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The California Department of Fish and Wildlife (Department) has prepared the
attached Status Review for the Fish and Game Commission (Commission) regarding
the petition from the Center for Biological Diversity to list western Joshua tree (Yucca
brevifolia) as threatened pursuant to the California Endangered Species Act (CESA,;
Fish & G. Code, 8§ 2050 et seq.). The Commission received the petition on October
21, 2019. The attached status review represents the Department’s final written review
of the status of western Joshua tree and is based on the best scientific information
available to the Department.

The status review contains the Department’s recommendation that listing western
Joshua tree as threatened is not warranted at this time. The Department recognizes
there will be a substantial reduction in areas with suitable climate conditions for
western Joshua tree in the foreseeable future. This reduction in combination with
other threats is expected to have negative effects on the abundance of western
Joshua tree and is cause for substantial concern. Nevertheless, western Joshua tree
is currently abundant and widespread, which lessens the overall impact of these
threats and lowers the threat of extinction within the foreseeable future. While the
Department acknowledges the significant threats western Joshua tree faces, the
Department ultimately concluded that the best available scientific evidence does not
sufficiently demonstrate that populations of the species are negatively trending in a
way that would show the species is likely to be in serious danger of becoming extinct
throughout all of its range, or throughout the proposed northern or southern
evolutionarily significant units the Petition identifies, due to one or more causes,
including loss of habitat, change in habitat, overexploitation, predation, competition,
or disease, in the foreseeable future in the absence of special protection and
management efforts required by CESA.

If you have questions or need additional information, please contact Jeff Drongesen,
Branch Chief, Habitat Conservation Planning Branch at (916) 207-2823, or by e-mail
at nativeplants@wildlife.ca.gov, Attn: Western Joshua Tree.
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EXECUTIVE SUMMARY

This Status Review is based on the best scientific information available to the California

Department of Fish and Wildlife (Department) on western Joshua tree (Yucca brevifolia

Engelm.) and servesasthebDVLV IRU WKH &DOLIRUQLD '"HSDUWPHQW RI
(Department) recommendation to the California Fish and Game Commission

(Commission) on whether to list the species as threatened under the California

Endangered Species Act (CESA). On October 21, 2019, the Center for Biological

Diversity submitted a petition to the Commission requesting that western Joshua tree be

listed as a threatened species under CESA (Petition). At its scheduled public meeting

on September 22, 2020, the Commission considered the Petition, and based in part on

WKH '"HSDUWPHQWTV 3HWLWLRQ HYDOXDWLRQ DQG UHFRPPHQ
exists to indicate the petitioned action may be warranted and accepted the Petition for

consideration. Western Joshua tree was designated a candidate species on October 9,

2020, upon publication of the Commission's notice of its findings. This Status Review

has also been independently reviewed by scientific peers.

Western Joshua tree is relatively widespread and abundant in California and is found in
the Mojave Desert and Great Basin. Precipitation in these areas is low and oscillates
between wetter and drier conditions over multi-year and multi-decade timescales.
Sexual reproduction of western Joshua tree requires pollination by the moth species
Tegeticula synthetica, and seed dispersal is facilitated by the scatter hoarding behavior
of rodents. Several successive years of wet and/or cool conditions are then required to
ensure seed germination and seedling survival. A western Joshua tree may require 30
to 50 or more years to reach reproductive maturity, and individual trees can survive for
very long periods of time, perhaps over 150 years. The species is capable of asexual
(clonal) reproduction which may allow individuals to survive indefinitely under
appropriate conditions.

The population size and area occupied by western Joshua tree have declined since
European settlement largely due to habitat modification and destruction, a trend that
has continued to the present. Primary threats to the species are climate change,
development and other human activities, and wildfire. Available species distribution
models suggest that areas predicted to be suitable for western Joshua tree based on
20th century climate data will decline substantially through the end of the 21st century
(2100) as a result of climate change, especially in the southern and lower elevational
portions of its range. Predicted habitat for western Joshua tree based on 20th century
climate conditions will likely remain in some areas at the end of the 21st century, and
newly appear to the north and in higher elevation areas, although western Joshua tree
is unlikely to colonize areas with newly suitable climate conditions quickly. The degree
to which climate change will affect western Joshua tree populations will depend on both



