICK. 2014. Relict species: a relict concept?
Trends in Ecology and Evolution 29:655-663.

HARRIS, G., AND S. L. PiIMM. 2007. Range size and extinction risk in forest birds.
Conservation Biology 22:163—-171.

HAYHOE, K., D. CAYAN, C. B. FIELD, P. C. FRUMHOFF, E. P. MAURER, N. L. MILLER, S. C.
MOSER, S. H. SCHNEIDER, K. N. CAHILL, E. E. CLELAND, L. DALE, R. DRAPEK, R. M.
HANEMANN, L. S. KALKSTEIN, J. LENIHAN, C. K. LUNCH, R. P. NEILSON, S. C.
SHERIDAN, AND J. H. VERVILLE. 2004. Emissions pathways, climate change, and
impacts on California. Proceedings of the National Academy of Sciences of the
United States of America 101:12422—12427.

47



HEIKENS, A. L., AND B. ERTTER. 2012. Neviusia cliftonii, in Jepson Flora Project (eds.)
Jepson eFlora. Available from
https://ucjeps.berkeley.edu/eflora/eflora_display.php?tid=69861 [Accessed 21
September 2020].

HoBOHM, C., S. VANDERPLANK, M. JANISOVA, C. Q. TANG, G. PILS, M. J. A. WERGER, C. M.
TUCKER, V. R. CLARK, N. P. BARKER, K. MA, A. MOREIRA-MUNOZ, U. DEPPE, S. E
FRANCIOLI, J. HUANG, J. JANSEN, M. OHSAWA, J. NOROOzZI, M. M. SEQUEIRA, I.
BRUCHMANN, Y. YANG. 2013. Chapter 8 Synthesis. Pp. 311-321 in Hobohm C. ed.
Endemism in Vascular Plants. Springer Netherlands. Available from:
10.13140/2.1.2810.3689 [Accessed 28 October 2021]

HOFFMANN, A. A., AND C. M. SGRo. 2011. Climate change and evolutionary adaptation.
Nature 470:479-485.

HOFFMANN, A. A., J. SHIRRIFFS, AND M. SCcOTT. 2005. Relative importance of plastic vs
genetic factors in adaptive differentiation: geographical variation for stress
resistance in Drosophila melanogaster from eastern Australia. Functional
Ecology 19:222-227.

HONNAY, O., AND H. JACQUEMYN. 2007. Susceptibility of common and rare plant species
to the genetic consequences of habitat fragmentation. Conservation Biology
21:823-831.

HosHovsKY, M. C. 2000. Rubus discolor Weihe & Nees. Pp. 277-281 in Bossard, C.C.,
Randall, J.M., Hoshovsky, M.C., eds. Invasive plants of California’s wildlands.
Berkeley, CA: University of California Press.

HoTtz, P. 1971. Geology of Lode Gold Districts in the Klamath Mountains, California and
Oregon. Geological Survey Bulletin 1290. Available from:
https://pubs.usgs.gov/bul/1290/report.pdf [Accessed 23 October 2020].

HOULTON, B. Z., AND J. LUND. 2018. Sacramento Valley Region Report. California’s
Fourth Climate Change Assessment. Publication number: SUM-CCCA4-2018-
002.

HUANG, X., AND P. A. ULLRICH. 2017. The changing character of twenty-first-century
precipitation over the western United States in the variable-resolution CESM.
Journal of Climate 30:7555-7575.

HUGHES, A.R., B. D. INOUYE, M. T. J. JOHNSON, N. UNDERWOOD, AND M. VELLEND. 2008.
Ecological consequences of genetic diversity. Ecology Letters 11:609-623.

48



IPCC [INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE]. 2014. Climate change 2014:
synthesis report. Contribution of Working Groups |, Il and Il to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change [Core
Writing Team, R.K. Pachauri, and L.A. Meyer (eds.)]. IPCC, Geneva,
Switzerland. 151 pp.

IPCC [INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE]. 2021. Summary for
Policymakers. In: Climate Change 2021: The Physical Science Basis.
Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. [Masson-Delmotte, V., P. Zhai, A.
Pirani, S. L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M. I.
Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T. K. Maycock, T.
Waterfield, O. Yelekgi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press.

