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and have a eongpicuous black keratinized spade
on the ventral surface of the rear feet,

Taxonomic Relationships

The validity of this taxon has never been ques-
tioned, although confusion about the type
specimen and locality has been discussed {Fou-
quette 1968). Osteological and genetic data, as
well as call characteristics, suggest that it is
related to Central American bufonids {Tihen
1902, Martin 1972, Sullivan and Malmos 1994,
Pauly et al. 2004, Frost et al. 20063},

Frost et al. (zo06a) supgested a taxonomic
revision that placed this species in the genus
Cranopsis. Based on subsequent discoveries of
older available names, the genus name for this
taxon was later revised to Qllotis (Frost et al.
2006b) and then fmcilius {Frost et al. 200gb,
Pauly et al. 2009} We retain the older taxon-
omy both for taxonomic stability and because
the analyses supporting the original rearrange-
ment are controversial (Crother zoog, Frost et
al. 2o0090a, Pauly etal. 20009},

Life History

The life history of this species in California is
unknown, and we base the following discus-
sion on chgervations {rom other areas. Bujo
alvarius spends much of the year underground,
presumably in rodent burrows (Degenhardr et
al. 1996). Bufo alvarius is primarily nocturnal
and becomes active before summer rains. [t is
more strongly agquatic than maost North Ameri-
can toads (Stebbins 1951). Breeding behaviar
appears to be generally associated with sum-
mer rains (Sullivan and Malmos 1994},
although amplexus has been reported in stack
ponds before rains have occurred {Degenhardt
et al. 19p96). Several years may pass between
breeding events depending on the presence of
sufficient rainfall (Sullivan and Fernandez
1999}, The species sornetimes congregates in
large numbers for breeding, with nearly all
reproduction of a local breeding population
occurring in a single night (Degenhardt et al.
1996). The time required for hatching and
metamorphosis is unknown but may be less

than a month (noles of Thornber, reported in
Ruthven 1907 and Storer 1925}, This species
appears to be a dietary generalist, feeding on
any live arthropod or small vertebrate prey that
it can successfully capture (Stebbins 1951, Cole
19062). Poison secreted by the skin and paratoid
glands is particulatly toxic and has caused
death and paralysis in dogs and is a potent hal-
lucinogen in humans {Musgrave 1930, Steb-
bins rgs1, Stebbins 2003).

Habitat Requirements

The habitat requirements for Bufo alvarius in
California are unknown. In arid habitats of Ati-
zona and New Mexico, the species can be found
in and around a variety of water sources used
for breeding, including springs, stock ponds,
washes, river bottoms, and irrigation ditches
{Stebbins 1951, Stebbins 1g72), though it is
occasionally found at great distances (>t mi)
from water {Slevin 1928]. Upland habitat sur-
rounding known aquatic breeding localities
elsewhere in the range include mesquite-creo-
sote desert lowland, arid grassland, rocky ripar-
ian zones, oak-sycamere—walnut assemblages
in mounlain canyons, and montane pine-oak
juniper plant communities {Stebbins 20073,
Fouquette et al. 2005).

Distribution (Past and Present)

There are no known extant populations in Cali-
fornia. Historically, the species ranged in Cali-
fornia along the Lower Colorado River and into
the Imperial Valley (Grinnell and Camp 1917,
Stebbins 14951, Jennings and Hayes 19q4a).
likely ranging as far north as the southern tip of
Nevada {Cooper 1869). It is not known if
records in the Imperial Valley are a natural part
of the historic mnge or whether they represent
recent range expansion following the develop-
ment of irtigation (Stebbins 1951).

The last verified record {LACM 87044) from
California dates to 31 July 1955, 7 km north of
Winterhaven. More recent surveys have failed
to detect the species (King and Rebbins 1ggt,
Jennings and Hayes 19g94b). Sporadic records
continue to be reported on the Arizona side of
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the Colorado River, however. Several individu-
als were found near the Cibala National Wild-
life Refuge in 1980 {Anderson and Ohmart
1982; B. Anderson, pers. comm.), and a single
individual was found at the refupe itself in
1486 {]. Rorabaugh, pers. comm.). On 1 July
2004, 2 large individual was found “by the golf
course on the Parker Strip,” La Paz County, Ari-
zona (]. Rorabaugh, pers. comm.). On 2y July
2009, an amnplexing pair was found along the
Bill Williams River at Planet Ranch, Mohave
County. Arizona, and the species is reportedly
“fairly common” 24-12 km above the conflu-
ence of the Gila and Colorado Rivers, Yuma
County, Arizona {]. Rorabaugh, pers. comm.).
A single, unverified record of a calling Bufe
alvarius was reported near Bard, California, in
the spring of zo007 or 2008, though the time of
year was unexpected and the observer was inex-
perienced with the species (], Rorabaugh, pers.
comin.j.,

Outside of California, B. alvarius ranges
across southern Arizana to the southwestern
corner of New Mexico and south into Sonora
and the northern edpe of Sinaloa, Mexico. The
known elevational range extends from near sea
levet to 1615 m (Cole 1962).

Trends in Abundance

Though the paucity of records from California
makes assessing former abundance difficult,
Bufo alvarius was apparently common at Yuma,
Arizona, on the California border, along the
Lower Colorado River, and in parts of the [mpe-
rial Valley (Slevin 1928, Klauber 1934). As no
populations are currently known in these areas,
declines leading to probable population extirpa-
tions or exirermnely low population sizes have
clearly occurred. The species ig alsn known to be
declining in New Mexico [Degenhardt et al.
1996]. Througheut the rest of the range the spe-
Cies appears to be stahle and abundant at many
lncalities {Fouquette et al. 200y, LazarolT et al.
200G), though some have sugpgested thar
declines are occurring throuphout the range
{B. Brattstrorn, R. Ruibal, and €. Schwalbe, pers.
cormms., reported in Jennings and Hayes 1994a),
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Nature and Degree of Threat

The causes of declines, and therefore the
threats to this species, are poorly understood.
Declineg occurred before any studies were car-
ried out in Califernia, though it is likely that
landscape medihcation and pesticide applica-
tions that occurted with the growth of agricul-
ture in the Imperial Valley contributed to
declines {Ohmart et al. 1988, [ennings and
Hayes 1994a). Bufonids are generally very sus-
ceptible to amphibian declines (Stuart et al.
2004). In California, toad declines have been
linked to habitat loss and pesticide use {David-
son €t al. zooz2) and pathogenic fungi (Green
and Kaparise Sherman zoor1).

Status Determivation

The declines and possible extirpation of Bufo
alvarius in California are the primary concerns
for this taxon. The species may require perma-
nent aquatic environments making it a moder-
ate ecological specialist, given the arid environ-
ments that characterize its range. This also
makes the taxon sensitive to the effects of cli-
rmate change, particularly changes in hydrology
and the increasing year-to-year variation in pre-
cipitation that have been projecled {Cayan et al.
2008b). Pinally. because little understanding
of the causes of declines in California exists, we
are poortly positioned to protect any remaining
pepulations ghould they be found in future
Surveys.

Monagement Recommendations

The development of an effective management
stratepy for Bufo alvarius in California is not
possible without further distributional and eco-
logical information. As no populations are cur-
rently known, the first management priority
should be to underiake comptehensive surveys,
as described below, aimed at identifying
remaining fragmentary California populations.
Habitat protection and enhancement would
then become the critical management tools o
build these populations to larger and viable
sizes. Simultaneous ecological research is also
needed on habitat use, home range size, life



history, and population connectivity before
more complex management programs focused
on reestablishing the species are considered.

Monitoring, Research, and Survey Needs

A critical first step toward developing a compre-
hensive management plan for this species is 1o
undertake comprehensive surveys of remaining
potential habitat in southeastern California.
These surveys should take place during the
summer rains and should involve biclogists who
are familiar with Bufe glvarius’ breeding behav-
ior. 1f any remaining populations are found, a
pepulation-monttoring program should rapidly
be established to determine both geographical
extent and population size. As little is known
about this species in California, this monitoring
program should take place in conjunction with a
study of the species’ life history and habitat use,
in California andfor adjacent Arizona. These
surveys should specifically target the remaining
moist areas of the southwest California deserts
that are known to support other water-depend-
ant vertebrate species. such as the deserl mule
deer {Odocoileus hemionus crooki). Using exist-
ing survey data from other, and better known,
species may help to guide toad survey efforts

toward the wettest areas or most consistent water
supplies, thereby increasing odds of detection,

A second critical priority i3 to work with
wildlife managers in Arizona to survey for and
study the nearest remaining populations on the
Arizona zide of the lower Colorada River.
These populations ate likely the most ecologi-
cally similar to the former Californta papula-
tions and should therefore provide information
valuable to the eventual development of man-
apement programs in California. Genetic sam-
ples from both California and Arizona should
be collected to help inform managers about lev-
els of genetic differentiation, and therefore the
appropriateness of possible reintroduction of
Arizona animals to California.

As any populations that remain in Califor-
nia are likely isolated, study of these popula-
tions is unlikely ta yield information on the
metapopulation dynamics that we presume are
key in sustaining this species elsewhere, Rees-
tablishing these dynamics would form an
irmportant part of a comprehensive manage-
ment program in California, and research
focused on betier understanding these dynam-
ics will also need to tzke place outside of Cali
fornia, preferably in adjacent Arizona,
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matches the substrate (Sweet 1992, Hancock
2000).

Metamorphosed individuals of this species
may be confused with the western toad (B.
koreas), which is the only sympatrically occur
ring toad. Bufo boreas has a prominent white or
cream doxsal stripe and lacks cranial crests
{Stebbins aoo03). Young tadpoles that still
retain the black coloration are difficult ta distin-
guish from B. bareas, but older tadpoles are
readily distinguishable.

Taxonomic Relationships

Unitil recently, Bufo californicus was considered
a subspecies of the Arizona toad (B. micro-
scaphus) {Price and Sullivan 1g88), although
recommendations to recognize it ag a full spe-
cies date back to Myers (1930). Frost and Hillis
(1900) recognized this species as distinctive
based on the general observation that few ailo-
patrically distributed polytypic species repre-
sent single penetically cohesive units, as is
implied by retaining B. califernicus as a subgpe-
cies under B. microscaphus. Later analyses of
allozyme data confirm that B. californicus is a
distinct lineage, providing support for its recog-
nitien as a full species (Gerpus 19g&). Addi-
tional analyses of advertisernent calls indicated
a substantial amount of variation within the
species complex, although the results were
equivocal with tespect to species siatus {Ger-
gus et al. 1997). Lovich (2000a) analyzed data
from two mitochondrial penes and found addi-
tionat evidence that B. califernicus is a distinct
species. This work alse identified clades within
B. califermicns that roughly correspond to parts
of the range north and south of the Los Angeles
Basin, respectively.

Frost et al. {zo006a) ecommended placing
this species and many other North American
bufonids in the genus Anaxyrus, although this
proposal and the analyses that support it are
controversial {Crother zoog, Frost et al. zo09a,
Pauly et al. 2004}, We choose not to follow this
recommendation zt the present time, pending
further analyses, and to maintain taxonomic
stability.
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Life History

Bufo californicus is primarily nocturnal and
feeds predominantly on nocturnally active ant
species (Cunningham g6z, Sweet 1992, Sweet
1993, Mahrdt et al. 2002). Adulis typically
emerge from retreats approximately 30-40 min
after sunset, remaining active down Lo temper-
atures of around 13°C on dry nights and 10°Con
rainy nights, with nacturnal activity increased
during wet periods [Cunningham 1962, Sweet
199z, Sweet 1993).

Males begin calling at varying times of the
year depending on local conditions and eleva-
tion, although calling activity appears ta initiate
when water temperatures reach or exceed
11-13°C {Myers 1930, Sweet 199z). Choruses
generzally begin in late February in coastal popu-
lations and late March or April at higher eleva-
tion inland sites, and they may ¢ontinue into July
(Sweet 1992, Sweet 1993, Stebbins 2003, Han-
cock z009). Eggs are laid near the male's calling
site on a substrate of mud, sand, or gravel, away
from vepetation and other submerpged debris
{Sweet 1992). Hatching occurs after 40 days at
typical water temperatures (12—16"C), although
the larvae remain associated with the egp mass
for an additional 5-G days. Metamorphosis can
occur in as few as 65 days, although typically
72—80 days are required (Sweet 190z, Hancock
2004). Larger males and fernales are more sed-
entary and tend to breed in the same pools
throughout the reproductive season and from
year to year {Sweet 1993, Hancock 2009, Mitro-
vich et al. 2o11). The seasonal activity period for
adults extends roughly from the beginning of
ihe breeding season to late June or July, after
which most toads become inactive (Cunning-
ham 1962, Sweet 1093, Hancock z00g). Juve.
niles may remain artive inlo October or later
following rains {Sweet 1993).

Bufo californicus usually attain reproductive
condition in their second (males) or third
(females) year. The species is relatively short-
lived, with few tpads living beyond § years of
age. In the absence of nonnatural disturbances,
survivorship of adult toads is high during the
active season, but decreases markedly during



the inactive season. Sweet (193} documented
that toads experience ~55% per vear mortality
mastly during the winter, though other esti-
mates suggest even higher mortality {D. Hol-
land and N. Sisk, unpublished data, reported in
Sweet and Sullivan 20035). Eggs and young lar-
vae are apparently unpalatable to mest preda-
tors, although garter snakes and nonnative
fishes prey upon older tadpoles {Sweet 1992).
Juvenile toads that have not vet adopted the noc
turnal activity pattern characteristic of adults
also experience high predation pressure (Han-
cock 200¢). Adult toads experience intense pre-
dation from introduced bullfrogs in areas where
that species accurs {Miller et al, 2012, R, Fisher
pers., comm.). In the absence of bullfrogs, adult
toads experience much lower predation inten-
sity {Sweet 1903, Hancock zoog).

Habitat Requirements

Alang with its close relative Rufo microscaphus,
B. californicus may have the most specialized
habitat requirements of any Narth Amezican
anuran (Stebbins 2003). This species requires
shallow, slow-moving stream and riparian habi-
tat. In some areas they may occupy first-order
streams, although most populations inhabit
second- to sixth-order streamns that have exten-
sive braided channels and sediment deposits of
sand, gravel, or pebbles that are occasionally
reworked by flooding (Sweet and Sullivan
200%5). These toads will use either permanent
or seasonal streams, although seasonal streams
must Aow for a minimum 4—5 months for suc
cessful reproduction and recruitment (Sweet
and Sullivan zaos). At inland sites, radiotelemn-
etry studieg indicate that this species rarely
moves beyond the immediate upland margin of
streams, althouph in coastal sites arroye toads
appear to occasionally use and disperse acrozs
hotter and drier upland sites {Sweet 19g2,
Sweet 1993, Griffin and Case 2001, Hancock
zo0g, Mitrovich et al. 2011). Mitrovich et al.
{2or11) found that radio-tracked toads actively
selected channel and terrace stream habitats,
and largely avoided surrounding scrub, grass.
tand, and ferest. On average, males were found

in cloger proximity to flowing sections ol
streamn than females, possibly to maximize
reproductive opportunity {Mitrovich et al
ac11). Bufo californicus is known to orcasionally
use and breed in human-made habitats, such as
attificial stream terraces and ponds (Price and
Sullivan 1988, Mahrdt et al. 2o002). It is
unknown whether the species can persist in
these habitats.