the magnitude of climate change and the species fesilience to a changing climate.
Predicted loss of areas of 20th century suitable climate conditions for western Joshua
tree could result in an overall reduction in the number of new individuals added to the
population or an increase in adult tree mortality, but the Department does not currently
have information demonstrating that loss of areas with 20th century suitable climate
conditions will result in impacts on existing populations that are severe enough to
threaten to eliminate the species from a significant portion of its range by the end of the
21st century. The effects of development and other human activities will cause western
Joshua tree habitat and populations to be lost, particularly in the southern part of the
species fange, but many populations within the range of the species are protected from
development, suggesting that a significant portion of the species fange will not be lost
by development alone. Wildfire can also kill over half of western Joshua trees in areas
that burn, and wildfire impacted approximately 2.5% of the VS HF L HV {h €aBh@0thke
last two decades, but wildfire does not appear to result in loss of range, only lowering of
abundance within the species ffange.

There will be a substantial reduction in areas with 20th century suitable climate
conditions for western Joshua tree by the end of the 21st century (2100), which is
considered to be the foreseeable future for the purposes of this Status Review. This
reduction in areas with 20th century suitable climate conditions in combination with
other threats to the species is expected to have negative effects on the abundance of
western Joshua tree and is substantial cause for concern. Nevertheless, western
Joshua tree is currently abundant and widespread, which lessens the overall relative
impact of the threats to the species, and substantially lowers the threat of extinction
within the foreseeable future. Furthermore, the Department does not have the data to
determine the extent to which climate changes that are expected to occur in the
foreseeable future are likely to affect western Joshua tree range within California within
this timeframe. While the Department recognizes the threats faced by the species, and
the evidence presented in favor of the petitioned action, the scientific evidence that is
currently possessed by the Department does not demonstrate that populations of the
species are negatively trending in a way that would lead the Department to believe that
the species is likely to be in serious danger of becoming extinct throughout all or a
significant portion of its range in the foreseeable future.

The Department recommends that the Commission find that the recommended action to
list western Joshua tree as a threatened species is not warranted.



INTRODUCTION
Species Being Reviewed

This Status Review addresses the plant Yucca brevifolia Engelm. For the purposes of
this Status Review the term %estern Joshua tree “shall mean the species Yucca
brevifolia and the term ®astern Joshua tree “shall mean the species Yucca jaegeriana
(McKelvey) L.W. Lenz. The more general term 3- RV K X D st\alUb¢ Hsed to mean both
western Joshua tree and eastern Joshua tree collectively, or it may be used when the
information presented is not known to be specific to one of the two species. Information
that is specific to eastern Joshua tree is sometimes presented in this Status Review
because it may be applicable to western Joshua tree or may provide relevant context.
Additional information on the distinction between western Joshua tree and eastern
Joshua tree is presented in the Taxonomy section of this Status Review.

Petition Evaluation Process

A petition to list the western Joshua tree (Yucca brevifolia Engelm.) as threatened under

the California Endangered Species Act (CESA) was submitted to the Fish and Game

Commission (Commission) on October 21, 2019 by the Center for Biological Diversity.

Commission staff transmitted the petition to the Department of Fish and Wildlife

(Department) pursuant to Fish and Game Code section 2073 on November 1, 2019 and

published a formal notice of receipt of the petition on November 22, 2019 (Cal. Reg.

Notice Register 2019, No. 47-Z, pp. 1592-1593). A petition to list or delist a species

XQGHU &(6% PXVW LQFOXGH LQIRUPDWLRQ hhgd JDUGLQJ WKH S
distribution, abundance, and life history of a species, the factors affecting the ability of

the population to survive and reproduce, the degree and immediacy of the threat, the

impact of existing management efforts, suggestions for future management, and the

availability and sources of information. The petition shall also include information

regarding the kind of habitat necessary for species survival, a detailed distribution map,

DQG DQ\ RWKHU IDFWRUV WKDW WKH SHWLWIERWHI). GHHPV UH

On March 11, 2020, the Department provided the Commission with its evaluation of the
petition to assist the Commission in making a determination as to whether the petitioned
action may be warranted based on the sufficiency of scientific information (Fish & G.
Code, §§ 2073.5 & 2074.2; Cal. Code Regs., tit. 14, § 670.1, subds. (d) & (e)). By
evaluating the information provided in the petition on its face and in relation to other
relevant information the Department possessed or received relating to each of the
relevant categories, the Department recommended to the Commission that the petition
be accepted.