JABLONSKI, D. 2002. Survival without recovery after mass extinctions. Proceedings of the
National Academy of Sciences of the United States of America 99:8139-8144.

JULES,E. S., J. I. JACKSON, R. J. BuTZ, AND H. M. KUKJIAN. 2017. Population structure and
site characteristics of the rare Shasta snow-wreath (Neviusia cliftonii). Madroio
64:116-123.

Kim, J., T.-K. KiM, R. ARRITT, AND N. MILLER. 2002. Impacts of increased atmospheric
CO2 on the hydroclimate of the western United States. Journal of Climate
15:1926-1942.

KNOWLES, N., AND D. CYAN. 2002. Potential effects of global warming on the
Sacramento/San Joaquin watershed and the San Francisco estuary.
Geophysical Research Letters 29:38—-1 to 38—4.

KUUSSAARI, M., R. BOMMARCO, R. K. HEIKKINEN, A. HELM, J. KRAUSS, R. LINDBORG, E.
OCKINGER, M. PARTEL, J. PINO, F. RODA, C. STEFANESCU, T. TEDER, M. ZOBEL, AND
|. STEFFAN-DEWENTER. 2009. Extinction debt: a challenge for biodiversity
conservation. Trends in Ecology and Evolution 24:564-571.

LANDE, R., AND S. SHANNON. 1996. The role of genetic variation in adaptation and
population persistence in a changing environment. Evolution 50:434—-437.

LEVINE, J. M., M. VILA, C. M. D’ANTONIO, J. S. DUKES, K. GRIGULIS, AND S. LAVOREL. 2003.
Mechanisms underlying the impacts of exotic plant invasions. Proceedings of the
Royal Society B: Biological Sciences 270:775-781.

LINDSTRAND, L., J. KIERSTEAD, AND D. W. TAYLOR. 2020. Post-wildfire response of Shasta
snow-wreath. California Fish and Wildlife 106:92—98.

49



LINDSTRAND, L., AND J. K. NELSON. 2006. Habitat, geologic, and soil characteristics of
Shasta snow-wreath (Neviusia cliffonii) populations. Madrofno 53:65-68.

LINDSTRAND, L., AND J. K. NELSON. 2005a. Noteworthy collections. Madrofio 126-127.

LINDSTRAND, L., AND J. K. NELSON. 2005b. Shasta snow-wreath: new occurrences and
habitat associations. Fremontia 2005:24—-26.

LOARIE, S.R., B. E. CARTER, K. HAYHOE, S. MCMAHON, R. MOE, C. A. KNIGHT, ANDD. D.
ACKERLY. 2008. Climate change and the future of California’s endemic flora.
PLoS ONE 3:2502.

LONG, A. A. 1989. Disjunct populations of the rare shrub, Neviusia alabamensis Gray
(Rosacea). Castanea 54:29-39.

MILLER, J. D., C. N. SKINNER, H. D. SAFFORD, E. E. KNAPP, AND C. M. RAMIREZ. 2012.
Trends and causes of severity, size, and number of fires in northwestern
California, USA. Ecological Applications 22:184—203.

MILLER, N. L., K. E. BASHFORD, AND E. STREM. 2003. Potential impacts of climate change

on California hydrology. Journal of the American Water Resources Association
39:771-784.

MoTE, P. W., A. F. HAMLET, M. P. CLARK, AND D. P. LETTENMAIER. 2005. Declining
mountain snowpack in western North America. Bulletin of the American
Meteorological Society 86:39-50.

NATURESERVE. 2016. The NatureServe Climate Change Vulnerability Index release
3.02. Available from: https://natureserve.org/ccvi-species [Accessed 25
September 2020].

NATURESERVE. 2020. NatureServe Explorer [web application]. NatureServe, Arlington,
Virginia. Available from: https://explorer.natureserve.org/ [Accessed 25
September 2020].

NATURESERVE. 2021. Definitions of NatureServe Conservation Status Ranks. Available
from:
https://help.natureserve.org/biotics/Content/Record_Management/Element_Files/
Element_Tracking/ETRACK_Definitions_of Heritage Conservation_Status Ran
ks.htm [accessed 16 June 2021].