Distribution (Past and Prasent)

Bufo californicus historically occurred in coastal
drainages from the San Antonio River,
Monterey County, California, southward
through the Transverse and Peninsular Ranges
to the vicinity of Arroyo San Simén in Baja
California Norte, Mexico (Price and Sullivan
1988, Gergus et al. 1997, Grismer 200z, Lovich
2009a). Almost all populations oecur along the
coast ot on the coastal slopes of the southern
California mountains, Six localities were previ-
ously recognized from the desert slopes of Los
Angeles, Riverside, S8an Bernardino, and San
Diega Counties, California (Patren and Myers
1992, Jennings and Hayes 19g4a}. Desert slope
populations are known to occur at Little Rock
Creek, Los Angeles County, and the Mojave
River, San Bernadine County, Populations at
Whitewater River, Riverside County, Barrego
Springs (listed as 5an Felipe Creek in Jennings
and Hayes 1994a), Vallecito Creek, and Pinto
Canyon, San Diego County, are prabably in
error and are the result of misidentifications
{(Ervin etal. 2013). The known elevational range
extends from near sea level to approximately
1000 m (Stebbins 2003, 5. Sweet, pers.
carmm.).

The present distribution of B. californicus is
considerably smaller than it once was. Jennings
and Hayes (1994a) estimated that this species
had disappeared from 76% of its former range
in California, although more recent estimates
place this loss at G3% {Sweet and Sullivan zo05).

Trends in Abundance

In addition to the extirpations discussed above,
extensive declines in abundance have been
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documented in most Bufo caiifornicus popula-
tions that do survive. Extensive collections from
the 1930s. largely stemming from the work of
L.M. Klauber, suggest that this species was for-
merly present at much higher densities
(S. Sweet, pers. obs., reported in Sweet and Sul-
hivan 2005).

Nature and Degree of Threat

A recent s-year review of the status of Bufo cali-
Sfornicus thoroughly discusses the ongoing
threats to thig taxon (USFWS 200g). We follow
the findings of that document and recommend
that readers consult it for additional detail.

The greatest threat facing this taxon is loss
and degradation of habitat that stems f{rom
medifications to hydrolopy from reservoir con-
struction, roads, Rood control, development,
recreational activity, and mining {USFWS
2009). In addition, declines are occurring even
in areas that are not subject to development and
direct habitat depradation frorn human activi-
ties {Hancock 2009). These additicnal declines
stem largely from introduced predators {prima-
rily bullfrogs and green sunfish) and intro-
duced plants, which degrade habitat and/or
decrease survivorship of toads {Sweet 1992,
Hanceck zoog, USFWS 2cog, Miller et. al.
2012), Off-highway vehicle use has also caused
both habitat degradation and direct mortality in
this species (Ervin et al. 2000)

Status Determinotion

Major declines in both distribution and abun-
dance, coupled with several ongoing threats,
combine to warrant a Priorily 1 Species of Spe-
cial Concern status for Bufp californicus.

Manegement Recommendations

Management efforts for Bufo californicus should
mirror those outlined by the USFWS recovery
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plan and 5-year review for this taxon (USFWS
1509, USFWS 2009). The recent g-year review
suggests that management efforts to date have
been effective, and the outlonk for this species
has improved snmewhat since it was initially
listed {USFWS 2009}. The most important
management strategy is to preserve existing
stream habitat that supports this species and to
restore additional habitat that can support self-
sustaining populations. Restoration efforts
should include dam removal 1o allow streamns
to meander and rebuild sand and gravel bars,
and removal of exotic plants and vertebrate
predators.

Monitoring, Research, and Survey Needs

Monitoring, research, and survey needs are cov-
ered in depth in the USFWS recovery plan for
this taxon and the recent 5-year review. We refer
the reader to these decuments for additional
detail (USFWS 1999, USFWS 2000). Monitor-
ing efforts should focus on recovering popule-
tions, particularly those in newly restored haln-
tat. [t is particularly important to continue
monitoring through drought and El Nifio cycles
piven that this is a short-lived species and
several years of consistent drought could be
extremely damaging to recovering populations.

In addition, research aimed at characteriz-
ing variation in thig species’ life hislory in dif-
ferent parts of its range should be undertaken,
as these differences might have an impact on
future management efforts. For example, the
two desert slope populations may differ sub-
stantially in several aspects of life history rela-
live to the coastal slope populations. Additional
regseatch into the prevalence and potentizl
impacts of Bd fungus on this speries is also
particularly important. Finally, molecular anal-
yses of population size and connectivity might
e particularly valuable in this taxon.









“tuneful”) refers to the melodic quality of the call
{Carmip 19162, Karlstrom 1962),

This species may be confused with high-
elevation populations of the western toad {B.
bareas). Bufo horcas often has a conspicuous
lipht middorsal stripe and smaller, more widely
spaced paratoid glands that are separated by a
space approximately twice their diameter {Steb-
biins 2003). Bufo boreas also has more extensive
webbing on the hind feet than B. canorus
(Camp t9r7). Populations of B, boreas that
occur in the Sierra Nevada do not produce
advertisement calls; thus, toad breeding cho-
tuses ate diagnostic for B. canorus {Mullally
1956). Juveniles of the two species (<2030
mm) are very similar to one another, and iden-
tifications of this size class should be made
with caution {Karlstrom 1962).

Taxonomic Relationships

Bufo carorus was initially described on the
basis of celoration and morphology {(Camp
1or(a). 1ts status as a distinct species has gone
largely unquestinned since this time. Subse-
quent penetic analyses based on mitochondrial
data suggest that this taxon is a close relative of
B. boreas {Shaffer et al. zc0a, Pauly et al.
2004). In addition, mitochondrial DHA data
suggest that B. canorus may be paraphyletic
with respect to the black toad, B. exsul, and
gsome lineages of B. boreas {Graybeal 1993,
Shaffer et al. 2000, Goebel et al. 2009). These
relationships have not been corroborated with
nuclear sequence data, and thus it is unclear
whether cryptic diversity exists within the
taxon or if this is a case of mitochondrial intro-
gression. Unpublished penetiec data sugpest
that mitochendrial introgression associated
with past or ongoing hybridization may explain
these results {G. Pauly, unpublished data).
Some morphological variation has been
observed in size and degree of melanism in
eggs and larvae of thig taxon (Karlstrom and
Livezey 1955, Karlstrom 196a). Whether this is
plasticity in response to elevation and/or the
local environment ot genetic differentiation
has not been investigated further. Mitochon-

drial data also indicate that some intraspecific
variation and isclation by distance may exist
within the taxon (Shaffer et al. 2000, Pauly et
al. 2004, Goebel et al. zo00g), although sample
sizes in these studies were small. Wang (2012)
collected data from 1o microzatellites for toads
from 24 populations in Yosemite MNational Park
and found significant variation in the amount
of genetic distance between populations. This
analysis concluded that environmental factors
such as slope and precipitation were associated
with penetic structure.

Frost et al. {zo006a) recommended placing
this species and many other North American
bufonids in the genus Araxyprus, although this
proposal and the analyses that support it are
controversial (Crother 2009, Frost etal. 2o000a,
Paulyetal. 20009).

Life History

Bufa cenorus is primarily a diurnal mad that
occasionally exhibits crepuscular or nocturnal
activity on warm days {Mullally 1956, Martin
2008). Males emerge from hibetnation as seon
as snowmelt pools form along the margins of
preferred high-elevation meadow habitat and
quickly form breeding choruses (Katlstrom
196z). As in many high-elevation amphibians,
the timing of emerpence is correlated with eleva-
tion, and generally occurs in May and June
(Karlstrom 1962, Kagarise Sherman 1980).
Males are territorial and often maintain interin-
dividual spacing of 7-14 m {Karlstrom g6z,
Kagarise Sherman 1980). Fighting occurs
between males that encroach on one another's
territory (Kagarise Sherman and Morton 1984).
Breeding activity and epgg-laying commence
soon after males bepgin calling, with fernales
depositing eggs along shallow edges of pools
and streams in meadows (Karlstrom 1902,
Kagarise Sherman 1980}, Hatching occurs in as
few as 3—4 days at relatively high water tempera-
tures {z0—23°C) or up to 10-14 days at lower
temperatures (16-17°C} (Karlstrom 1992,
Kagarize Sherman 198c). Metamorphosis
occurs approximately 40—-Go days after oviposi-
tinn, again depending non temperature and
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elevation {Karlstrom 1962, Kagarise Sherman
1980, Kagarise Sherman and Morton 1984).
The seasonal activity perind extends into late
September and early October, alter which toads
hibernate in rodent burrows, crevices under
rocks, and root tangles (Kagarise Sherman
138a). Adult toads do not begin to breed until
they are 36 years old, after which females may
only breed every few years {Kagarise Sherman
1980, Kagarise Sherman and Morton 1984).
Adulls prow slowly, averaging only 2.5 mam per
year at Tioga Pass, Tuolumne County, California
{Kagarise Sherman and Morton 1984). The
post-metamorphic diet consists of a variety of
small arthropods including ants, bees, flies,
wasps, beetles, millipedes, and spiders {Grinnell
and Storer rgz4. Mullally 1953, Kaparise Sher-
man and Morton 1984). The slow growth rate
and lack of breeding every year is likely attrihut-
able 10 low metabolic rates agsociated with low
caloric intake and relatively cold temperatures
(Kagarise Sherman and Morton 1984). In the
wild, adults appear to be able to tolerate a rela-
tively wide range of temperatures {from 2°-16°C)
{Karlstrom 196a], although they prefer tempera-
tures higher in this range {Cunningham 1963}.
The estimated critical thermal mazimum is
37-40"C for adults and 36-38°C for larvae (Karl-
strom 1962).

Bufo canorys is known to occur sympatrically
with B. boreas in two areas (see the "Distribu-
tion” section) and may occasionally hyhridize.
At the Frog Lakes locality, individuals that are
morphologically intermediate in paraioid gland
width and the extent of webbing on the hind fest
accur and may represent natural hybrids (Mor-
ton and Sokolski 1978). Mo putative hybrids
have been described from the Blue Lakes local-
ity {Karlsttom 1962), although some authors
suggest that hybridization may also occur there
(Stebbins 2003). Artificial crosses in the labora-
tory readily produce hybrids {Karlstrom 1902).

Habitat Requirements

Bufo canerus prefers relatively open high-eleva-
tion meadows vegetated with grasses, sedpes,
rushes, and/or willow stands {Karlstrom 1962).

T FROGS AHD TOADS

This species can be found in the margins of
water bodies that form from snowmelt runoff,
as well as in moist meadows. During the early
part of the active season, individuals are often
localized along meadow margins within approx-
imately 30 m of the forest edge. This behavior
may allow thern to easily retreat to forest cover
at night to avoid freezing temperatures (Karl-
stromn 190z). As the active season progresses
and nights becorne warmer, the toads tend to
maove toward the center of meadows and become
less restricted ta the margins {Karlstrom 190a).
This species prefers shallow (probably <7.5 cmy)
snowmelt pools on the margins of meadows ot
very slow moving runoff streams in which to
breed, although they have also been found in
deeper (>3 m) permtanent paols (G. Fellets,
pets. commL.). These need to be deep enough to
avoid premature desiccation—a significant
cause of mortality for tarvae but shallow
enough to achieve the temperatures needed for
rapid development (Karlstrom tg6z). This spe-
cies tmay prefer to oviposit in dark bottorned
pools, particularly at high elevations, as these
may provide warrmer water termnperatures and
moare rapid larval development (Karlstrom
19632). The presence of pocket gopher, mouse,
and vole burrows may provide additional benef-
cial cover and protection from predation (Grin-
nell and Storer 1924, Karlstrom 196z).

Distribution {Past and Present}

Bufo canorus is restricted to a relatively small area
approximately 240 km {north—south) by 6o km
{east-west) in higher elevation areas of the Sierra
Mevada (Katlstrom 1962, Kagarise Sherman and
Morton 1993). It ranges from the vicinity of Blue
Lakes, Alpine County, California, south past Kai-
ser Pass to the Evolution Lakes area, Fresno
County, California {Grinnell and Storer 1924,
Livezey 1955. Karlsirom 1462, Jennings and
Hayes 1994z, Stebbins 2003, Davidson and Fel-
lers 2005). The known elevatinnal range extends
from 1050 to 3599 m, with most localities
between 2590 and 3045 m (Karlstrom 1962},
Between 1915 and 1992, this species exhib-
ited declines throughout some areas of its



range. Drost and Fellers (1996} resurveyed
localities from Grinnell and Storer {1924) and
found that this species had disappeared from 6
of 13 sites in the Yosemite area. Jennings and
Hayes (1994a) also estirnated that the species
has disappeared from low-elevation areas on
the western edge of the range, as well as at the
northern edpe of the range.

Treads in Abundance

In areas where Bujo canorus persists, marked
declines in abundance have also been docu-
mented. In the Drost and Fellers (199G) resur-
veys, B. carorus was present in lower densities
than in 1915 at three sites where it was still
present. Between 1976 and 1982, the number
of male toads entering breeding pools at Tioga
Pazs meadow declined from a maximum aof 342
individuals to a low of 28, a ninefold decrease
from the 1974-1978 mean (Kagarise Sheyman
and Morton 1991). Heowever, the number of
females entering breeding pools showed no
obvious changes during this time period
(Kaparise Sherman and Morton 1993). The
average number of toads encountered in daily
surveys also declined in the vicinity of Tioga
Pass meadow between the early 19705 and
1990. In addition, these surveys documented
declines in female toads, although they were
not ag gevere as those documented in males
{Kagarise Sherman and Maorton 1993). Similar
declines in abundance have also been docu-
mented at six additional localities in this region
(Kagarise Sherman and Morton 1993).

Nature ond Degree of Threat

The causes of decline in Bufa carorus require
additional study. The declines have occurred in
seemingly undisturbed areas and do notappear
to he localized, suggesting that they are being
driven by general changes to the environment,
rather than localized causes such as habitat
destruction. Several possible causes have been
advanced, and more than one factor may be
playing a role. These causes include environ-
merntal contarmination, diseage, drought and/or
climate change, habitat modification due to

grazing or other activities, human disturbance
of breeding choruses, increased predation pres-
sute from birds and fish, and pesticides. Based
on current data it is not possible to understand
in detail which, if any, of these factors are most
important in B. canorus declines,

Snowmaelt pools have extremely low acid
neutralizing capacity, leading to the hypothesis
that acidification of aquatic breeding habitat
due to atmospheric deposition may be contrib-
uting to declines. Bradford et al. (1992) exam-
ined the effect of increasing acidifcation and
the associated increase in dissolved aluminum
on embryos and haichlings of B, ranocrus,
Embryos and batchlings exposed to decreasing
PH {and increasing aluminum solute) showed
no increase in mortality at levels found in
nature. However, these factors did cause earlier
hatching and smallet body size at metamor-
phosis, Bradford et al. [1pg4] attempted to cor-
relate the distribution of declining Sierran
amphibiang with these environmental factors
and found no relationship, concluding that acid
deposition was an unlikely source of amphibian
declines in the Sierra Nevada.