At its scheduled public meeting on September 22, 2020 by webinar/teleconference, the
&RPPLVVLRQ FRQVLGHUHG WKH SHWLWLRQ WKH '"HSDUWPHQV
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. Upon publication of the Commission's notice of its findings,

western Joshua tree was designated a candidate species on October 9, 2020 (Cal. Reg.

Notice Register 2020, No. 41-Z, p. 1349).

Status Review Overview

JROORZLQJ WKH &RPPLVVLRQYY DFWLRQ WR GHVLJQDWH ZHVYV
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 received are

included in Appendix A of this report. The Department promptly commenced its review

of the status of the species as required by Fish and Game Code section 2074.6, which

has now concluded with this Status Review.

The review process included independent peer review of the draft Status Review by

persons in the scientific/academic community acknowledged to be experts on subjects

relevant to this Status Review and possessing the knowledge and expertise to critique

the scientific validity of the Status Review contents. Appendix B contains the specific

LQSXW SURYLGHG WR WKH '"HSDUWPHQW E\ WKH LQGLYLGXDO
written response to the input, and any amendments made to the Status Review (Fish &

G. Code, § 2074.6; Cal. Code Regs., tit. 14, § 670.1, subd. (f)(2)). The Department does

not have a duty or obligation to undertake independent studies or other assessments of

western Joshua tree (Fish & G. Code, § 2074.8), and this Status Review is focused on
SUHVHQWLQJ WKH UHOHYDQW VFLHQWLILF LQIRUPDWLRQ WKTCL
during preparation of this Status Review.

7KH &RPPLVVLRQTV DF Wdste@Q JGhud Lrddab d\tar@idate species

WULJJHUHG WKH '"HSDUWPHQWTTV SURFHVV IRU FRQGXFWLQJ C
&RPPLVVLRQYYVY GHFLVLRQ RQ ZKHWKHU OLVWLQJ WKH VSHFLH
public meeting on June 16, 2021 by webinar/teleconference, the Commission granted

the Department a six-month extension to complete this Status Review and facilitate

external peer review.

This Status Review report is not intended to be an exhaustive review of all published
scientific literature relevant to western Joshua tree; rather, it is intended to summarize
the key points from the best scientific information available relevant to the status of the
species. This final report, based upon the best scientific information available to the
Department, is informed by independent peer review of a draft report by scientists with
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expertise relevant to western Joshua tree. This review is intended to provide the

Commission with the most current information on western Joshua tree and to serve as

WKH EDVLV IRU WKH '"HSDUWPHQWYfV UHFRPPHQGDWLRQ WR W
petitioned action is warranted. The Status Review report also identifies habitat that may

be essential to continued existence of the species and provides management

recommendations for recovery of the species (Fish & G. Code, § 2074.6). Receipt of

this report is to be placed on the agenda for the next available meeting of the

Commission after delivery. At that time, the report will be made available to the public

for a 30-day public comment period prior to the Commission taking any action on the

petition.

BIOLOGY
Species Description

Western Joshua tree is a visually distinctive plant found in & D O L | RMojavelDesert
and adjacent areas. The unique silhouette and tall stature of western Joshua tree
relative to typical surrounding vegetation make it one of the most recognizable native
plants of California deserts. Joshua tree has been utilized by Native American cultures
for food, fiber, and other uses (Coville 1892, Stoffle et al. 1990, Fowler 1995, Small
2013, Gaughen pers. comm. 2020). Joshua tree landscapes are frequently represented
in western art and culture (U2 1987, Bruno and Bruno 2017, Harrower 2019) and have
become increasingly popular tourist destinations (NPS 2021). Joshua trees may also
have medicinal properties (Patel 2012).

$ VXPPDU\ RI ZHVWHUQ -R VK XBndyhysiddlfattriiueSwhb oD gidd

from a number of sources, including scientific papers (Simpson 1975, Lenz 2007),

botanical manuals (McKelvey 1938, Little 1950, Webber 1953, Hess and Robbins 1993,

2002, Alexander et al. 2008, Hess 2012) DQG WKH 8 6 )RUHVW 6HUYLFHYV )L
Information System (Gucker 2006).