50



NEWBURN, B., AND L. PAYNE. 2014. Green Horse Habitat Restoration and Maintenance
Project, Fire, Fuels, Air Quality and Vegetation Report. 75 pp. Available at:
http://data.ecosystem-
management.org/nepaweb/nepa_project_exp.php?project=29469 [Accessed 20
October 2020].

PARMESAN, C. 2006. Ecological and evolutionary responses to recent climate change.
Annual Review of Ecology, Evolution, and Systematics 37:637-669.

PARMESAN, C., AND G. YOHE. 2003. A globally coherent fingerprint of climate change
impacts across natural systems. Nature 421:37—42.

PIERCE, D.W., J. F. KALANSKY, AND D. R. CAYAN. 2018. Climate, Drought, and Sea Level
Rise Scenarios for the Fourth California Climate Assessment. California’s Fourth
Climate Change Assessment, California Energy Commission. Publication
Number: CCCA4-CEC-2018-006.

PIMENTEL, D., R. ZUNIGA, AND D. MORRISON. 2005. Update on the environmental and
economic costs associated with alien-invasive species in the United States.
Ecological Economics 52:273-288.

Pimm, S. L., C. N. JENKINS, R. ABELL, T. M. BROOKS, J. L. GITTLEMAN, L. N. JOPPA, P. H.
RAVEN, C. M. ROBERTS, AND J. O. SEXTON. 2014. The biodiversity of species and
their rates of extinction, distribution, and protection. Science 344:1246752—
1246752.

POTTER, D., T. ERIKSSON, R. C. EVANS, S. OH, J. E. E. SMEDMARK, D. R. MORGAN, M.
KERR, K. R. ROBERTSON, M. ARSENAULT, T. A. DICKINSON, ANDC. S. CAMPBELL.
2007. Phylogeny and classification of Rosaceae. Plant Systematics and
Evolution 266:5-43.

POTTER, D., AND B. ERTTER. 2014. Roseaceae., in Jepson Flora Project (eds.) Jepson
eFlora. https://ucjeps.berkeley.edu/eflora/eflora_display.php?tid=241 [Accessed
16 September 2020].

PURrvis, A., J. L. GITTLEMAN, G. COWLISHAW, AND G. M. MACE. 2000. Predicting extinction

risk in declining species. Proceedings of the Royal Society B: Biological Sciences
267:1947-1952.

RANDALL, J.M., AND M. C. HosHovVsKY. 2000. California’s Wildland Invasive Plants. Pp.
11-27 in Bossard, C.C., J.M. Randall, and M.C. Hoshovsky. Invasive Plants of
California’s Wildlands. University of California Press, Berkeley, CA.

51



RYBICKI, J., AND |. HANSKI. 2013. Species-area relationships and extinctions caused by
habitat loss and fragmentation. Ecology Letters 16:27-38.

SAFFORD, H. D., AND K. M. VAN DE WATER. 2014. Using fire return interval departure
(FRID) analysis to map spatial and temporal changes in fire frequency on
national forest lands in California. USDA Forest Service Research Paper PSW-
RP-266.

SAWYER, J. 2006. The Klamath, Land of Mountains and Canyons. Pp. 1-27 in Northwest
California, A Natural History. University of California Press.

SAWYER, J. O., T. KEELER-WOLF, AND J. M. EVANS. 2009. A Manual of California
Vegetation, Second edition. California Native Plant Society Press, Sacramento,
California.

SCHROEDER, M. J., AND C. C. Buck. 1970. Fire weather: a guide for application of
meteorological information to forest fire control operations. U.S. Department of
Agriculture, Agricultural Handbook 360. Available from:
https://www.google.com/books/edition/Fire_Weather/nCGczrF5SS4C?hl=en&gbp
v=1 [accessed 20 May 2021].

SHAFFER, K. E. 2006. Fire and At-Risk Species. Pp. 520-537 in Sugihara, N.G., Van
Wagtendonk, J.W., Schaffer, K.E., Fites-Kaufman, J., and Thode, A.E. (eds.).
Fire in California’s Ecosystems.