Drisease has also been considered as a factor
in declines, thaugh there is little evidence to
date. Green and Kagarise Sherman (zoo01)
examined the cause of death in 12 adult B.
canorus that were found during a die-oll that
irnmediately preceded the population declines
documented at Tioga Pass meadow by Kagarise
Sherman and Morton (1993). They found that a
variety of dizeases and parasites were present in
the population, and chytridiomycosis and septi-
cemia, alone or in combination, caused the
death of at least four individuals. However, no
single infections disease was present in more
than 25% of the samples, which is far below the
proportion typically observed in other die-offs
caused by these diseases [Worthylake and Hov-
ingh 1989, Berger et al. 1998, Vredenburg et al.
2010).

California ezperienced a relatively severe
drought between 1987 and 1992, a time when
B. canorus population declines were occurring
{Roos 1992, Drost and Fellers 1990). Although
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it may have played an exacerbating role, drought
alone zeems unlikely to be responsible for
declines, California experiences drought with
some regularity, including during the time
period of the Grinnell and Storer (1924) survey,
which occurred before any major declines in 8.
ianorus were observed {Drost and Fellers 199G).
Drought does alfect year-to-year reproductive
success for this species, and prelonged drought
may have a cumulative elfect on populations
{Kagarise Sherrnan and Motton 1993}, Because
climate change is expected to impact the
amount of snow present in the Sierra Nevada
and the speed and timing of snowmelt (Cayan
et al, 2008b), drought might play an increasing
role in declines of this species in the future,
Habitat meodification is a leading cause of
decline in many species throughout California
and has been suggested as a factor for B. canarus.
However, B. canorus is found largely within the
boundaries of Yosemite National Park and other
public (mestly Naticnal Forest) lands that have
experienced varying impacts over the last 100
years. Drost and Fellers {19g6) compared pho-
tos of habitat from the Grinnell and Stover
(1924} surveys with current habitat and saw no
appatent differences. Over the course of their
aa-year study, Kagarise Sherman and Morten
{1993) were also unable to detect significant
hahitat changes. That said, local impacts from
changing habitat remain a potential driver of
declines. All-terrain vehicle and snowmobile
use in some localized areas may degrade habitat
quality [D. Emery, pers. comm.). Some workers
have postulated that livestock grazing in alpine
meadows of National Forest land causes changes
to hydrology, which may affect the suitability of
breeding habitat and increase sedimentation in
pools. Two recent, relatively short-term studies
{5 years) have addressed this hypothesis: one
that used experimental fencing treatments to
exclude livestock from B. cenorus breeding
meadows and a second that included occupancy
surveys across pradients of meadow moisture
and livestack use levels (K. Tate and A. Lind,
pers. camm.), Both of these studies demon-
strated that meadow weiness was more influen-
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tial in determining the current distrilwution and
abundance of B. c@norus than the level of live-
stock use, Sean Barry (pers. comm.) docu-
mented that tbads seern to persist and even con-
centrate in areas that had been disturbed by
cattle in the Kaiser Meadow population. It is
also possible that the presence of cattle feces
increases insect food supply for adult teads,
although this remains untested. Martin {2008)
suggests that the practice of fencing individual
breeding pools to prevent grazing might actu-
ally lead to stronger habitat disturbance from
cattle grazing in the terrestrial foraging habi-
tats, potentially increasing the overall impact
from grazing. These local-scale influences of
livestock grazing along with more detailed and
longer-lerm investigations of liveslock use in
the context of B. canorus metapopulation
dynamics require further study.

Some researchers have suppgested that
increasing predation pressure could be causing
declines, A variety of avian predators are known
to feed on adult and larval toads, and increasing
densities of common raven (Corvus corax) have
been postulated as a possible cause of decline
(Kagarise Sherman and Merton 19g3), Ravens
ate known to prey upon other toad species in
the B. boreas complex and likely also take B,
canorus. Evidence sugpesis that declines in
other amphibian species have accurred in areas
where fish have been introduced {Drost and
Fellers 19gh). However, fish alone are unlikely
to explain the declines in B. canorus. Most B.
canorus reproduction takes place in ephemeral
waler badies that do not contain fish { Drost and
Fellers 1996). Knapp [2005) found no evidence
for an effect of intreduced trout on 8. canorus
presence and absence. Further, Grasso (2005}
and Grasso et al. {2010) examined the palatabil-
ity of early life stages of B. eanorus to introduced
brook trout and found that all life stages wete
highly unpalatable, suggesting that introduced
trout may have little direct impact on
populations,

Some authors have noted that breeding cho-
ruses of B. cenorus are sensitive to human dis-
turbance. Grinnell and Storer (1924} docu-



mented that choruses would abruptly stop
calling when humans entered a meadow. They
specifically noted that B. canorus seemed to be
more sensitive to this disturbance than the
sympatric Pacific treefrog (Pseudacris regilla).
Karlstrom {1902) as well as several hiologists
presently working on this species disagree that
this species’ calling behavior is impacted more
strongly by human disturbance than other toad
species. Karlstrom (1062) did notice wariness at
night and that cars moving through the area
even at 0.8 km distance would cause choruses
to cease calling and that “the almost continual
daytime traffic in [Yosemite Mational Park]
might help to explain the paucity of roadside
populations” of B. carerus. It has also been sup-
gested that the relatively frequent handling and
study experienced by some populations could
induce stress and immunosuppression, which
may also be playing a role in declines {Green
and Kagarise Sherman zoo1). To our knowl-
edge, this possibility has not been investigaled,

Davidson et al. (2002) found that areas
where toads had disappeared were downwind
from disproportionately large areas of apricul-
tural land (primarily the low-elevation popula-
tions on the western side of the Sierra Nevada),
suggesting that wind-borne agrochemicals may
be a factor in declines. However, this relation-
ship was not statistically significam.

When this evidence is taken together, it is
clear that the causes of decline for B. canorus
are still pootly understood. It is possible that
several factors act in combination, perhaps
interacting with variation in life history or
metapopulation dynamics. Individual popula-
tlons may be susceptible to localized extirpa-
tion due to small population sizes and the spe-
cies’ slow maturation rate. Increasing frequency
of localized extirpations could cause a break-
down of broader-scale metapopulation dynam-
ics, leading to additional declines as recoloniza-
tion ceases to counteract local population
extirpations. Landscape genetic data suppest
that migration rates between local populations
are already low in several arcas and this situa-
tion would likely be exacerbated by additional

localized population declines and extirpations
{Wang 2o12). These inferences are still specu-
lative, however, and further research is needed
on many aspects of B. canerus population biol-
ogy o better understand ongoing declines.

Status Determination

Declines in both distribution and abundance,
coupled with a poor understanding of the fac-
tors leading to decline, are the major factors
justifying a Priority 1 Species of Special Con-
cern status.

tManagement Recommendations

An effective management program for this spe-
cies will depend on identifying and prioritizing
the factors leading to observed, ongoing
declines. Until this is accomplished, protecting
breeding meadows from disturbance of natural
hydrolopic regimes and water table dynamics
and limiting human disturbance to meadows
during the breeding season may be helpful in
safeguarding populations. In addition, upland
wintering habilats adjacent to breeding areas
should also be protected from grazing and
aother disturbances,

Monitoring, Research, and Survey Needs

Ongoing monitering and study of this species
is required with a particular aim of identifyiug
the major factors leading to decline. It is possi-
ble that some populations are relatively stable,
and comparisons with declining sites could lead
to imporiant insights into reasons for declines
and potential management solutions. Experi-
mental work, going beyond the primarily cor-
relational studies that have been carried out
thus far, could also be helpful in identifying the
most important factors. In particular, experi-
mental studies ot human disturbance, suscepti-
hility to disease, and the potentizl role of
reduced snowpack on hibernation and breeding
biology would all be useful, Populations should
also be monitored for disease outbreaks,
Further genetic work also needs to be com-
pleted to characterize genetic diversity within
the species. Several studies have already been
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carried out, although they rely primarily on
mitochondrial data alone, which is unable to
distinguish true population subsiructure {or
multiple lineages) from introgression fram
nearby B. boreas populations. Wang {2012) adds
important information from the nuclear
genome, but focuses on Yosemite National Park
rather than the species’ range as a whole,
Future studies should utilize multiple unlinked
nuclear markers to ¢larify the diversity present
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in the species, pene flow among meadows, and
effective population sizes.

Finally, the majority of survey efforts to date
have focused on papulations within the bound-
aries of Yosemite Wational Park. A committed
survey effort is needed to better understand the
location of populations, their trends in distribu-
tion and abundance, and their disease status
and level of infection {or lack of) in areas out-
side of the park itself.









of metallic Hecks and are §o-75 mm in TL
{Hussbaumn et al. 1983). In southern Mendoc-
inn County, this species could he eonfused with
R. draytonii {Shaffer et al. 2004). Rene dreyto-
nii ig a larger frog {up to 138 mm 5VL; Stebbins
2003), and typically its dark dorsal markings
have light centers (Stebbins 20a03).

Taxonomic Relatianshigs

Although initially described as a distinct species
{Baird and Girard 1852), for much of the twenti-
eth century northern red-legged frogs were
regarded as the subspecies Rana aurora gurorg
{Camp 1917). Shudies over the last few decades
have supported the current taxonotnic arrange-
ment, with R. aurcra and R. draytenii both rec-
ognized as distinct species. While they look
supetficially similat, these two species differ in
marphology {vocal sacs, body size) and breeding
behavior, and are genetically distinet {Hayes
and Miyamole 1984, Green 1985, Green 1986a,
Green 1986b, Hayes and Kremples 1986, Shaf-
fer et al. 2004). A narrow contact Zone occurs
between E. aurore and R. draytonii in southern
Mendocine Ceunty {Shaffer et al. 2004).

Life History

Limited information is available on Rara aurora
life history, with most studies occurzing outside
of its California range. Adults migrate to wel-
lands to breed for a [ew weeks between Decern-
ber and April when temperatures range fram
4°C to 18°C (Storm and Pimentel 1954, Storm
1960, Dumas 1906, Licht 1969, Calef 1973).
Males call beneath the water (Licht 3960, Brown
1975b). During one breeding season in Hum-
boldt Bay National Wildlife Refuge, two breed-
ing events more than a month apart produced
over half of the egg masses {|. Betasso et al.,
unpublished data). Egg masses are 15—25 cm in
diameter and contain approximately soo—6oo
eggs on average (Calef 1973, Licht 1974, Brown
1y75b). Egps are attached to emergent and Hoat-
inp vegetation, branches, or logs up to 150 cm
belew the water surface (Brown rg7sh, Storm
1900, Calel 1973, Cary 2010}, Surveys in Hum-
boldt Bay National Wildlife Refuge found that

most egg masses occurred between 30 and
6o cm elevation in the stream channel, at an
average height of 37 cm above the bottom and
8 cm below the water surface {]. Betasso et al,
unpublished data). In southwestern British
Columbia, eggs wera found at least a tmeter away
trorn the pond edge or river bank [Licht 1969},
Water temperatures near developing eggs in a
Washington pond were 8.2°C on average (Brown
1975h), and embryos tolerate temperatures from
4°C to 21°C (Licht rg71). Dumas (1966) reared
embryos at 11°C, 15°C, and 20°C, and observed
the greatest embryo mortality at 2a°C.

Embryonic development (from laying to
hatching) takes 34~49 days {Storm 1660, Licht
1971, Brown 1975Dh). [n Humboldt Bay Wildlife
Refuge, most egg masses (103/232) persisted for
4 weeks before completely hatching out
{I. Betasso et al., unpublished data). Larvae hatch
at 8-12 mm long {Swmorer 1925, Storm 1560,
Brown 1597sh) and grow to up to 8o mm TL
{Brown 1975b}. Metamerphosis occurs after 3-7
months (Brown 19%75b, Storer 1925) and meta-
morphs are 18-29 mm {Brown rg7sh, Storm
1900, Calef 1973}. Larger metamorphs are more
likely to survive and to emigrate [arther {Chel-
gren et al. 2000). In a Washington population,
cpps were laid in February and March, the frst
larvae hatched in April, and metamorphosis was
completed in late July (Brown 1g97sb).

Rarna aurorz juvetliles disperse from breed-
ing sites within days or weeks after translorma-
tion (Licht 1974, Licht 198Ga). While daily
movements of adults may be on average only a
few meters per day, movements of several hun-
dred meters to 4.8 kilometers have been docu-
mented over longer periods (Hagpard 2000,
Hayes et al. 2001, Chan-McLeod and Wheeldon
2004, Hayes et al. 2007).

Larvae are algal grazers {Dickman igG8).
Metamorphs and adults are generalist predators
of insects, spiders, and mallusks (Licht 1g8aby).

Habitat Reginremnents

Rama gurora occurs in mesic forests and ripar-
ian areas, which in its northern California
range are primarily steep coniferous forests,
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coastal terraces, and floodplains (Nussbaum
et al, 1983, Stebbins 2003). Rana aurera is
relatively terrestrial for a ranid frog. Adults can
occur hundreds of meters ffom water, and are
often found in dense vegetated or downed log
cover {Dunlap 1955, Dumas 1960}, Adult frogs
radio-tracked from March to July in Humboldt
County were detected on land go% of the time
and usvally within § m of water, though ani-
mals were found up to 8¢ m away from water
{Haggard 2000). In habitat choice experi-
ments, juvenile frogs spent most of their time
out of the water (Pearl et al. 2004).

Both permanent and temporaty breeding
habitats are used, such as ponds, freshwater
lagoons, lakes, and slow-moving streams {Licht
1969, Cary 2010, Sun zo012). Artificial habitais
such as drainage ditches are also used {T. Fuller,
|. Garwood, and M. van Hattem, pers. comm.}.
Coastal streams may be important dispersal
corridors to inland populations. For example, R.
aurorn have been found outside of the breeding
season (n coastal streams in Humboldt and Del
Norte Counties, and egp masses have been
found in backwaters and alcoves of the Smith
River where surrounding areas have been diked,
drained, and converted {]. Garwood, pers.
comm.}. Both aquatic and terrestrial vegetation
are important determinants of breeding habitat
quality. [n Humboldt County, egg mass pres-
ence was pasitively correlated with low canopy
cover (ponds with less than ~40% canopy cover
are more likely o have egp masses present; Cary
zo10). Egg mass density was higher in smaller
ponds { 2000 m?) and in ponds where the per-
centage of floating and emergent vegetation
cover was at least ~40% (Cary 2o10], Surveys in
Oregon also found support for the imporiance
of emergent vegetation, as wetlands used for
breeding had 27% open water on average cam-
pared to 50% open water in unused wetlands
{Peat] et al. 2005a). Occupancy models fitto 5
years of survey data in Oregon predicted that
local extinction probability decreased as the pet-
centage of trees along the shoreline increased
and surface area of emergent vegetation
increased {Adams et al, 20171},
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Distribution (Past and Present}

Rana aurora occurs from Mendocino County,
California, north along the west side of the
Cascade Crest up through Vancouver [sland
and the adjacent mainland coast of British
Columbia {Stebbins 2003). Populations also
occur on Graham [sland, British Columbia
{Ovaska et al. 2002}, and on Chichagof 1sland,
Alaska (Hodge 2004}. The elevational range
extends from near sea level o 1160 m in Lane
County, Oregon (Dunlap 1955), with popula-
tions in California occurring up to approxi-
mately 300 m {Jennings and Hayes 1994a).
Two lacalities included on our map possibly
extend the eastern edge and elevation range in
California, and are in need of further investi-
gation. A specimen collected by Camp in 1913
from eastern Mendocino County is in the UC
Berkeley collection {MVZ 50G8), photographs
of which were reviewed by several experts. 1t is
possible that the specimen is a misidentified
R. drayptonii, or it may be that R. aurora was his-
torically more widespread. Despite the pres-
ence of potentially suitable habilat, contempo-
rary CDFW biologists working in this region
have not observed any R. aurora east of High-
way 101 0r in Mendocino National Forest
(T. Fuller, pers. comm.}. At another site, two
individuals were found recently in eastern
Hurmbeldi County at arcund 8co m elevation
{M.van Hattem, pers. comm.).