Western Joshua tree is a woody evergreen plant, that can mature to heights of
approximately 5 to 20 m (16 to 66 ft), although trees exceeding 10 m (33 ft) are rare
(Cornett 1997). Western Joshua trees often have one main trunk that branches
approximately one to three m (3 to 10 ft) above the ground, and older trees can have
extensive branching and a large, rounded tree-like canopy. Western Joshua trees have
a monopodial branching pattern, which means that after branching, one stem remains
dominant, even though the branches may appear to be approximately equal in size.
Branching of western Joshua tree typically occurs after an inflorescence is produced at
the end of a stem, or after the growing tissue at the end of a stem (called the apical
meristem) is otherwise damaged, such as by the yucca-boring weevil (Scyphophorus
yuccae) (Jaeger 1965). Western Joshua trees typically produce two or three branches
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at the end of the stem after the apical meristem is damaged, but can produce up to five
branches (Simpson 1975).

The leaves of western Joshua tree are narrowly tapered, 15 to 35 cm (5.9 to 13.8 in)
long and 0.7 to 1.5 cm (0.3 to 0.6 in) wide with spiny tips, parallel veins, and expanded
bases where they attach to the stem of the tree. The edges of the leaves are lined with
minute teeth. The outer surface of the leaf has a thick and waxy coating to help reduce
water loss. Leaves near the ends of stems tend to be oriented more vertically, while
leaves that are lower tend to be oriented more horizontally, which may be an adaptation
to optimize light utilization (Smith et al. 1983). The evergreen leaves of Joshua trees are
used by the plant for many years, reducing the need to produce new biomass. Dead
leaves can remain attached for a number of years, and fold down, concealing the
younger stems and bark, contributingto ZHVWHUQ -RVKXD WbhkhddgdgfiV GLVWLQFW
appearance when viewed from a distance. Western Joshua trees produce woody stems
via tissue called monocot cambium, but unlike many woody plants, the stems of western
Joshua trees do not produce discernable secondary growth rings that may be used to
precisely age plants (Barkley 1924, Simpson 1975, Zinkgraf et al. 2017, Jura-Morawiec
et al. 2021). The soft, cork-like bark of western Joshua tree is visible after dead leaves
fall from the stems of older plants.

Few observations of Joshua tree root systems are available. The root system of Yucca
specieswDV GHVFULEHG DV 3GHHS Dby)Gsoddvihite it CrésOMWAREL Y H”
(1984), but also described as shallow-rooted with little or no developed taproot system

by Rundel and Gibson (1996). Gucker (2006) reports that mature Joshua trees may

take advantage of infrequent rains by storing near-surface water collected through their
extensive network of fibrous roots. Underground roots of eastern Joshua tree were
observed 11 m (36 ft) away from what appeared to be the aboveground portion of the
plant by Bowns (1973). Communities of fungi occur in association with western Joshua
tree roots, forming mycorrhizal associations which may benefit western Joshua tree
(Harrower and Gilbert 2021).

Some western Joshua trees grow in close groupings that are the result of asexual
growth from underground stems called rhizomes; this growth form is more common at
higher elevations (Rowlands 1978). When present, rhizomes grow horizontally and

often produce sprouts approximately 1 to 3 m (3 to 10 ft) away from the parent plant
(Gucker 2006); however, at higher elevations in the San Bernardino Mountains, sprouts
as far as 5 m (16 ft) from parent plants have been observed (Borchert pers. comm.
2021). In areas where western Joshua tree exhibits abundant asexual growth, clumps of
plants may form ring shapes when viewed from above, similar to the ring-shaped
clumps found in other clonal plant species (Bonanomi et al. 2014).



Western Joshua trees produce a dense group of flowers at the ends of branches. These
groups of flowers are arranged in panicles, which means that each group of flowers is
branched, and the flowers that are near the base or outside of the group open before
the flowers at the tip or close to the center. These panicles are approximately 20 to 40
cm (8 to 20 in) long, and tend to bend or tilt towards the south (Warren et al. 2016).
Western Joshua tree panicles are composed of spherical-shaped generally cream-
colored to greenish flowers, described by Trelease (1893) DV KD Y L Qdar @ifchsis
so oppressive as to render the flowers intolerable in a room, “and described by Simpson
(1975) DV KDYLQJ D 3V Whlsh@dm-ike frarévice. “Western Joshua tree
flowers produce little if any nectar (Trelease 1893). The flowers of western Joshua tree
have six perianth segments all resembling petals. These perianth segments are strongly
incurved and never fully expand. Western Joshua tree flowers are bisexual, and have
six male sexual parts called stamens, and one female sexual part called a pistil that has
three ovary chambers. The stylar canal is the portion of a pistil that is used to transport
genetic material from pollen to the ovules via pollen tubes. The length of the stylar canal
of western Joshua tree pistils matches with the length of the organ that western Joshua
W U biblifade pollinating moth, Tegeticula synthetica, uses to deposit eggs into the
ovaries of western Joshua tree pistils.