SHAW, M. R., L. PENDLETON, D. R. CAMERON, B. MORRIS, D. BACHELET, K. KLAUSMEYER, J.
MACKENZIE,D. R. CONKLIN, G. N. BRATMAN, J. LENIHAN, E. HAUNREITER, C. DALY,
AND P. R. ROEHRDANZ. 2011. The impact of climate change on California’s
ecosystem services. Climatic Change 109 (Suppl 1):S465-S484.

SHEVOCK, J. R. 1993. How rare is the Shasta snow-wreath? Fremontia 22:7-10 (now
filed as 21(3):7-10).

SHEVOCK, J. R., B. ERTTER, AND D. W. TAYLOR. 1992. Neviusia cliftonii (Rosaceae:
Kerrieae), an intriguing new relict species from California. Novon 2:285-289.

SILVERTOWN, J. 2008. The evolutionary maintenance of sexual reproduction: evidence
from the ecological distribution of asexual reproduction in clonal plants.
International Journal of Plant Sciences 169:157—-168.

52



SKINNER, C. N., A. H. TAYLOR, AND J. K. AGEE. 2006. Klamath Mountain bioregion. Pp.
170-194 in Sugihara, N.G., Van Wagtendonk, J.W., Schaffer, K.E., Fites-
Kaufman, J., and Thode, A.E. (eds.). Fire in California’s ecosystems. Available
from: https://www.fs.fed.us/psw/publications/skinner/psw_2006_skinner002.pdf
[Accessed 20 May 2021].

SNYDER, M. A., J. L. BELL, L. C. SLOAN, P. B. DUFFY, AND B. GOVINDASAMY. 2002. Climate
responses to a doubling of atmospheric carbon dioxide for a climatically
vulnerable region. Geophysical Research Letters 29:9—1 to 94.

SNYDER, M. A., ANDL. C. SLOAN. 2005. Transient future climate over the western United
States using a regional climate model. Earth Interactions 9(11):1-21.

STAUDE, |. R., L. M. NAVARRO, AND H. M. PEREIRA. 2020. Range size predicts the risk of
local extinction from habitat loss. Global Ecology and Biogeography. 29:16-25.

STEBBINS, G. L. 1993. Another step forward in understanding plant evolution. Fremontia
22:11-13 (now filed as 21(3):11-13).

ST107Z, G. C., C. SALGADO-LUARTE, V. M. ESCOBEDO, F. VALLADARES, AND E. GIANOLI.
2021. Global trends in phenotypic plasticity of plants. Ecology Letters ele.13827.

TAYLOR, A. H., AND C. N. SKINNER. 1998. Fire history and landscape dynamics in a late-
successional reserve, Klamath Mountains, California, USA. Forest Ecology and
Management 111:285-301.

TAYLOR, A. H., AND C. N. SKINNER. 2003. Spatial patterns and controls on historical fire
regimes and forest structure in the Klamath Mountains. Ecological Applications
13:704-719.

TAYLOR, D. 1993. A New Discovery in California. Fremontia 22:3-4 (now filed as 21(3):3-
4).

USDA [UNITED STATES DEPARTMENT OF AGRICULTURE]. 1995. Shasta-Trinity National
Forests, Land and Resource Management Plan. Available from:
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5209391.pdf
[Accessed 16 June 2021].

USDA [U.S. DEPARTMENT OF AGRICULTURE]. 2005. Forest Service Manual (fsm) 2600 -
Wildlife, Fish, and Sensitive Plant Habitat Management. Chapter 2670 -
Threatened, Endangered, and Sensitive Plants and Animals. 2670.32 - Sensitive
Species. Available from: https://www.fs.fed.us/cgi-
bin/Directives/get_dirs/fsm?2600 [Accessed 24 November 2020].

53



USDA [U.S. DEPARTMENT OF AGRICULTURE]. 2014. Management Guide, Shasta and
Trinity Units, Whiskeytown-Shasta-Trinity National Recreation Area. Version
2.12.2014. Available from:
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3790610.pdf
[Accessed 27 May 2021].

USDIBOR [UNITED STATES DEPARTMENT OF THE INTERIOR, BUREAU OF RECLAMATION].
2015a. Shasta Lake Water Resources Investigation Feasibility Report.
Sacramento, California.

USDI BOR [UNITED STATES DEPARTMENT OF THE INTERIOR, BUREAU OF RECLAMATION].
2015b. Shasta Lake Water Resources Investigation Final Environmental Impact
Statement. Sacramento, California.