In California, surveys have found B, aurorn
ta be mostly absent frorn the river bottom lands
of the Eel, Mad, and Smith Rivers. These areas
have undergone extensive habitat conversion to
beef, dairy, and bulb farming, though popula-
tions may persist on inaccessible private lands
{M. van Hattemn, unpublished data). Surveys in
Orepgon's Willamette valley found R. aurora at
50% of sites, with highest occupancy probabil-
ity observed in seasonal sites without fish
(Rowe and Garria z013).

Trends in Abundance

Population declines have been suspected for
Rana auror, particulacly in Oregon’s Willamette
Valley {eg., Nussbaurn et al. 1983; Hayes and



fennings 1986). However, systematic sutveys are
lacking. Data on R. asrora abundance in Califor-
nia are limited, particularly with regard 10 docu-
menting trends over time. Mean density of egg
masses in breeding ponds m Humboldt County
during one breeding season was o.2/m?, with
densities up o o.7/m? observed [Cary 2a10). In
Del Norte County, 382 egg masses were found in
4 40 % 40 m area of a pond near the confluence of
East Fork Mill Creek and West Branch Mill Creek
{]. Garwood, unpublished data). Surveys in Cali-
fornia have found more egg masses in areas
where natural vegetation buffers the breeding
habitat compared to developed areas {M. van Hat-
tern, unpublished datay.

MNature and Degree of Threat

The major threat to Rana aurora is development
and foreat conversion leading to habitat loss and
degradation. Other threats include introduced
predators, disease, and climate change, though
more data are needed on each of these
SUIEBSOTS.

Due to issues such as low capture rates, it is
unclear whether R. awrera abundance varies
consistently with stand age in harvested forests
{reviewed in Pearl zoo5}. For example, terres.
trial {Welsh et al. 2007) and aquatic {Ashton et
al. zoob) amphibian surveys in northwestern
California forests have documented only a
handful of R. purora. In Washington, breeding
sites with high primary forest cover within
2 km had higher egg mass counts, as did breed-
ing sites greater than o.25 km away from roads
{Holcomb 2012}, On Vancouver Island, radio-
tracked frogs tended to move toward old-growth
standg and away from clear-cuts <12 years old,
suggesting that recolonization of impacted sites
may require several years {Chan-Mcleod
2003). Inan Oregon study, the highest capture
rates of R. aurora were in mature, mixed large
sawtimber forest (Martin and McComb zo01}.

Agricultural and residential development
has likely contributed to habitat loss and degra-
dation for R. aurore, and is projected to continue
to increase in the future. For example, much of
the Smith River coastal plain in Del Norte

County has been converted ta lily bulb produc
tion (], Garwond, pers. comm.). In addition o
habitat loss, such agricultural conversion can
further deprade habitat through use of chemi-
cals such as pesticides, herbicides, and fungi-
cides. Similatly, the emerging issue of largely
unregulated marijuana cultivadon can degrade
watersheds through grading and roadbuilding
(which both destroy habitat and create runoff
into aquatic habitats), application of pesticides
and herbicides, and thmough dewatering of
springs, streams, and wetlands used for irriga-
tion (e.g., Thompson et al. a014). Regidential
and commercial development is likely w increase
in northern California, potentially leading to
losses of breeding habitat or less of access to
remaining habitat. For example, the Humbeldt
County General Plan is currently being updated,
with some proposals congidering a doubling or
tripling of rural development. However, R.
aurorg does use artificial habitat for breeding,
and amount of urban cover was not a strong pre-
dictor of frog occurrence in surveys in Oregon
{Rowe and Garcia 2o13), suggesting some toler-
ance for certain kinds of habitat modification.
Introduced predatory fish and bullfrogs are
widespread throuphout R. aurora habitat in
California, including sites near the coast
(T. Fuller, ]. Garwood, and M. van Hattemn,
pers. comm.}. Negative irnpacts have been doc-
umented in mesocozm experiments, but feld
observations have yielded both negative and
neutral effects of iish and bullfrogs on R, gurara
distribution and abundance. Field-enclosure
experiments in Oregon have shown reduced
survivorship, shifts in microhabitat use, slower
development, and smaller size at metamorpho-
sis of R. aurora in the presence of fish and bull-
frogs (Kiesecker and Blaustein 1998). Surveys
in Oregon and Washington have found evi-
dence for negative associations between R.
aurorz presence or abundance and the presence
of nonnative fish but weak or np evidence for an
effect of bullfrops (Adams 1999, Peat] et al.
20053, Rowe and Garcia 2¢13). Other studies
in Oregon and Washington have not detected
any effects of fish or bullfrogs on R. aurara
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presence {Richter and Azous 1g9g5, Adams etal,
1998, Adams et al. zom1). Little data are availa-
ble from California. Freshwater Lagoon and Big
Lagoon in Humboldt County both have a long
history of fish stocking, and surveys of guitable
habitat during the 2010 and 2011 breeding sea-
sons never found more than 1 epg mass in
either lagoon (M. van Hattem, unpublished
data). While introduced fish and bullfrogs can
prey upon R. aurorz, the population-level
impacis of such predation are unknown. Gut
contentanalysis of 5075 bullfrogs collected cver
5 years on Vancouver Island found R, avrora in
only c.2% of stomachs (Jancowski and Orchard
2013,

Expected climate changes within the Cali-
fornia range of R. aurorz over the next woo years
include increased temperatures, sea-level rise,
changes in hydrelopy, changes in fire repime,
and vegetation shifts (reviewed in PREO 2011).
The frequency of extremely hot days is projecied
to increase, with roughly nine additicnal days
over 32.2°C (Bell etal. 2004), though the effects
of increased temperature are difficult to predict.
A mesocosm experiment on larval R, aurora
found that the combined effects of warmingand
drying can offset each other: warmer conditions
resultin more algal resources, allowing larvae to
develop faster and escape costs of drying
{O’Regan et al. zo14). Sea-level rises as high as
72 cm above 1990 levels are predicted under
some models for California {reviewed in PRBO
2011), which may cause saliwater intrusion into
estuarine habitat used for breeding, Upwelling
is expected to intensify, which may increase fog
development and contribute to cooler, moister
conditions {Snyder et al. 2003, Lebassi et al.
2009), possibly facilitating terrestrial habitat
use by this species along the coast, Potential
changes in precipitation are less clear, some
models predict either modest increases or
decreases in rainfall, while others predict sharp
reductions of up to 28%. (reviewed in PRBO
zor1). Reductions in water availability due
to reduced snowpack and possibly reduced pre-
cipitation will afTect the timing and magnitude
of stream fows, which may negatively affect
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habitat {Snyder et al. 2004, Stewart et al, 2005,
Cayan et al. 2008b}. How fire regime will be
affected by climate change in northwestern
California is not well undersiood. Some models
predict little change in fire regime or even
decreases in area burned along the northern
coast {Fried et al. 2004, Lenihan et al. 2008),
while increases in area burned have been pre-
dicted for the southern coast of northwestern
California (Lenihan et al. 2008). Westerling et
al. {2011) projected a 100% increase in area
burned in northwestern California under some
scenarios. How R. aurora responds to wildhre iz
unknown. Vegetation communities are expected
to shift from moist conifer to drier mixed ever-
green forest, with reductions in Douglas fir and
redwood forest in particular (Lenthan et al.
2008, PRBO 2011). Loss of moist forest habitat
would likely be detrimental tn RB. gurora; how-
ever, most of the predicted vegetation changes
occur farther inland from its tange.

Disease has been repeatedly implicated in
amphibian declines, but to date there is little evi-
dence that disease has played a major role in
determining R. gurora abundance. While Bd has
been documented from a high proportion of sites
examined {n Humboldt County (r1f13; Nieto
2004, Sun 2012), the prevalence of infected indi-
viduals is relatively low {  15%; Nieto 2004, Sun
2012}, Water meld infection of egg masses has
been observed in the Reld (Cary 2010, M. van
Hattern, unpublished data} but population canse-
quences of infection are unknown. Terrestrial
versus aquatic life stages may respond differently
to fungal infection. Juvenile metamorphs
infected with Saproglenia in the lab did not have
significantly higher mortality than uninfected
individuals {Romansic et al. 2007}, while two
weeks of exposure was lethal to R, aurera larvae
(Romansic et al. zooga).

Status Determingtion

Rana aurora has a small range in California in
a region that is undergoing continuing develop-
ment, agricultural use, and timber harvest,
making it a Priority 2 Species of Special
Concern.



Management Recammendations

Management of Rana aurora should focus on
addressing habitat degradation and loss due to
development, timber harvest, and agriculture
{including marijuana cultivation], introduction
and spread of nonnative predatary fish and bull-
frogs, and on minimizing unintended negative
impacts due to salmonid restoration. Observa-
tions of higher abundance in breeding habitat
with intact terrestrial vegetation nearby {though
not excessively shading poends; Cary zoro,
Adams e al. 2011, Holcomb 2012) coupled with
the terrestrial habitat use and long distances
traveled by adults {Hayes et al. 200%) support
the idea of maintaining vegetation buffers
around breeding habitat in forested areas and
setbacks between wetlands and development.
Current regulations for development setbacks
under the California Coastal Act of 19776 give
digtances from breeding wetlands of up te 3o m
depending on land use. However, these setbacks
are reducible upon request and we recommend
that consistent, biologically based setbacks be
developed. Rana aurora may experience less
impact from timber harvesting methods that
leave residual tree patches, particularly if multi-
ple trees are included in patches between 0.8
and £.5 ha in size and are near streams {Chan-
McLeod and Moy 2007). Marijuana cultivation
appears to pose a growing threat to maintenance
of high-quality habilat for this species. Enforce-
ment and regutation of marijuana cultivation is
ar ongoing issue in California and we suggest
that the environmental impact of such activities
be considered. Populations of introduced fish
and bulifrogs should be prevented from invad-
ing R. aurora breeding habitat. While bullfrogs
may already be widespread, intentional fish
stocking should be restricted to avoid R. aurora
habitat, Restoration projects for native salmo-
nids ghould alse take into consideration poten-
tial impacts to R. aurora that may be caused by
converting freshwater wetlands to estuarine
habitats and salt marshes.

Marnitaring, Research, and Survey Needs
Monitoring of Rana aurora egg mass counts
should continue in order to provide baseline
data on distribution and abundance and to
detect declines. Raena aurors management
would benefit from additional study of move-
ment and habitat use, life history, effects of
matijuana cultivation, and impacts of intro-
duced species in the field. Particularly as habi.
tat becomes increasingly fragmented, data on
connectivity among habitat patches, effects of
road density, and use of terrestrial habiiat away
from breeding ponds can help inform appropri-
ate getback dislances and buffer configurations,
Genetic studies may also be helpful for under-
standing patterns of frog movement across the
landscape. Basic life history information overall
and from the Califernia range in particular is
alselacking. Understanding saltwater tolerance
of different life slages would be useful for pre-
dicting the extent of sea-level-rise effects on
coastal populations. Field research on impacts
of marijuana cultivation on amphibian popula-
tions would contribute to developing environ-
menlal regulations for this prowing industry.
Much nf the concern for bullfrog impacts on R.
aurora is from experimental mesocosm studies.
Additional research that addresses the effects
of bullfrogs and fish on R. gurora in the feld is
necessary to understand the community con-
text of impacts, as the effects of bullfrogs in
combination with fish may be greater than
either singly (Kiesecker and Blaustein 1998),
and hish may be facilitating bullfrog survival
(Adams et al. 2003). Under the assumption
that eradication of well-established introduced
species is unlikely to be feasible ar a large scale,
a main goal of this work should be identifying
factors that can potentially be manipulated w
promote coexistence hetween R. aurerg and
nonnative predators, such as managing terres-
trial and aquatic vegetation cover and
hydcoperiod.
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Jentiings and Hayes (2005) documented
orange or red coloration on the ventral surfaces
of the hind limbs in post-metamorphic animals
trom Glenn, Tehama, and S1anislaus Counties.
Tadpoles reach a maximum size of §5 mm and
are usually olive dorsally with dark spots or
mottling that matches the stream substrate and
a silvery venter {Nussbaum et al. 1983). Males
call primarily underwater but will also call
above (MacTague and Northen 19g3).

Other species that R. boylii could potentially
be confused with in California include the Cali-
fornia and northern red-legged frogs (R. drayto-
nii and R. aurora), the mountain and Sierra
Nevada yellow-legged frogs (R. muscosa aud R.
sierrae), and juvenile bullfrogs. Rana draytonii
akd R. gurora have smooth skin, a prominent
jaw stripe, distinct dorsolateral felds, and usu-
ally have red coloration under the hind limbs
{although R. beyliican also have red ventral col-
oration, and young R. draytenii and R. awrors
often have yellowish thighs) (Stebbins zooa,
Jennings and Hayes 2005}, Rana muscosa and
R. sierrae have smoother skin, smooth tym-
pana, and tend to lack the light patch on the
snout {Stebbins 2003). Bullfropgs occasionally
ca-occur with R. boylii but tend to be greenish
in color, with smoother skin, and large, smooth
tympana (Stebbins 2003).

Taxoromic Relationships

Rana boyplii has been recognized as a distinct
species for a long period of time, although its
phylegenetic placement among other North
American ranids has been revised repeatedly
(Baird 1854, Macey et al. 2001, Hillis and Wil-
cox 2005}, Zweifel (1g55) documented variation
in color and morphology ameng California R.
boylii populations. Recent phylogeographic
studies have found that genetic variation
among R. boylii populatiens is structured along
hydrologic boundaries (Dever 2007, Peck 2010,
Lind et al, zo11). In a range-wide phylogeo-
graphic study, Lind et al. (2011) identified some
peripheral populations that are deeply diver-
gent from populations within the core of the
range. In California, populations in southern-
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most Monterey County west and south of the
Salinas River Valley and populations from the
southern Sierra Nevada were found to be phylo-
genetically distinct from the rest of R. boylii,
suggesting a long history of isolation. While
extreme southern populations from Los Ange-
les County are now extirpated, Lind et al. {za17)
hypothesized that animals from those localities
may also have been genetically distinct.