After pollination, Joshua tree panicles develop into groups of approximately 2 to 30
fruits that are approximately 6 to 10 cm (2 to 4 in) long and approximately 5 cm (2 in) in
diameter. Western Joshua tree seeds are thinly disc-shaped, generally black, and
approximately 10 mm (0.39 in) in diameter (Figure 1). There are approximately 80
seeds in mature western Joshua tree fruits, and they are arranged in stacks (Borchert
2021). The fruits are spongy or leathery when young but become dry when mature and
do not open to release seeds on their own. Fruits become brittle when dry, making it
easier for animals or environmental influence to break open fruits and release the
seeds.

Taxonomy

Under CESA, threatened and endangered species definitions include the description

3«D QDWLYH VSHFLHV RU VXEVSHFLHV«” )LVK * &RGH f
Legislature left WKH LQWHUSUHWDWLRQ RI ZKDWVFEHFYLWY WX QG NUD 3
CESA to the Department and the Commission, the organizations responsible for

providing the best scientific information and for making listing decisions, respectively.

(Cal. Forestry Assn. v. Cal. Fish and G. Com. (2007) 156 Cal.App.4th 1535, 1548-49).

In 2018, a California court of appeals decision determined that courts should give a

3 JUHDW GHDO RI GHIHUHQFH™ WR &RPPLVVLRQ OLVWLQJ GHW'
Department scientific expertise (Central Coast Forest Assn. v. Fish & G. Com. (2018)



Figure 1: Western Joshua Tree Fruit with Seeds Consumed by Moth Larvae, photo by
Jeb McKay Bjerke

18 Cal. App. 5th 1191, 1198- 7KH &RPPLVVLRQYYVY DXWKRULW\ WR OLVYV
discretion to determine what constitutes a species or subspecies (/d. at p. 1237).

Western Joshua tree (scientific name Yucca brevifolia) belongs to the group of flowering
plants called monocots, which are characterized by having one embryonic leaf in their
seeds, and often having leaves with parallel veins and flower parts that are in multiples
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of three. Within the monocots, Joshua tree has been placed in various plant families
over the years, including the lily family (Liliaceae) and the agave family (Agavaceae).
More recently, Yucca has been placed within an agave subfamily (Agavoideae) within a
larger treatment of the asparagus family (Asparagaceae) (Chase et al. 2009, APG 2016,
ITIS 2019).

There may be extensive traditional ecological knowledge of Joshua tree, however, the
earliest recorded accounts known to the Department include a written description from
1844 (Fremont 1845) and an illustration from 1853 (Williamson 1853) which are
discussed in more detail by Lenz (2007). The first scientific description of Joshua tree
was in 1871 (Engelmann 1871, McKelvey 1938). The taxonomy of Joshua tree has
subsequently been the subject of some dispute, and this dispute has largely focused on
whether intraspecific taxa (additional taxonomic divisions within the species) exist, and if
so, at what taxonomic rank those taxa should be recognized (i.e., variety, subspecies,
or species). The history of this uncertainty has been described in various sources
(McKelvey 1938, Lenz 2007, Jones and Goldrick 2015, Wallace 2017, USFWS 2018,
Cummings 2019), and a summary of this history from these sources is presented below.

7ZR LQWUDVSHFLILF WD[D KDYH EHHQ YDOLGO\ GHVFULEHG V
of the name Yucca brevifolia. Yucca brevifolia var. herbertii was described by Webber

(1953) and included in Munz (1959), but this form is now understood to be a result of

asexual growth of western Joshua tree from underground rhizomes, and this growth

form is more common at higher elevations. Yucca brevifolia var. herbertii is therefore no

longer recognized as a distinct taxon and is not discussed further in this Status Review.