USDIBOR [UNITED STATES DEPARTMENT OF THE INTERIOR, BUREAU OF RECLAMATION].
2020. Final Supplemental Environmental Impact Statement, Shasta Lake Water
Resources Investigation. Sacramento, California.

USDIBOR [UNITED STATES DEPARTMENT OF THE INTERIOR, BUREAU OF RECLAMATION].
2021. Details: Hydraulics & Hydrology. Available from:
https://www.usbr.gov/projects/index.php?id=241 [Accessed 28 June 2021].

USFS ALP [U.S. FOREST SERVICE, AUTOMATED LANDS PROGRAM]. 2015a.
S_USA.OtherNationalDesignatedArea, vector digital data. Available from:
http://data.fs.usda.gov/geodata/edw/datasets.php [Accessed 27 May 2021].

USFS ALP [U.S. FOREST SERVICE, AUTOMATED LANDS PROGRAM]. 2015b.
S _USA.SpeciallnterestManagementArea, vector digital data. Available from:
http://data.fs.usda.gov/geodata/edw/datasets.php [Accessed 27 May 2021].

USFS [U.S. FOREST SERVICE]. 2021a. Forest Management. Available from:
https://www.fs.fed.us/forestmanagement/ [Accessed 20 June 2021].

USFS [U.S. FOREST SERVICE]. 2021b. U.S. Forest Service, about us. Available from:
https://www.fs.fed.us/forestmanagement/aboutus/index.shtml [Accessed 20 June
2021].

USFWS [U.S. FisH AND WILDLIFE SERVICE]. 2021. Endangered and Threatened Species:
90-Day Findings for Three Species. Federal Register 86:15637—15638.

54



VAN KLEUNEN, M., W. DAWSON, F. ESsL, J. PERGL, M. WINTER, E. WEBER, H. KREFT, P.
WEIGELT, J. KARTESZ, M. NISHINO, L. A. ANTONOVA, J. F. BARCELONA, F. J. CABEZAS,
D. CARDENAS, J. CARDENAS-TORO, N. CASTANO, E. CHACON, C. CHATELAIN, A. L.
EBEL, E. FIGUEIREDO, N. FUENTES, Q. J. GROOM, L. HENDERSON, INDERJIT, A.
KUPRIYANOV, S. MASCIADRI, J. MEERMAN, O. MOROZOVA, D. MOSER, D. L. NICKRENT,
A. PATZELT, P. B. PELSER, M. P. BAPTISTE, M. POOPATH, M. SCHULZE, H. SEEBENS,
W. SHu, J. THOMAS, M. VELAYOS, J. J. WIERINGA, AND P. PYSEK. 2015. Global
exchange and accumulation of non-native plants. Nature 525:100-103.

WILCOVE, D. S., D. ROTHSTEIN, J. DuBOW, A. PHILLIPS, AND E. LOS0OS. 1998. Quantifying
threats to imperiled species in the United States. Bioscience 48:607—615.

WILLIAMS, A. P., J. T. ABATZOGLOU, A. GERSHUNOV, J. GUZMAN-MORALES, D. A. BISHOP, J.
K.BALCH, ANDD. P. LETTENMAIER. 2019. Observed Impacts of Anthropogenic
Climate Change on Wildfire in California. Earth’s Future 7:892-910.

WRCC [WESTERN REGIONAL CLIMATE CENTER]. 2016. Monthly climate summary, Shasta
Dam, California (048135). Period of record 1/1/1943-6/10/2016. Western
Regional Climate Center, Reno, NV. Available from: https://wrcc.dri.edu/cgi-
bin/cliMAIN.pl?ca8135 [Accessed 18 June 2021].

YANG, Y. Y., AND J. G. KIM. 2016. The optimal balance between sexual and asexual
reproduction in variable environments: a systematic review. Journal of Ecology
and Environment 40(12). Available from: https://doi.org/10.1186/s41610-016-
0013-0 [Accessed 18 June 2021].

YOON, J.-H., S.-Y.S. WANG, R. R. GILLIES, B. KrRAVITZ, L. HIPS, AND P. RASCH. 2015.
Increasing water cycle extremes in California and in relation to ENSO cycle
under global warming. Nature Communications 6:8657.