Life Histary

As a stream-dwelling frog, the life history of
Rang hoylii coincides with seasonal patterns in
river Hows associated with California's Mediter-
ranean climate. The most sensitive life stages
(eggs and larvae) develop during relatively sta-
hle conditions when streams are at their lower
stages (Kupferberg et al. zoogb). Breeding and
oviposition occur in spring after Aood waters
recede, and tadpoles metamorphose in late
summer through early autumn before winter
rains (reviewed in Lind 2005, Haggarty zoof,
Wheeler and Welsh 2008). Southern popula-
tions breed earlier than northern populations
{Zweifel 1955), and the onset and duration of
breeding can be infAuenced by water tempera-
ture, cessation of rainfall, water velncity and
depth, and day length (Zweifel 1gs5s, Kupfer-
herg 1ggba, Lind et al. 19ggG}). Between 200z
and 2007 at a site in De} Norte County, breed-
ing activity was initiated in early April and
lasted for 19-5a days, with earlier breeding
occurring in low-flow years (Wheeler and
Welsh 2008). Breeding activity ceased briefly
during rain events that increazed flows
{Wheelet and Welsh 2008).

Females lay a single cluster of up to 2000
eggs {Zweifel 1955) attached to pebble or cobble
substrates (Fuller and Lind 1992) or to bedrock
(M. van Hattem, pers. commm.). Bpgs take 2 3
weeks to haich, depending primarily on water
temperature (Kupferberg 1g996a)]. Major
sources of natural egg mortality are desicration
through stranding in dry years, and scour from
floods in wet years {Kupferberg et al. zoogh).
Adults breed at 2 or 3 years of age depending on
the geographic location, and this translates inta



Auctuations in adult populations being deter-
mined by environmental conditions during
recriitment z—3 years prior (Kupferberg et al.
2005b). Metamarphosed animals captured in
Tehama County were r.2—7.2 years old based
on skeletochronology {Bourque z008), sug-
gesting that they can be relatively long-lived.

Radiotelemetry studies are beginning to
offer more insight into terrestrial movements.
Adults aggregate at pools in the spring but
become tmore difficult to find in the summer
(Van Wagner 1990, Haggarty 2006, Wheeler
and Welsh 2008). In one study in Tehama
County, frogs used watercourses for movement
and were rarely more than 12 m from the
streamn channel (Bourque 2c08). Fernales
tended to move upstream during spring and
downstream during the fall and winter. Travei
rates in this population were up to 1386 m/day,
faster than previously thought. In other stud-
ies, the lonpest distances traveled have been
closer to 500 m at rates of tens to a few hundred
meters per day (Van Wagner 19006, Drennan et
al. 2006, Wheeler et 2l. 2000). Females tend to
move farther distances than males, with female
maovements up to 7 km decumented in one
study {Bourque 2008, Gonsolin 2010). At one
locality in Del Norte County, 68% of males
remained in one breeding site during the repro-
ductive season, with average home range sizes
of 0.58 m* (Wheeler and Welsh 2008}, At a site
where the availability of permanent water is a
limiting factor in Santa Clara County, resident
tributary frogs moved to the main stem to
breed and moved greater distances than resi-
dent main stem frogs {Gonsolin zo10). Greater
than go% of movements were associated with
movements to ar from breeding sites, and all
movements outside of the breeding season
were made in response to the channel drying
back ar to rainfall {Gonsolin zo10),

Larvae appear to be herhivorous, while met-
amorphs and adults consume terrestrial and
aquatic insects, Alpae with epiphytic diatoms
are a preferred food for tarvae, and the abun-
dance of floating alpae indicates the quality of
larval food resources {Kupferberg 1996Gh, Kup-

ferberp 1997%). Metamorphosed animals prima-
rily forage terrestrially {Zeiner et al. 1988, Van
Wagner 1996, Haggarty 2006, Hothem et al.
2009}, Spiders, beetles, and Aies are common
prey items {Haggarty 2006, Wiseman and Bet-
taso 2007, Hothem et al. 2009}, Gut content
analyses of adults collected from 2.2 sites in the
Cache Creelc watershed found that g8% of indi-
viduals contained terrestrial prey, 28% con-
tained aquatic prey, and one animal contained
mammal hair and bone fragments {Hothem et
al. 2009). Two occurrences of adults cannibal-
izing juvenile conspecifics have been docu-
mented {Wiseman and Beltaso zo00%).

Habitat Requirements

Rana boylii is primarily stream dwelling and
tequires shallow, flowing water in streams and
rivers with at least somme cobble-sized substrate
{(Haves and jennings 1988}, Different lile
stages use different habitat types for develoap-
ment, foraging, and overwintering.

Breeding and oviposition occur at the mar-
gins of relatively wide and shallow channel gec-
tiens, habitats that experience reduced flow
variation (Storer 1g2s, Fitch 1930, Kupferberg
1996b, Lind et al. 1990). Breeding sites are
often Jocated near tributary confluences {Kup-
ferberg 15¢6a, Bourque 2008), Egp masses are
attached in low-flow locations behind and
sometimes under rocks. The most commonly
uged substrates for breeding sites are cobble,
boulders, and gravel (Fuller and Lind 1992,
Kupferberg 199Ga). Eggs have been found at
water depths up to 87 cm (C. Bondi, 5. Yarnel),
and A. Lind, pers. comm), in water velocities
of o-o0.21 m/s, and up to 125 m from shore
{Kupferberp 19964, reviewed in Lind 2003).
The critical thermal maximum for embryos is
20°C, and eggs have been found in water rang
ing from g°C to 21.5°C (Zweilel 1055). Density
of egg rnasses wag highest in Fel River reaches
when July mean temperatures were hetween
17.5°C and 19'C (Catenazzi and Kupferberg
2013). Epp mass surveys from 1991 to 2002
across 11 small and large streams in the North-
ern Coast Ranges and the Sierra Nevada found
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that oviposition sites occutred in a very narrow
range of microhabitat ennditions that were dif-
ferent from randomly selected habitats, strongly
suggesting active habitat selection by frogs
(Lind zo005). High-quality breeding areas are
often used over multiple years (Lind 2005).
Larvae tend to stay in natal habitats until they
metamorphose (Van Wagner 1996). Surveys in
the Mattale Watershed in northern coastal Cali-
fornia across different channel tbypes found that
tadpole presence was best predicted by rela-
tively warmer water temperatures {Welsh and
Hodgson 2011}, Tadpoles were never found in
water colder than 13°C, and tadpole abundance
increased with waler temperature [Welsh and
Hodgsen 2c11). In choice experiments, tad-
poles selected temperatures between 16.5°C
and 22.2°C (Catenazzi and Kupferberg 2013).

Metamorphosed animals use a variety of
aquatic habitats, including riffles, pools, and
glides {reaches intermediate between rilfles
and poolsy depending on the life stage and sea-
son (Van Wagner 1996, Yarnell zooo, Lind
zoos, Yarnell 2co5, Haggarty 20006). At Red
Creek in Tehama County, past-breeding season
adults and subadults preferred pool and rifHe
habitats, while young of the year metamorphs
selected slower-moving glides and runs (Hag-
garty zooG). In Nevada County, all age classes
used rifHes after the breeding season (Van
Wagner 1996]). In the Sierra Nevada foothills,
subadults chose fast-flowing sections of stream,
while adults used slower-moving pool halxtats
(Yarnell zoco, Yarnell 2005). In the Mattole
Watetshed, the best predictor of adult presence
in streams was canopy openness (Welsh and
Hodgson aopr1). Abundance of adults and lar-
vae was positively associated with larger basin
areas and bner substrates, conditinns more
typical of alluvial channels than other channel
types (Welsh and Hodpgson 2011},

Less is known about terrestrial habitat use,
Adults typically occur along waterways with
some degree of shading (Fitch 1938, Zweifel
1955, Moyle 1973, Hayes and Jennings 1988,
Van Wagner 19906}, although they also occur in
open habitats (Welsh et al. 2005, Haggarty
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20006, Welsh and Hodgson zo11). During the
spring, radio-tracked males and females in
Tehama County were often found on land near
waler (38% and 606% of the time, respectively;
Bourque 2008). The averape distance from
water was tess than 3 m in all seasons, although
adults occasionally used habitat up to 40 m dis-
tant from streams (Bourque zoof8). Adults
move {0 tribotaries or upland habitals to avoid
floods following large rain events (Kupferberg
1996b, Van Wagner 19g6, Yarnell zooo,
Bourque 2008}, Tributaries are also used for
overwintering in early spring before adults are
abundant on the principal channels {Kupfer-
berg 1996h, Yarnell zoo0), Juveniles will also
move inie tributaries, with maximum mave-
menis of 860 m from halching site to upstream
tributaries observed in Santa Clara County
{Gensolin 2010}, Adults may apgrepate above
ground in terrestrial microhabitats on tributar-
les post-breeding {Leidy et al. 2009).

Distribution (Past and Present}

Historically, Rana boylii occurred in foothill
and mountain streams from the San Gabriel
River in Los Anpeles County to southern Ore-
gon west of the Sierra-Cascade crest (Nuss-
baum etal. 1983, Stebbins 2003), from sea level
to 1940 m {Hemphill 1g52}). There is an iso-
fated, wunverified record from northern
Baja California, Mezxico, at ~2000 m (Loomis
1905].

Jennings and Hayes {1994a) considered R.
boplii endangered in central and southern Cali-
fornia south of the Salinas River, threatened in
the west slope drainages of the Sierra Mevada
and Cascades, and of special concern in the
Coast Ranpges north of the Salinas River. They
estimated that R, boylii were extirpated from
45% of their historical localities in California,
and 66% of hislorical Jocalities from the Sierra
Mevada. Building on that mapping effort, Lind
(2005) looked at 394 historic localities in Cali-
fornia and Oregon, and found that 201 locaki-
ties (51%) were no longer occupied, with extir-
pations largely in southern California and
northern Oregon. Kupferberg et al. {2012)



determined current eccupancy of 310 randemly
selected sites that were eccupied prior to 1975,
They found that half of the sites still had R.
boylii papulations, with frogs more likely to be
present in sites without large dams.

Extirpations likely began in the second half
of the twentieth century. Grinnell and Starer
(1924) noted several sites in the Sierra Nevada
foothills around Yosemite where R. boylii were
common, [n resurveys of those sites and sur-
veys of additienal sites in the early 19905, Drost
and Fellers (1096} did not find any R. boylii,
Surveys by Movle {1973} in the 1970s found R.
boplii at only 30/95 sites in the southern and
central Sierra Nevada foothills. Field surveys
since 1993 have found at least one frog at only
213/ 304 sites in 28/40 California counties [Fel-
lers 2oo0sa). Fellers (2005a) estimated that
extant populations occur in 40% of streams in
the Pacific Northwest, 0% of streams in the
Cascade Mountains, 30% of streams in the
south Coast Range (south of San Francisco),
and 12% of streams in the Sierra Nevada.

Trends in Aburndance

Kupferberg et al. {2012) compiled epg mass
density data from multiple sources on 27 Sier-
rar. and coastal populations in northern Cali-
fornia between 1991 and 20to. The range of
densities reported was between 1.9 and 105.7
clutchesfkm of reach sampled. Average density
was higher in free-flowing rivers (311 clutches;
km) than in rivers with dams (5.5 clutches/
km), but no differences were detected between
abundances in coastal versus monlane water-
sheds {Kupferberg et al. 2012). Fellers {2005a)
reported that only 30 of 213 occupied California
gites had population sizes greater than zo
adults. In the Coast Ranges, population sizes of
greater than 100 adult frogs occurred at six
sites, and populations greater than 5o adult
frogs occurred at nine sites (Fellers 2c00%a).
Small population sizes are presumably due to
population declines, leading to predictions that
populations in the southern Sierra Nevada will
not be viable for more than another decade {Fel-
lers 2aosa), Minimum viahle population sizes

are unknown, however, and may vary across
the range.

Nature ond Degree of Threat

The main threats to and likely causes of Rana
boplil decline are human activities that alter
natural hydrologic regimes of streams and riv-
ecs, such as dams tor hydroelectric power gen-
eration, water storage, and water delivery. Other
potential stresgors include land use changes
that degrade or destroy riparian habitat {partic-
ularly urban and agricultural developrent),
pesticides, disease, and invasive species.

Alterations to the natural How regime, for
example, through dam releases, can have direct
moriality effects and indirect negative effects
on R, boeylii by altering habhitat availability and
quality. Kupferberg et 2l. {2009} reviewed
published literature and Federal Energy Regu-
latory Commission hydroelectric dam relicens-
ing reports to assess the effects of pulsed Aow
releases on R._ boylii. The data spanned 1gg7-
2007 and included seven major river basins in
California. Pulsed flows from dam releases
after oviposition resulted in scouring of egg
masses, while low changes during ovipositian
led to strand ing when water levels subsequently
dropped and expased egg masses. Similatly,
tadpoles can be scoured and stranded due to
pulsed-fow releases. The effect of releases on
post-metamorphic animals is less clear, and the
impact of low changes on habitat availability is
highly site specific, Reservoirs and dams may
also disrupt patterns of connectivity amang R.
boylii populations. Comparisons of penetic
structure within and among R. boylii papula-
tions in three pairs of regulated versus unregu-
lated Sierran rivers found that regulated rivers
exhibited lower penetic diversity and preater
genetic drift compared to unregulated river
populations {Peek zoro).

Kupferberg et al. [2009c) modeled R, boplif
population growth under different How sce-
narios. A major result was that populations in
regulated rivers had 4-13-feld greater extine
tion risk than populations in unregulated rivers
due to smaller population sizes. Kupferberg
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et al. {2009c) simulated how an unregulated
population would be affected by Aows more
typical of regulated rivers. When subjected tn
aseasonal flow conditions, modeled popula-
tions showed a doubling of extinction risk.
Many different kinds of hydrelogic changes can
contribute to these negative effects, and when
dilferent stressors are cornbined, the impact on
frog populations is greater than expected from
simply adding up the effects of individual
Stressors,

Field and laboratory experiments conducted
by Kupferberg etal. (2011) showed that tadpoles
suffered negative effects including death at or
below water velocities experienced during asea-
sonal pulsed Aows. For example, most tadpoles
could no longer swim or seek refuge at veloci-
ties of —z0 <m/s or greater, and in the absence
of refugia tadpoles reached exhaustion in
~7 min in a 5 cm/s current, Rates of Aow in
regulated reaches can he murh higher than
this. For example, in the North Fork Feather
River, surface velocity measured in larval rear-
ing habitat near channel edges can reach over
3o cm/s after releases for recreational purposes
[Garcia and Assaociates zoojs).

Smaller-scale hydrologic medification and
logs or degradation of riparian habitat due to
urban and agricultural use is also a threat 1o R.
Boplii, Analyses correlating R. boplii distribu-
tion with landscape characteristics demon-
strated negative effects of urban and agricul-
tural land use change and pesticides on R.
boplii presence {Davidson et al. zoa2, Davidsen
2004, Lind 200%). Vineyard conversion can
have impacts on small creeks, and the estab-
lishment of permanent ponds used for irriga-
tion and frost protection can create habitat for
bullfrogs {5, Kupferberg, pers. comm.}. Mari-
juana cultivation practices that divert water
from small creeks can lead to premature dry-
ing. Growers have been observed to construct
plastic-lined impoundments in ¢reeks and add
tertilizers directly to creek water, as well as use
pesticides and herbicides in and around frog
habitat {Gonsolin 2010). These practices are
suspected to have contributed to declines in
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some populations near Gilroy (Gonsolin 2010).
Similar impacts are likely in Humboldt, Men-
docino, and Trinity Counties {CDFG 2013). The
large-scale effects of such illegal operations are
unknown, and potentially dangerous to study.
While in-stream gravel and suction dredge gold
mining may have been more of a concernin the
past, current regulations protecting salmonids
have likely largely reduced the direct impact of
such activities on R. hoplii. For example, in
Humboldt County in-streamn gravel mining
nccurs above {in elevation) and outside the wet-
ted channel, and relatively high egg mass den-
sity has been documented in reaches where
gravel mining orcurs in the Mad River {M. van
Hattem, pers. comm.).