Yucca brevifolia var. jaegeriana was first described by McKelvey (1938) and a number
of sources have recognized this name since that time (Clokey 1951, McMinn 1951,
Webber 1953, Munz 1959, Kearney and Peebles 1960, Rowlands 1978, Thorne et al.
1981, Kartesz 1987). The taxonomic rank of the name was recognized as a subspecies
by Hochstatter (2001, 2002). Other sources, however, did not recognize the jaegeriana
taxon to be distinct from Yucca brevifolia (Reveal 1977, Hess and Robbins 1993, 2002,
McKinney and Hickman 1993, 2002, Hess 2012). As described by Wallace (2017),
timing or oversight may have been the reason that the jaegeriana taxon was not
recognized as distinct from Yucca brevifolia in the Flora of North America (Hess and
Robbins 2002) or the second edition of the Jepson Manual (Hess 2012).

Lenz (2007) provided evidence that the jaegeriana taxon is distinct from Yucca
brevifolia, and described Yucca jaegeriana as a species, highlighting differences in
overall shape and form, branching, leaves, flowers, fruits, and different species of
obligate pollinating moth. The pollinating moth for western Joshua tree is Tegeticula



synthetica and the pollinating moth for eastern Joshua tree is Tegeticula antithetica
(Pellmyr and Segraves 2003).

6LQFH /HQ]YNV ZR Usubdtaptial amoilint of scientific attention has been directed
towards understanding the coevolution of western Joshua tree, eastern Joshua tree,
and their obligate pollinating moths, with much of this attention focused on a small area
in Tikaboo Valley, Nevada where the two species co-occur, and hybridization has been
observed (Pellmyr 2003; Smith et al. 2008b, 2008a, 2009, 2011, 2021; Godsoe et al.
2008, 2009, 2010; Starr et al. 2013, Yoder et al. 2013, Royer et al. 2016, 2020; Cole et
al. 2017). Some of this work has revealed that the length of the stylar canals of western
Joshua tree and eastern Joshua tree match the length of the organs that each of their
respective pollinating moths use to deposit eggs into flower ovaries. Some of this
scientific work has also provided information on the divergent selection pressures on
these taxa that may have contributed to their evolution and speciation. Several
researchers have examined genetic relationships between western Joshua tree and
eastern Joshua tree (Starr et al. 2013, Yoder et al. 2013, Royer et al. 2016, Smith et al.
2021). Based on an analysis of single nucleotide polymorphisms, Royer et al. (2016)
found that western Joshua tree and eastern Joshua tree are genetically distinct, and
that natural selection is maintaining the differences between them. Smith et al. (2021)
also found strong support for the conclusion that western Joshua tree and eastern
Joshua tree are genetically distinct taxa.

In 2015, the U.S. Fish and Wildlife Service (USFWS) received a petition to list Joshua
tree under the federal Endangered Species Act (federal ESA) (Jones and Goldrick
2015). In their Species Status Assessment, the USFWS considered both Yucca
Jaegeriana (eastern Joshua tree) and Y. brevifolia (western Joshua tree) as species for
purposes of the federal ESA during consideration of that petition (Wallace 2017;
USFWS 2018, 2019). The Petition submitted to the Commission includes a discussion
of Joshua tree taxonomy and specifically requests that the Commission list western
Joshua tree as threatened under CESA, regardless of the taxonomic rank into which the
Commission classifies western Joshua tree. Based on the available scientific
information, the Department considers western Joshua tree and eastern Joshua tree to
be separate species (not subspecies of the same species) for the purposes of CESA
and this Status Review.

The Petition states that western Joshua tree warrants protection under CESA
throughout its range in California; however, the Petition also requests that the
Commission assess whether either of two population clusters, denoted as Y. brevifolia
North [YUBR North] and Y. brevifolia South [YUBR South], warrant listing separately as
®cologically significant units. “In the 2018 Joshua tree Species Status Assessment, the
USFWS treated these northern and southern population clusters as two geographically
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separate populations “of western Joshua tree, and these two populations are discussed
separately in much of the document (USFWS 2018). The distinction between the
northern and southern populations in the USFWS Species Status Assessment appears
to be based primarily on the distinct vegetational and climatic 3 U H J L & @éétern
Joshua tree that were described and distinguished by Rowlands (1978).