YOUNG, B. E., E. BYERS, G. HAMMERSON, A. FRANCES, L. OLIVER, AND A. TREHER. 2015.
Guidelines for using the NatureServe Climate Change Vulnerability Index
Release 3.0. Arlington, VA: NatureServe.

YURKONIS, K. A., AND S. J.MEINERS. 2004. Invasion impacts local species turnover in a
successional system. Ecological Letters 7:764—769.

95



Personal Communication

KIERSTEAD, J. 2021. Shasta snow-wreath Status Review peer review comments. See
Appendix C.

LINDSTRAND lll, L. 2020. E-mail message sent from Len Lindstrand Il to Cherilyn Burton
in response to the notification of Status Review for Shasta snow-wreath soliciting
data and comments from interested and affected parties. See Appendix B.

LINDSTRAND I, L. 2021. Shasta snow-wreath Status Review peer review comments.
See Appendix C.

56



APPENDIX A: Summary of Shasta Snow-wreath Populations and Threats



Summary of Shasta Snow-wreath (Neviusia cliftonii) Populations and Threats
(USDI BOR 2015b; CNDDB 2021; Digital Map Products 2021)

CNDDB Population Size Estimated Year(s) of Ownership | Notable Threats/Notes
Element Name (acres) Population | Population
Occurrence # Size Estimate(s)**
(Ramets)**
1 Cedar Creek | Not Not available | N/A State of Himalayan blackberry (Rubus armeniacus) occurs in and
available California near the population (Department observation).
2 Squaw Creek | 19.6* Not available | N/A USFS- Himalayan blackberry occurs near the population and is
Shasta- prevalent in the vicinity (Lindstrand pers. comm. 2020).
Trinity
National
Forest,
Private
3 Ellery 41.85* 1000s 2019 USFS- Inundation from the project to raise the height of Shasta
Creek/South Shasta- Dam; Himalayan blackberry and French broom (Genista
of Ellery Trinity monspessulana) occur here. Includes former CNDDB
Creek (former National element occurrence #4. Considered 2 populations.
EO #4) Forest
4 N/A Subsumed into CNDDB element occurrence #3
5 Curl Creek 33.07* 1729 2011-2013 USFS-
Shasta-
Trinity
National
Forest
6 Campbell 1.9* 1022 2011-2013 USFS- Inundation from the project to raise the height of Shasta
Creek Shasta- Dam; Himalayan blackberry occurs near the downstream-
Trinity most portion of the population and could potentially spread.
National
Forest
7 Low Pass 51.9* 11,708 2011 -2013 USFS- Occurrence is found along both sides of a historic jeep trail
Shasta- that is functionally a foot trail. Invasive Himalayan
Trinity blackberry present within and adjacent to the population.
National

Forest




CNDDB Population Size Estimated Year(s) of Ownership | Notable Threats/Notes
Element Name (acres) Population | Population
Occurrence # Size Estimate(s)**
(Ramets)**
8 Bear Gulch <8.8" 1000-1500 2019 Private Extensive Himalayan blackberry growth occurs along the
(Stimpel- Bear Gulch corridor, including plants within and near the
Wiebelhaus | Shasta snow-wreath population.
and Sierra
Pacific
Industries
[SPI)
9 Mountain Not Not available | N/A Private No determination of specific threats can be assessed. Near
Gate available (Mountain an active gravel quarry. Threats frominvasive species is
Gate assumed due to the prevalence of Himalayan blackberry
Quarry) throughout the area.
10 Cove 1.33* 1000s 2006 USFS- Inundation from the project to raise the height of Shasta
Creek/South Shasta- Dam. Considered 2 populations.
of Cove Trinity
Creek National
Forest
11 Ripgut Creek | 0.18* 100 2003 USFS-
Shasta-
Trinity
National
Forest
12 Stein Creek <42.15M | 716to 2010; 2011- USFS- Inundation from the project to raise the height of Shasta
“thousands” | 2012 Shasta- Dam. Extent of population may be less than 42.15 acres.
Trinity Timberland management activities occurred within the
National population historically and during 2012-2015. 716 average
Forest, and | ramet population size in 2011-2012. Includes former
Private CNDDB element occurrence #13.
(SPI)
13 N/A Subsumed into CNDDB element occurrence #12.
14 Waters Gulch | 10.88* 20,100 2011-2013 USFS- Trail maintenance; Himalayan blackberry and Scotch
Shasta- broom occur in the population.
Trinity
National
Forest
15 Keluche 0.15* 500-1000 2003 USFS- Inundation from the project to raise the height of Shasta
Creek Shasta- Dam.
Trinity
National