The current distribution of R. boylii is
strongly correlated with climate wariables,
which suggests that this species may be sensi-
tive to future climate changes, particularly
those that affect stream hydrology {reviewed in
PRBO zorr). Cemparisens of occupied and
extirpated historic localities found that sites
where R. boylii persists have higher mean
annual precipitation, less variability in precipi-
tation, and fewer dry years than extirpated sites
(Davidson et al. 2002, Lind 2005). Within the
range of R. Boylii, warming temperatures are
predicted to result in more precipitation falling
as rain instead of snow, and consequently less
storage of water as snowpack. Reductions of
30-80% in snowpack accumulation are pre-
dicted within the northwestern range of R.
boplif, and up to 9a% reduction in snowpack is
predicted for the south coast hydrologic region
{Snyder et al. 2004, Cayan et al. 2008b). In the
Sierra Nevada, snowpack losses of 50—go% are
predicted by the end of the twenty-frst century,
with preatest losses at low to mid-elevations
{Knowles and Cayan 2002, Hayhoe et al. 2004,
Knowles and Cayan 2004, Maurer 2007, Cayan
et al. 2008b). Loss of snowpack is likely to
result in earlier runoff and reduced sprinp and
summer streamiflows. Timing of spring snow-
tnelt is predicted to shift eatlier in the spring in
the Sierra Nevada {Snyder and Sloan 2005),
while in northwestern California the opposite



has occurred over the last 50 years (Stewart et
al. zo05). How frogs will respond ta these
changes in hydrology is unknown, but negative
effects due to anthropogenic changes in hydrol-
ogy are well documented. Reduction in water
availability may also lead to more conflict with
human use of water and affect how regulated
reaches are managed (reviewed in Franco et al.
2411}, [tis important 10 note, however, that pre-
dictions of changes in precipitation are much
less certain than predictions for temperature
{Franco et al. zot1, PRBO ao11). L0 addition,
climate change may alsa affect disease dynarn-
ics. Outbreaks of nonnative parasitic copepods
occurred during two recent warm years at a
long-term study site, resulting in morphclogi-
cal abnormalities and smaller sizes at meta-
morphosis {Kupferberg et al. 2z009a), The out-
break was likely caused by increased surnmer
water tempetature, decreased daily discharge,
or a combinatiou of these factors. These condi-
tions may increase under a changing climate,
but could also occur as 2 result of marijuana
cultivation.

No declines to date have been associated
with B4, but the disease does infact R. boylii in
the field. Padgett-Flohr and Hopkins (zo0g)
examined museum specimens from 18go to
zoco, and found that Bd first appeared in R.
boplii samples from the 1960s, with 10% of
specimens infected. In all, o—40% of speci-
mens were infected with Bd in the following
decades. [n laboratory trials, R, baylii appeared
to be protected by skin peptides against Bd and
therefore may not be very susceptible to chytrid-
iomycesis (Davidson et al. zoo07}. Chytrid
infection did not affect survival, even in the
presence of a co-applied pesticide, but did sup-
press growth of recently metamorphosed indi-
viduals by approximately 40% (Davidson et al.
2007].

Observational data and surveys have found
that R. boplii is rare or absent in habitats with
introduced fishes and bullfrogs {Hayes and [en-
nings 19806, Hayes and Jennings 1988, Kupfer-
berg 1997, Lind et al. 2003, Fuller 2o08).
Breeding populations of R. boylii can be an

order of mapnitude smaller when bullfrogs are
present compared to uninvaded reaches {Kup-
ferberg 1997). In field experiments in outdoer
enclosures, bullfrog tadpoles caused a 48%
reduction in survivorghip of R. boylii tadpaoles,
and a 24% decline in mass at metamorphosis.
The mechanism behind the negative impacts of
bullfrogs was competition for food {Kupferberg
1997). Metamorphosed bullfrogs prey on R.
beylii, including post-metamorphic individuals
{Crayon 19B8, Hothem et al. 200g5), but the
population-level consequences of this predation
are unclear. Another nonnative predator, the
signal crayfish (Pacifastacus leniuscudus), has
been introduced into several Sierra Nevada
drainages [rom farther north where the two
species co-occur {Wiseman et al. zoog). Signal
crayfish have been observed eating and dislodg-
ing epp masses and attacking larvae {Wiseman
et al. 2005). Within R. boylii's range, signal
crayfish have been documented at 3040 sites,
with --25 invaded sites occurring in the Sierran
focthills {G. Fellers, pers. comm.).

Status Determination
Documented declines and extirpations of Rana
boylii popuiations combined with continuing

threats to remaining populations result in a
Priority 1 designation for this species.

Management Recommendotions

Several aspects of the biology cf Rana boylii can
help inform management efforts. Raka boylii
use a variety of stream and streamside habitats
during different life stages: therefote, protected
habitat needs to provide adequate habitat diver-
sity. The timinpg and patiern of releases of watex
from dams during April through June should
be managed to minimize egg scouring and
strariding, For example, dam releases can he
staggered to betier mimic the natural spring
recession in snowmelt-fed streams. Further rec-
ommendations for hydrologic management can
be found in Kupferherg et al. {200gb, 20000},
Dam removal should be explored where appro-
priate and is likely to benefit R. beylii and other
native taxa. River management for other taxa
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neads to take R, boylii into account. For example,
in-strearn structures to improve habitat for fish
such as steelhead can negatively impact R. bopii
(Fuller and Lind 1992). Habitat restoration and
pussibly repatriation of southern Sierra Nevada
populations should be considered. Southern
populations in general should be priorities for
conservation because of the degree of losses and
distinctive genetic diversity represented in this
part of the range (Lind et al. 2011}, Removal or
management aof nonnative predators such as
fish and bullfrogs may help restore R. hoyiii
habitat. For example, projecis that remove artifi-
cial pools {e.g., relict mine tailing ponds) by
restoring linkapes to main river channels would
result in more natural hydrologic conditions and
reduce breeding habitat for bullfrogs [Fuller et
al, 20710), Finally, Lind et al. (2011} suppested
that an approach usging genetic analyses of R.
boylii and co-distributed riverine taxa would
help in prioritizing drainages for protection
based on leveis of divecsity.

Monitoring, Research, and Survey Needs

Modeling of population dynamics and hydrol-
ogy are highly site specific and limited by avail-
able demographic data, and acquiring those
additional data should be a high priority for
Rana boylii. Mcre research is needed on survi-
varship of tadpoles and juveniles, especially
during overwiniering. The mechanisms under-
lying hydmlogical effects are currently best
understaod for egg masses, and we need to
develop a better functional understanding of
how hydrology affects different life stages (Kup-
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ferberg et al. 2000b). More research is also
needed on post-metamorphic stages. Post-meta-
motphic stages may be less at risk from asea-
sonal pulses in river low because they are more
mobile, but in regulated rivers the timing of
pulsed flow events can be decoupled from cli-
matic cues {such as the first appreciable fall
rains) that would normally trigger movement to
safer refuges (Kupferberg et al. zoogb). Cau-
tion should be taken in using radio telemetry to
study post-meiamorphic animals, as 62% of
frogs in one study suffered skin injuries from
transmitters (Bourque 2008). Modeling efforts
would also be improved by monitoring a Sierra
Mevada population in an unrepulated reach for
comparison with more regulated sites {Kupfer-
berg et al. 2zoogb). Egg mass counts are com-
monly used to monitor R. bopii populations.
Females only lay one massfyear, so egg mass
counts accurately reflect the number of repro-
ductive females. However, operational sex ratios
are fernale biased; therefore, accurate popula-
tion size estimates cannot be made based on
egg counts alone {Wheeler and Welsh 2003).
Lind et al. (ac11) provided important range-
wide phylogeographic data, but their study was
limited by very low nuclear genetic diversity and
relied primarily on mitochondrial data. Addi-
tional work could provide valuable additienal
data on levels of variation and penetic isolation
among local hydrologic basins, as might be pre-
dicted for this stream-restricted anuran. Finally,
elforts to hind remnant R. beplii populations in
the San Gabriel Mountains and upper Piru
Creek in southern California should continue,









In California, this species could be confused
with the California or northern red-lepged frogs
(R. draytonii and R. aurora), both of which it
resembles in overall body shape. In adults,
R. aurorafR, draylonii have extensive mottling
on the venter with red pigrnentation on the ven-
tral thighs and grein, rather than the yellow that
often. characterizes R. cascadae (Dunlap 1955).
However, the color of the thighs is variable in R,
cascadae and may not be a reliable character to
separate these taxa (5. Barry, pers. comm.}.

Taxonaomic Relationships
This species is closely related to Rena aurara and
R. draytonii {ShafTer et al. 2004, Hillis and Wil-
cox 2005}, It was proposed as a distinct species
based on morphology (Slater 193g), and this
interpretation bas been repeatedly confirmed
with additional morphological and genetic data
{Dunlap 1955, Case 1978, Shaffer et 2l. 2004).
Based on genetic data, the species appears
to show considerable differentiation among
local populations that is consistent with an
overall isolation-by-distance model of gene flow
(Monsen and Blouin 2003, Mongen and Blouin
2004). In addition, the California pepulations
appear to be stronply diverpent in both mito-
chondrial and nuclear DNA from the ramain-
der of the species’ range in the Cascade and
Olympic mountain ranges {Monsen and Blouin
2o003). Populations of this species appear to
have consistently small effective population
sizes {«<s0; Phillipsen et al. zo11). The available
data are primarily from outside of California,
although the observed pattern is likely consist-
ent throughout the ranpe, Preliminary results
based on mitochondrial DNA, nuclear DNA,
and microsatellites suggested little divergence
between Lassen and Klamath populations in
California {Chang and Shaffer 2010), However,
more extensive work with larger range-wide
sampling is needed.

Life History

Rana cascadae breeds in the spring, soon after
etmerging from hibetnation and the spring thaw
that opens breeding pools (Nussbaum et al.

1983, Stebbins 2003}. First-tlime breeders fre-
quently disperse to new areas of suitable breed-
ing habitat {51% of first-time breeders relative to
only 7% of experienced breeders in Echo Lake
Basin; Garwood zo09), which may help to con-
nect local subpopulations into larger more stable
metapopulations. Breeding occurs at the mar-
gins of waterbodies, with oviposition often
cccurring in large aggrepations (Sype 1975,
Nussbaum etal. 1983, Garwood 2004g). Qviposi-
tinn behavior appears to be variable throughout
the species’ rmange, with some authors reporting
diurnal oviposition of largely unattached epp
masses (Briges 1087), and others noting that
most egp masses are deposited at night and are
attached to vegetation (Nussbaum et al. 1983;
K. Pope, pers. comm.}. Breeding at individual
sites is relatively synchronous and occurs over a
few days, although the timing of breeding across
the ranpe can vary widely with local weather
conditions and elevation (Briggs 1987, Garwood
2009). Embryo development can occur at tem-
peratures ranging from 6°C to 27°C (Sype 1975,
Nussbaum et al. 1983). After hatching, larvae
sometimes aggregate into dense clusters {gener-
ally fewer than 40 individuals) composed prima-
rily of siblings (O'Hara and Blaustein 1981,
O'Hara and Blaustein 1985, Blaustein and
O'Hara 1987) and choose higher water tempera-
ture than those required during embryo devel-
opment {up to ~28°C; Wollmuth et al, 1987,
Bancroft et al. 2008). After metamorphosis,
lower water temperatures are again preferred.

Rina cascadae appears to be largely diurnal,
The diet of adult frogs is genmeralized and
includes a wide variety of arthropods, as is the
case for most other California ranids (Joseph et
al. zom1). An analysis of stomach contents for
a7 frogs documented the presence of 110
invertebrate taxa {Larson 2012). Frops across all
size classes generally avoided small prey items
<4 mm), and larger frogs more strongly pre-
ferred large prey items {Larson 2012).

Habitat Requirements
Rara cascadae utilizes a wide variety of aquatic
habitats, including temporary and permanent
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ponds. lakes, marshes, and streamns, as well as
adjacent vepetated lerrestrial habitat (Nussbaum
etal. 1983, Jennings and Hayes 19g4a, Slebbins
2001, Pear] and Adams 2005, Garwood 2009).
The species will also use wet meadows {often
those that have formed from old sphaghum
bogs) and can occasionally be found a iarge dis-
tance from water (Nussbaum et al. 1983). They
require water yearround at all life stages and
cannaot tolerate habitats that freeze solid in the
winter (K. Pope, pers. comm.), Montane lentic
habitat is required for breeding and overwinter-
inp, with small, shallow, spring-fed ponds serv-
ing as the primary breeding habitat {Garwood
2009). Populations appear to be sustained by a
matrix of varying habitat types that individual
frogs disperse among throughout the year {Gar-
waod and Welsh 2007, Garwood 200g), sug-
gesting that habitat conservation needs ta con-
sider spatial scales larger than single lakes {or
other patches of habitat). The presence of preda-
ceous fish may limit their distribution {Welsh et
al. 2000, Pope et al. 2008), although this alone
cannot explain the broadscale pattern of popula-
tion declines in this spacies {Fellers et al. 2008;
also see the “Mature and Degree of Threat” sec-
tion below].

Distribution {Past and Presert)

In California, Rana cascadae occurs in two
population segments. One is in the Lassen area
and the extreme northern end of the Sierra
Mevada {Lassen, Plumas, Shasta, and Tehama
Counties) and is now nearly extirpated. The
other occurs in the Trinity Alps and Siskiyou
Mountaing region, The species’ range in Cali-
fornia extends from Siskiyou County south to
the northern end of Butte County. Qutside of
California, the range of R. cascadae follows the
Cascade Range nearly to the United States—
Canadian border, with another disjunct popula-
tion at high elevations on the Olympic Penin-
sula (Stebbins 2003).

Trends in Abundarce

Populations af this frog have declined strongly
in the Lassen area, where nearly all known
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populations have disappeared in the last 30
years {Fellers and Drost 1993, Jennings and
Hayes 14g94a}. More recent surveys in the Las-
sen region further confirm these declines.
Rana crscadae was found at only 6 of 856 sites
surveyed over 14 years, population sizes were
small, and breeding was limited at these G sites
{Feilers et al. zoo8). Populations elsewhere,
including the Klamath Mountains region in
Sigkiyou and Trinity Counties, are also frap-
mented, generally small, and at risk, although
they are more intact overal! than in the Lassen
area {K. Pope, pers. comm.}. Localized declines
bave also been detected elsewhere in the range
(Peail and Adarmns 2004, Fellers et al. 2008,
Piovia-Scott et al. ac1t). Welsh et al. {2c006)
found R. cascadae to be the most common
anuran in the Klamath region, By contrast,
mmore recent and ongoing surveys of eight popu-
lations in the Trinity Alps within the Klamath
region find that only one of the populations is
large and rabust and that some of the threats
present in the Lassen region are likely also
aperating there {K. Pope, pers. comm.}). Pope
and Larson {2013) report 11 remaining popula-
tions in the Lassen area and find that the
number of young frogs was low at all sites that
they surveyed.