A population of organisms considered distinct for conservation purposes based on
scientific analysis of the reproductive isolation and genetic differences between
population groups is eligible for listing under CESA (see Cal. Forestry Assn. v. Cal. Fish
and G., supra, 156 Cal.App.4th at >XSKROGLQJ WKH &RPPLVVLRQTV OLV
evolutionarily significant units of Coho Salmon]. The Department has recognized that
similar populations of a species can be grouped for efficient protection of genetic
diversity (Id. at p. 1546-47). Further, genetic structure in populations is important
because it fosters enhanced long-term stability (Id. at p. 1547). Genetic diversity
spreads risk and supports redundancy in the case of catastrophes, provides a range of
raw genetic materials that allow adaptation and increase the likelihood of persistence in
the face of long-term environmental change, and leads to greater abundance (Ibid.).

The Department recognizes that genetic divergence among populations and genetic
diversity within those populations are critical to species protection. Genetic divergence
indicates the amount of time that population lineages have been separated. Effective
conservation strategies often identify the most divergent clades in a group of lineages
as key management units. Further, quantifying genetic diversity provides information on
population health and indicates the extent to which populations have the capacity to
adapt to changing conditions. While it can be difficult to determine when populations
within species have sufficiently differentiated to be considered separate species or
subspecies, a population-genetics approach using the fixation index Fst is the most
widely used summary measure of population divergence.

Recent studies suggest that western Joshua tree and eastern Joshua tree have a
moderate degree of genetic differentiation and diverged approximately 100,000 to
200,000 years ago, which is considered a relatively recent divergence (Smith et al.
2021). The work by Smith et al. (2021) supports the conclusion that Joshua trees fall
into two distinct groups (K=2) that correspond with western Joshua tree and eastern
Joshua tree. Smith et al. (2021) does indicate there is genetic diversity among
populations of western Joshua tree, particularly among populations in the southern and
western extent of its range, and the Department also recognizes the vegetational and
climatic differences between the northern and southern populations identified by
Rowlands (1978). The Department also recognizes that populations of western Joshua
tree in the southern part of its range generally face more serious threats than
populations in the northern part of its range, as described in the Factors Affecting the
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Ability to Survive and Reproduce section of this Status Review. Nevertheless, the
Department does not currently have enough evidence of a clear genetic subdivision

within western Joshua tree, that would support the differentiation of northern and

southern populations as separate and discrete evolutionary significant units that would
qualify them as separate 3VSHFLHV RU V XEV S H F.LTH&/gen¢iig Gttddiuré ¢6 $
western Joshua tree from north to south may instead be representative of a genetic

cline, which is a continuous gradient of change in the genetic composition of

populations within the range of the species that is associated with geography.

Populations that are near each other are more genetically similar than populations that
are farther away, but none appear fully isolated so as to be an evolutionary significant

unit (Smith et al. 2021). Therefore, for purposes of this Status Review, the Department
does not consider populations of western Joshua tree in the northern part of its range or
the southern part of its range to be distinct 3VSHFLHV RU VXEVSHFLHV™ XQGHU ¢

The scientific understanding of the genetic diversity of Joshua tree will continue to
improve with the completion of an ongoing project to assemble a Joshua tree reference
genome.

Range and Distribution

Range is the general geographical area in which an organism occurs. For purposes of

&(6%$ DQG WKLV 6WDWXV 5HYLHZ WKH UDQJHnyYCANKH VSHFLH\
Forestry Assn. v. Cal. Fish and Game Com. (2007) 156 Cal.App.4th 1535, 1551), even

though western Joshua tree extends into southern Nevada, reaching north to Alkali and

east to Tikaboo Valley (USFWS 2018). Range is largely independent of species

abundance, because population declines within an area do not necessarily change the

overall geographical area in which an organism occurs. Species distribution describes

the actual sites where individuals and populations of the species occur within the

VSHFLHVY UDQJH

Current Range

The California range of western Joshua tree is in southeastern California and covers
much of the western half of the Mojave ecoregion (Figure 2) (USDA 2017). The
southern and eastern extent of the VS HF L HV 5 &l Io§hididdTree National Park in
San Bernardino County and the western extent of the VS HF L HV {6 néér @drhhan in
Los Angeles County, where the species is found to the west of Interstate 5 (Figure 3).
Within California, western Joshua trees extend to the north into Inyo County and occur
within Death Valley National Park. The northernmost western Joshua trees are likely in
the southeastern corner of Mono County near Fish Lake Valley, which is close to the
California/Nevada border (Figure 3). Throughout California, substantial stands of
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