Forest




CNDDB Population Size Estimated Year(s) of Ownership | Notable Threats/Notes
Element Name (acres) Population | Population
Occurrence # Size Estimate(s)**
(Ramets)**
16 Blue Ridge 1.17* 4585 2011-2013 USFS- Inundation from the project to raise the height of Shasta
Shasta- Dam; Himalayan blackberry present in the population.
Trinity Considered 3 populations.
National
Forest
17 Flat Creek 2.67* 1000s 2007 USFS-
Shasta-
Trinity
National
Forest
18 Brock Creek | 1.38* 100+ 2004 USFS- Inundation from the project to raise the height of Shasta
Shasta- Dam.
Trinity
National
Forest
19 Stein West 4.92* 1000s 2006 USFS-
Shasta-
Trinity
National
Forest
20 Shasta 0.08* <100 2007 USFS- Inundation from the project to raise the height of Shasta
Caverns Shasta- Dam.
Trinity
National
Forest
21 Jones Valley | 0.34* 3878 2011-2013 USFS- Inundation from the project to raise the height of Shasta
Shasta- Dam; Himalayan blackberry occurs within and near the
Trinity population.
National
Forest
22 Manzanita Hill | 0.69* 500-1000 2012, 2019 Private — Plants were outside of the timber harvest unitand are
SPI protected within an SPI Habitat Retention Area (HRA) and
a Watercourse and Lake Protection Zone (WLPZ).
Himalayan blackberry present in the population.
23 McCandless | 18.8* 5000-7100 2012, 2014 Private — Timber harvest activities occurred along the edge of the
Gulch SPI population in 2014-2015. Himalayan blackberry present.




CNDDB Population Size Estimated Year(s) of Ownership | Notable Threats/Notes
Element Name (acres) Population | Population
Occurrence # Size Estimate(s)**
(Ramets)**
24 East of Stein | 0.01 20-30 2015 USFS- Inundation from the project to raise the height of Shasta
Creek Shasta- Dam. Considered part of the Stein Creek population
Trinity (element occurrence #12) (Lindstrand pers. comm. 2020,
National 2021)

Forest
25 North of 1.37* 1700-2275 2014 USFS- Inundation from the project to raise the height of Shasta
Marble Creek Shasta- Dam. Considered 3 populations.

Trinity
National
Forest
26 Allie Cove 0.04* 150-200 2015 USFS-
Shasta-
Trinity
National
Forest
27 Bear Canyon | 1.0 1500-2000 2016 USFS- Inundation from the project to raise the height of Shasta
Shasta- Dam.

Trinity
National
Forest
28 Roberts 0.75 300—400 2016 USFS- Inundation from the project to raise the height of Shasta
Canyon Shasta- Dam.

Trinity
National
Forest

CNDDB = California Natural Diversity Database

Note: Sometimes an element occurrence is subsumed within another elementoccurrence as additional information is collected, and this has
occurred for Shasta snow-wreath. Thus, former element occurrences 4 and 13 are no longer separate entities in the CNDDB, and there are
currently occurrence numbers up to 28 (element occurrence numbers for a given species are never reassigned).

**Some CNDDB occurrences document population estimates for multiple years, and some estimates are from partial surveys or a portion of the
occurrence. “Estimated Population Size (Ramets)” in this table is the most recent and complete estimate for an occurrence, and “Year(s) of
Population Estimate(s)” corresponds with the estimate used in the table.

*Source: Detailed digital mapping data submitted to the CNDDB in shapefile format.

ASource: CNDDB shapefile. The CNDDB mapped polygons include a buffer. Therefore, the areas of the CNDDB polygons are larger than the actual
extent of each population.

*Source: SLWRI EIS

*Source: CNDDB description.
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