MNaturz and Degree of Threat

Threats to this species appear to be complex
and derived from muliiple stressors, The lazg-
est factor contributing to declines in the Lassen
region appears to be overzll low recruitment
due to changing hydrological conditions that
lead to detrimentally hiph water temperatures
and desiccation of egg masses and tadpoles, as
well as impacts from Bd among subadult frogs
{Pope et al. 2011). Extensive mark-recapture
surveys in the Lassen region between 2008 and
zo10 indicate widespread desiccation of egg
masses and tadpoles and a lack of metamerphs
relative to more stable populations in the
Klamath area (Pope et al. zo11, Pope and Lar-
son 2013). [n comparisons between two of the
remaining Lassen populations, the population
with higher Bd prevalence and load in adult and



subadult frogs had lower survivarship for these
two age classes. In bhoth Lassen and the
Klamath Ranges, subadult fregs had higher Bd
prevalence and load than adult frogs, and the
prevalence of Bd increased throughout the
active season for subadult frogs but not for adult
frogs. These results are consistent with previ-
ous studies of Bd in this species that suggest
the pathggen has differential impacls depend-
ing on age class. Blaustein et al. {zoo5) exam-
ined the effect of Bd on larvae and found an
increased incidence of mouthpart abnormali-
tles but ne effect on mortality or behavior. Gar-
cia et al, {zoo6), however, found significant
mortality in new metamorphs of Rang cascadae
due to Bd.

Interestingly, Ad also appears to be wide-
spread in the Klarnath region where this spe-
cieg is currently much more stable than in the
Lassen region (Piovia-Scott et al. zor1), sug-
gesting mote than one factor is playing a le in
the declines. Ongoing characterization cof Bd
prevalence in these populations rould help
determine what factors are involved. although
one hypothesis is that Bd achieves higher loads
on frogs in declining populations than stable
populations {]. Piovia-Scott, pers, comm.].
Infection by the water mold Saprolegnia has
alsn been implicated in R. cascadae declines,
This pathogen is known to increase mortality
in embryes, larvae, and metamorphs (Kiesecker
and Blaustein 1999, Romansic et al, zooga)
and may have strong impacts on the outcome of
cormpetition between R. cascadac and sympatric
Pseudzcris regifle (Kiesecker and Blaustein
1599)-

Habitat loss and modification is also a threat
to continued persistence of populations in both
the Klamath and Lassen regions. The species is
highly associated with meadows. which have
been impacted by cattle grazing, tree encroach-
ment due to lack of wildfire, and chanping
hydrology associated with changes in the snow-
pack (K. Pope, pers. commm.; Pope et al. zo14).

Other possible contributors to R, cascadre
declines that have been proposed include intro-
duced fshes, environmental confaminants,

pathogens, and UV-B radiation. The presence
of introduced trout appears to be inversely
related to the distribution of R. cascadae {Welsh
et al. 2006} and almost cerlainly impacts some
populations. Aside from direct predation, intro-
duced trout may aflect R, cascadae indivectly by
supporting higher populations of the aquatic
garter snake (7. atratus), a predator on both
trout and R, cascadas {Garwood and Welsh
2007, Pope et al. 2008}, and by preemptive
competition for aquatic prey (Joseph et al.
2011y, However, trout have been present in the
Lassen region for nearly a century and are also
widely distributed in other areas where R, cas-
cadae persists, making it unlikely that they
alene can explain the declines aver the last 30
years (Fellers et al. 2008}. Nevertheless, popu-
lations appear to respond favorably to trout
rermoval, showing marked increases in popula-
tion size and recruitment following fish
rernoval {Pope zoo8).

Pesticide use is inversely carrelated with the
presence of R. cascadae (Davidson 2004). In
parsicular, downwind transport of pesticides
from intenaively farmed areag in the Central
Valley appears to be correlated with declines in
several species of ranid frogs, including R, cas-
cedae (Davidson et al. 2002, Davidson 2004).
This hypothesis is attractive in that it explains
the differential declines between the Trinity
Alps region and the Lassen region because the
Lassen region is directly downwind of aceas
that experience heavy agricultural use, whereas
the Trinity Alps are not {Davidson et al. a002).
However, recent field measurements of con-
taminant residues in sediment and in R. casca-
dae and P, regilla tissue do not indicate higher
levels in the Lassen compared to the Trinity
Alps region, atleast for the handtul of ditferent
chemicals that have been analyzed to date, call-
ing thiz hypothesis inte question {Davidson et
al. zo1z2). In addition, Sparling et al. (zooI)
measurad the presence of cholinesterase levels
in the non-declining P. regilia as a measure of
the extent of pesticides that are locally depos-
ited in an area and found strong effects in the
Sierra Nevada but not in the Lassen area; these
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resulis seem to indicate that pesticides may not
be a major factor in the Lassen R, cascadae
declines. Environmental contaminants at sub-
lethal levels have also been shown te induce
behavioral and morphological changes in R.
tescadae (Marco and Blaustein 1999), suggest-
ing that low-level agricultural residues may
have impertant biclogical consequences. In
summary, it appears that pesticides may be
playing some mle in R. cascadae declines in the
Lassen region, but they are certainly nat the
entire story.

Finally, UV-B radiation may play a role, pos-
sibly in combination with other factors, in caus-
ing declines. Some studies have documented
larval mortality and retinal damage due to
UV-B, although the eflect depends strengly on
the intensity of UY-B, the duration of exposure,
and possibly other factors ineluding the pres-
ence of competitars, predators, or supplemen-
tary food {Fite et al. 1998, Hatch and Blaustein
200, Belden et al. 2003, Garcia et al. 2000,
Romansic et al. 2zo09b). The importance of
these results has not yet been demonstrated in
naturai gettings, however. Palen et al. {2002)
found that dissolved organic matter in natural
environments provided protection from UV-I
at Bg% of the sites examined for R. cascadae.
Thus, it remains possible that UV-B is having
an effect, although its importance in nature
remaing unclear.

Ultimately, it is likely that no one factor is
solely responsible for the precipitous declines
in Lassen region R. cascadae populations. Fur-
ther, the causes of the initial range-wide
declines may be distinet from the local factors
that threaten the continued persistence of the
few remaining populations. The most recent
work suggests that the major factors playing a
role in the range-wide declines are the presence
of introduced fishes and Bd, while continued
local persistence of the remaining populations
is also threatened by low recruitment stem-
ming from desiccation and detrimentally high
water temperatures. Pope et al. (2014) present a
recent and comprehensive review of both
regional and local-scale threats to R. cascedae
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throughout the range. The evidence that synet-
gistic effects occur between several alternative
mechanisms of decline is now widespread for a
variety of amphibian species {Fellets et zal.
2008). As declines have nccurred, whalever the
cause, it is likely that a breakdown of metapop-
ulation dynamics will contribute to further
declines as existing populations become more
and more fragmented, decreasing the opportu-
nity for population rescue via recolonization.

Status Determination

The catastrophic declines in the Lasgen arez are
the primary reason for the 38C designation.
Rani ezscndae is nearly exticpated in the Lagsen
region, is undergoing local population declines
elsewhere in its Tange, and appears to be sus-
ceptible 10 a wide range of threats. However,
this frag is a moderate ecological specialist that
appears to he relatively stable through much of
its range, including a significant fraction of its
range in California. The factors that caused
declines in the Lassen area appear to not have
operated in the Klamath area to date, leading us
to project moderate future impacts on extant
populations and a Priority 2 status. If strong
declines begin to nccur in the Klamath area,
then a higher priority status will rapidly become
justifiable,

Management Recommendations

Fellers et al. {2008), Pope et al. {2011, 2014},
and Pope and Larson {2o013) provide thorough
reviews of threats to, and management tecom-
mendations for, Rena cascedae, and our recom-
mendations largely follow those of these
authors.

Habitat that supports this species in the Las-
sen area should be protected from meodification
that nepatively impacts hydrology while further
research is carried out. Pope et al. (zor1) began
some habitat restoration measures, and these
efforts should be continued (coupled with
ongoing monitoring te determine their effects).
Fish removal in key populations has also been
documented to increase recruitment and
should be considered as a management strat-



egy. particularly in the Klamath where a larger
nummber of existing populations might be stabi-
lized before declines can accur. Fope 2t al.
(zo11) also proposed experimental treatment
for Bdin newly metamorphosed frogs. Effective
treatmenis for Bd may be essential for the long-
term survival of many amphibian species, so
these efforts should be further explored and
potentially implemented if they are successful.
At the same time, a captive colony of Lassen-
area R. coscadoe should be established, as the
prospects for long-term survival in the wild
appears to be low. If additional research can
determine the causes of the declines and eflec-
tive mitigation measures can be enacted, this
captive population could eventually form the
basis of a reintroduction program.

Monitoring, Research, and Survey Needs

Monitoring efforts should focus on the few
remaining Lassen papulations, with additional
monitoring of stable populations elsewhere in
the range as reference populations. Areas that
have undergone habitat restoration or experi-
mental treatments for Bd infection will require
angoing monitoring to quantify the long-term

effects of these efforts and to inform further
work aimed at controlling the impact of these
threats. If additional declines occur, this moni-
toring will facilitate early detection and, hope-
fully, provide the background data needed to
understand the causes of declines.

Asg a reintroduction effort may eventually
become necessary, it is important to further
characterize the extent of intraspecific varia-
tion within this taxon now, before additicnal
declines accur. Preliminary genetic work has
been initiated, and it should form the basis of
additional work that examines fine-scale papu-
lation differentiation and structure. The obvi-
ous initial focus of such genetic work should be
ta assess the validity of the Lassen and Klamath
Tegions as separate evolutivnary units requir-
ing their own management strategies. This
work will also help to identify any potential
population sepments within either region that
may qualify for independent management.
Finally, additional studies that quantify the
interactive affects among different causes of
declines would be useful in providing a more
complete picture of conservation threats in this
taxon,
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from extensive to absent (5. Barry, pets.
comm.}. The advertisement call is a series of
low gutiural chucks sometimes followed by a
low groan (Elliott et al. zoog).

This species could be confused with the
northern red-legped frog (R. awrera) where
their ranges meet in southern Mendocine
County {Shaller et al. zo04). Harg aurora is
about 3.5-4.0 cm (SVL) smaller than R. dreylo-
nii, generally lacks light areas in the cernters of
dorsal bloiches, has preportionally smaller
eyes, and lacks vocal sacs (Baird and Girard
18352, Hayes and Krempels 1986, Stebbins
Z0D0D3).

Taxonomic Relationships

Rang draytonii was initially described as a dis-
tinct species, although the original description
notes that it is sirnilar in appearance to R.
aurora (Baird and Girard 852). Subsequent o
the original description, Camp (1917} reclassi-
fied the twe red-legged frogs as subspecies of a
polytypic R. aurora. This arrangement per-
sisted, occasionally also including the Cascades
freg (R. cascadag) as a third subspecies, until
the mid-198os, At this time, a series of studies
emerged suggesting that a substantial amount
of differentiation between the two forms was
present in allozymes, morpholegy, calling
behavior, and oviposition behavior, leading sev-
eral authors to suggest that they may be distinct
lineages with a broad zone of contact (Hayes
and Miyamoto 1984, Green 1986a, Green
1986b, Hayes and Kremples 1986). Subsequent
analyses of mitochondrial DNA variation sup-
ported this view but characterized a narrow
zone of contact in southern Mendocine County
{Shaffer et al. 2004). Based on bath DNA and
moarphological differentiation, Shatfer et al.
{2004) suggested that the two be recognized as
distinct species, and since then R. draylonii has
increasingly been recognized as a species dis-
tinct from both R. aurere and R, cascadae.

Life History
Few data are available on seasonal activity pat-
terns, but coastal populations are probably
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active throughout much of the year due to the
maderating effect that the Pacibhic Ccean has on
temperature. The timing of reproduction varies
from year to year and according to site but
occurs from late November te late April (Storer
1925, Fellers 2005b). Breeding occurs in the
watet, and eggs are attached to emergent vege-
tation {in clusters of 300 to >q4o000; Storer 1925,
Hayes and Mivamoto 1984). Hatching occurs
in 5—14 days depending on water temperature,
after which larvae metamorphose in 3.5-7
months (Storer 1925, Wright and Wright 1940},
Larvae are known ta overwinter at several sites,
metamorphosing the following spring (Fellers
etal. zoor1). Rana draptonii is a generalist pred-
ator that feeds predominantly on invertebrates
but has alsa been documented to take verte-
brate prey including Pacific treefrogs ( Pseudgc-
ris regills), western toads {Bufo boreas}, and
California mice { Peramyscus californicus) {Hayes
and Tennant 1985, Arnold and Halliday 1986,
USFWS3 200z, Davidson 2010). The prey types
taken appear to be determined by the size of the
frogs, with individual frogs taking most prey
types that they can successfully swallow {Jen-
nings and Hayes 1994a) and large frogs taking
proportionally more vertebrate prey than small
ones. Kaldwin and Stanford (1987) reported a
large adult preying upon California tiger sala-
mander {Ambypstoma californiense)} larvae. Rana
draytonii feed both in the water and by foraging
in dense riparian vegetation. Rena draytonii is
active both diurnally and nocturnally, although
adults are penerally more active at night (Hayes
and Tennant 1985; G. Fellers, pers. comm.).
Wading birds, raccoons, and garter snakes
{Thamnophis sirtelis and T. hammondii) are
important native predators on this species
{Cunningham 1959b, [ennings and Hayes
1994a). Nonnative fishes are also impertant
predators on larvae and recent metamoerphs
{Schmieder and Nauman 1994, USFWS 19g94).

Hakitat Requirermnenis

Ranag draytonii chielly inhabits ponds, although
it also uses marshes, streams, lagoons, and
other waterways throughout most of its range.



In southern California {from Yentura County
southward) it seems to favor slow-flowing
strearns rather than ponds or ponls. Breeding
takes place primarily in ponds (at least in cen-
tral and northern California) and less fre-
quently in quiet pools in streams {Stebbins
2003, Fellers 2005b). This species will also uti-
lize ephemeral water bodies for breeding,
although nearby permanent water is probably
required to maintain populations aver the long
term (Jennings 1988a). After breeding, adults
often disperse along nearby shaded streams.
Similar to R, boylti, whose vulnerable early life
stages [embryos and tadpoles) are susceptible
tn ill-timed flow fluctuations controlled by
upstream dams and diversions, R. draytonii
populations breeding in stream habitats suffer
from decreased recruitment after anthropo-
genic perturbation of natural How repimes (3.
Kupferberg, pers. comnm.}.

Cptimal aquatic habitat has traditionally
been thought to include dense riparian vegeta-
tion averhanging deep (>o.7 m} slow-maoving
pools {Hayes and Jennings 1988). More recent
worlk has documented an additional, more com-
plex relationship between aquatic vegetation
and introduced bullfrogs. D’Amore et al,
(2009} documented that R. draytonii spend
more time in vegetative cover when bullfrogs
are present and rmore time in the open when
bulllrogs are removed [rom ponds, suppesting
that the optimal ameunt of vegetation is sorne-
what context-dependent for R. draytonii, 1n
addition, surveys of B5 ponds occupied by R.
draytonii in the East Bay Regional Park District
showed that there were no significant differ-
ences in aduli frog density among ponds with
0%, =15%, ot »15% ernergent vegetation, but
tadpoles and metamorphs were more abundant
in the most open ponds {Bobzien and Dilo-
nato 2007). Outside of the breeding season
when conditions are wet, and especially during
rainfall, adult [rogs will disperse from the
breeding habitat and will move to upland sites,
where they are often found under logs, rocks,
and other debris (USFW3S zooz, Bulger et al.
2003, Fellers and Kleeman zoo7). At some

sites, populations appear to consist of both
migratory (11 22% of the adult population)
frogs that move zo00—2800 m and resident
frogs that remain at the breeding site {Bulger et
al. 2003}). Fellers and Kleeman {2047} found
that adult female frops were more frequently
migratory than males, although migration
behavior did not differ between the sexes
arnong those individuals that did migrate.

Distribution (Past and Present)

Histarically, Rana draytonii ranged throughout
the Sierra Nevada foothills and the Coast Range
mountains south of Elk Creek in southern
Mendocinoe County, California, southward to
the Arroyo Santo Domingo, Haja California
Norte, Mexico (Hayes and Krempels 1980, Jen-
nings and Hayes 1994a, Grismer zooa, Shafler
et al. zoo4}. In California, this taxon histori-
cally ranged through at least 46 counties, but it
is now apparently extirpated from 24 of these
(USFWS 19906). It is unclear whether reproduc-
tive populations of R. draytonii were present in
most of the Central Valley, and it is passible
that the few valley records represent wails
washed downstream from Sierran populations
(G. Fellers, pers. comm,; 5, Barry, pers.
comm.}. If they were present in the Central Val-
ley. they were extirpated before 1060, Popula-
tions in the Sierra Nevada may have been con.
nected to the largest remaining populations of
the species in the Coast Ranges through the
lower Cascade and Tehachapi Ranges {S. Barry.
pers. comm.), but today they are isolated
{USFWS 2o02). A recent comprehensive sur-
vey of museum specimens and historical
records identified z1 historical localities for this
species in the Sierra Nevada. Follow-up surveys
at zo of these 21 sites found that the species
persists in larpe numbers in at least 1 site, there
are populations at 6 additional sites, and at least
a single individual documented at 3 mote sites
{Barry and Fellers ao13).

Strong overall declines have clearly occurred
across most of the larpe range of this species,
particularly in the southern portion of the
range. In the Bay Area and Coast Ranges,
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populations are more robust, although severe
localized declines have been documented
{reviewed in USFWS 2002). In southern Cali-
fornia, R. draytonii has declined drastically
through the Transverse and Peninsular Ranges,
and very few populations now persist in Los
Angeles, Riverside, and Ventura Counties
{(USFWS zooz, and references therein). One
population is known from Sania Cruz Island,
althouph this apparently is an intreduction
{Sweet and Leviton 1983, Jennings 1988b). The
known elevational range of R. draylomi occurs
from near sea level to 1500 m, although most
populations occur below o050 m {USFWS zooa,
Barry and Fellers 20r3). Some higher-elevation
populations may be introductions (unpublished
data reported in Jennings and Hayes 1994a).

Trends in Abundadce

Drastic and ongoing declines have been docu-
mented throughaut parts of this species’ range.
Many of these declines have resulted in extirpa-
tion of populations, and in many areas where
this taxon persists, declines in abundance have
occutrred. Food market collection in the late
18oos apparently drove much of the initial
declines {Jennings and Hayes 1985). By 187¢9,
the species had already become rare around
San Francisco due to the market trade (Lock-
ingtan 1879}, Population trends of the species
in the Sierra Mevada foothills are somewhat
unclear, since several new, large (>100 breed-
ing adults) popylations have recently been dis-
covered {e.g.. in Placer County). However, in
gsouthern California, population densities are
uniformly low (<25 adults frops) and generally
declining {UUSEWS 2002). The gole remaining
population known in Riverside County at the
Santa Rosa Plateau, which was at least some-
what genetically distinctive (Shaffer et al.
2004), is now extirpated.

Noture and Degree of Thren?

The largest threat facing Rana draytonii is prob-
ahly hahitat loss and alteration, resulting from
urbanization and agriculture. The large-scale
conversion of habitat to apricultural uses has
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also resulted in an increase in pesticide expo-
sure, which may have strong negative imnpacts
on this species (Davidson et al. 2002). This
effect is particularly strong for cholinestarase-
inhibiting pesticides (Davidson 2004},
although the species still persists in seme heay-
ily agricultural settings in Monterey and Santa
Cruz Counties, Additional and ongoing frag-
mentation of habitats, conversion of wetlands to
other uses, and muodifications to the hydrology
of wetlands also likely have detrimental
impacts.

The eflect of intreduced species, in particu-
lar bullfrogs, has been studied both empirically
{Movyle 1973) and from a modeling perspective
{Doubledee et al. 2003}. There is a strong over-
all negative impact of bullfrogs on native R.
draytonii, although coexistence of the two spe-
cies can occur in nature. Human-modified
aguatic and tercestrial habitats in central Cali-
fornia (Elkhorn Slough, Monterey County] favar
introduced bullfrogs compared 1o native R. dray-
tonii (D'Amore et al. zo103. The bullfrog is also
a strong competitor with, and predator on, rnul-
tiple life stages of R, draytonii. In addition, cray-
fish, mosquitofish {Lawler et al. 1999], and
other introduced predaceous hishes likely have
negative impacts on this species, although this
also needs further study {Hayes and Jennings
1986, Fisher and Shaffer 1996, Fellers 2coshy).

Chytrid fungus {Bd) is known to have
caused serious declines in many amphibian
species and has been detected in R. druytonii in
nature, However, the direct impact Bd hason R.
draytonii appears to be relatively slight. In a
laboratory setting, R. draptonii is susceptible to
chytrid infection, but frogs can clear their infec-
tions, do not die from the infection, and suffer
no growth consequences when they have access
to unlimited food (Padgett-Flohr zoo8). [n
nature, across a landscape of ponds where Bd
presence and absence fluctuated between wet
and dry years, R, draytonii were penerally unin-
tected and found to be significantly associated
with uninfected ponds {Padgett-Flohr 2010}.

Predicted climate change over much of Cali-
fornia will affect R. draytonii, as well as most



other pond- and stream-breeding amphibians.
In particular, warmer average ternperatures,
generally reduced levels of precipitation, and
increased variability in the timing of rainfall
are all predicied to occur (PRBO zorr). While
the precise effects of these shifis will vary
regionaily and at the watershed level, the per-
manence and reliability of breeding sites are
generally predicted to decrease under climate
change predictions.

Status Determination

Rang draytonii automatically qualifies as a Spe-
cies of Special Concern because it is listed
under the federal but not state Endangered Spe-
cies Act, However, sharp declines in both range
and abundance, coupled with a variety of onpo-
ing threals 1o long-tertn survival, also combine
to warrant a Priority 1 Species of Special Con-
cern status,

Meragement Recommendations

Management of Ranw drayionii should mirror
the guidelines in the USFWS recovery plan for
this taxon {USFWS 2001). As further manage-
ment needs are defined and existing manage-
ment strategies are refined {through §-year
reviews or other avernues), state-level manage-
ment should be adjusted accordingly.

The most imporlant management needs for
this taxon currently are the protection of habitat
that supports the species, reduced pesticide
exposure, and elimination of nonnative preda-
tors. Land conversion and additional fragmen-
tation should be avoided wherever possible, and
adequate, complex upland habitat should be
available in order o allow migration o accur
naturally. Fellers and Kleemnan (2007) found
that the median distance of movement away
fromn breeding ponds was 150 m and that there
were some long-distance movements up ta
1400 m. Unpublished radiotelemetry observa-
tions from the East Bay Regional Park District
(5. Kupferberg, pers. comm.) demonstrated
that ground squirrel burrow density, some-
times more than 100 m from the aquatic habi-
tat, was also a key component of habitat quality.

Taken together, these studies indicate that large
tracts of terrestrial habitat are important (to
accommodate both short and long-distance
dispersal) and that a healthy population of
ground squirrels {and possibly other burrowing
radents) may be essential for long-term popula-
tion viability.

Finally, pesticide use should be curtailed in
areas where this species occurs, including
areas upwind where pesticides are likely 1o be
blown into areas that support this species.
Unpublished data from the East Bay Regional
Park District {S. Kupferberg, pers. comm.) indi-
cate that cattle-grazing does not appear to nega-
tively impact this species.

Monitoring, Research, and Survey Needs

Further research is needed Lo determine what
the precise impacts many of these threats iden-
tified above are having on Rarna draytenii. Sur-
veys of private land in the Sierra Nevada are
slowly revealing the presence of extant popula-
tions that were previously missed (5. Harry,
pers. comm.), suggesting that this may be a
fruitful strategy elsewhere in the range as well.
Managers should partner with private land-
owners to gain access and survey for remaining
populations of this species in areas where it has
previously been thought ko be extirpated, and
these populations, which may be very small in
size, should be monitored regulatly.

Finally, the only range-wide genetic analysis
of the species thus far conducted was baged
purely on mitochondrial DNA {Shaffer et al.
2004), and supporting data from a larpe set of
nuclear DNA markers is badly needed. In par-
ticular, the potential genetic break between
populations north and south of Santa Barbara
County, and the genetic affinities of remnant
populations from southern California and Baja
California, Mexico, will form an important part
of future management.

Additional monitoring, research, and survey
needs are covered in depth in the USFWS
recovery plan for this taxon. We refer the reader
to this document for more information
(USFWS zooa).
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{R. yavapaicnsis) and the Rio Grande leopard
frog {R. berlandieri), have dorsolateral folds that
are discontinuous and angle inward posteriorly.
[n addition, both are yellow ventrally. The Cas-
cades frog (R. cescadae) has more numerous,
small, irregular black dots that are not ringed
in white,

Taxonomic Relationships

The taxonomic history of the leopard frog spe-
cies complex, and Rana pipiens in particular, is
complicated (Hillis 1988} and remains incom-
pletely understood. The name R. pipiers previ-
ously included all members of the leopard frog
cormplex from Canada south to Patiama, includ-
ing R. yavapgriensis, also native in California,
and the introduced R. berlandieri. However,
this concept of a single wide-ranging leopard
frog species changed in the last several dec-
ades, and over a dozen species are recognized at
present. The current taxonomy of the R. piplens
complex was initially based on variation in
morphology and vocalizations {Pace 1974).
Subsequent work including molecular analyses
recognized several additional taxa and clarified
relationships among the contained species
(Platz and Mecham rg79. Hillis et al. 1983,
Plarz and Frost 1984, reviewed hy Hillis 188}

Frost et al. {zo06a) recommended placing
this species and many other Morth American
ranids in the genus Lithabates, although this
proposal and the analyses that support it are
controversial (Crother 20009, Frostetal. 20093,
Pauly et al. 200¢). We retain the traditional tax-
onomy here to maintain stability pending fur-
ther analyses.

Life History

No life history data for California populations
have beeu published. Because Rana pipiens in
California are a mixture of introduced and pre-
sumably native populations (see the “Distribu-
tion” section) and live on the extreme western
edpe of the species’ range, we are reluctant to
use information from more easterly popula-
tions as a proxy for those that occur in Califor-
nia. In Colorado, breeding occurs during the
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hrst gpring nights that have relatively “mild”
ternperatures near o above freezing {Corn and
Livo 1989}, and this presumably is alzo the case
in California. Tadpoles are present through the
summer months and are not known to over-
winter, suggesting a late summer or fall meta-
morphosis. Further east, adults and juveniles
are known to range far from water and breed-
ing sites {Dole 1971), although it is unknown if
this also characterizes California populations.
Range-wide, R. pipiens is a generalist predator,
feeding on a wide variety of arthrepods and
small vertebrates (Knowlton 1944, Linzey 1967,
Harding 1997). and this presumably alsc char-
acterizes the species in California.

Habitat Requirements

Despite the paucity of records from California,
this species is known from a variety of habitats,
including small streams, rivers, and lakes
{Storer 1925, Stebbins 1951, Jennings and Hayes
1904a). Rana pipiens occupies & wide variety of
habitat types throughout its range, so we are
hesitant to speculate on microhabilat require-
ments in California. Generally, the species
hibernates underwater and requires aquatic
habitats that do not freeze solid during winter
(Emery et al. 1972, Licht 19g1), and this pre-
sumably is also the case for California popula-
tiens. Nearby damp upland habilat is utilized
for foraging during the active season {Dole
1907). The species has been fnund in a variety
of open grassy areas and meadows, although
heavily grazed areas and cultivated hields do not
appear to be suitable (Pope et al, 2000). In the
Midwestern United States, the presence of
guality upland foraging habitat seems to affect
the abundance of this species. When prass-
lands were restored around suitable pond-
breeding habitat, the density of frogs increased
markedly (K. Mierzwa, pers. comm,, in Pope et
al. 2000).

Distribution (Past and Present)

Outside of California, Rana pipiens ranges
widely across North America, from Nova Scotia
and Newfoundland, Canada, west to Washing-



ton and Mevada. In California, R. pipiens popu-
lations that may be native are known from
Modor and Siskiyou Counties, the Lake Tahoe
basin, and the upper Owens Valley (Jennings
and Fuller 2004), although some workers ques-
tion whether the latter two regions constitute
natural, as opposed to purely introduced, popu-
lations (5. Barry, pers. comm.). Numerous
introductions have occurred throughout the
state, including some within the putative native
range. The vicinity of Fallen Leaf Lake in the
Lake Tahoe Basin is one such example {Bryant
1917). It is also possible that putatively native
papulations of this frog are all the result of
human introductions, and determining their
status is an important research prierity. The
upper Owens Valley supports tiger salamander
populations that were recently shown to be
inttoduced {Johnson et al. 2010}, demonstrat-
itlg that similarly distributed nonnative species
have been established in this region. The tiger
salamander introductions occurred as & conse-
quence of the fishbait industry {Riley et al.
z003), which also sametimes sells leopard frog
tadpoles and adults,

We are not aware of any additional recent
records in California beyond those reported by
Jennings and Hayes (1994a), though an unver-
ified sight record of'a "spotted frog” in Surprise
Valley, Modoc County, California, could have
been R. pipiens. However, the circumstances
and description of this frog make it more likely
that it was R. pretiosa, another California Spe-
cies of Special Concern {see that species
account for additional informatian).

Trends in Abundance

Trends in abundance for California papulatinns
of Rena pipiens are difficult w interpret becanse
of the uncertainty regarding which populations
are native aor intfroduced. However, assuming that
historical California populations are native,
severe declines have clearly occurred. We are
aware of only scattered sight records for the spe-
cies over the last two decades. Jennings and
Hayes {1994a) reported two relatively recent
sight records in the early 19gos from Siskiyou

and I[nyo Counties, Macey and Papenfuss
(199ra) reported that leopard frogs occurred on
the east side of the White Mountains below
Boundary Peak, thaugh they failed to detect the
species in follow-up surveys (T. Papenfuss, pers.
comm.}. More recent surveys of historical locali-
ties in the Owens River also did not detect this
species and found that much of the habitat cur-
rently appears to be unsuitable (Becker and
Henderson zaic). We are not aware of any pre-
sumed-native populations of this species occur
ring in the state since these records. Elsewhere in
its range, R. pipiens has undergone severe
declines and localized extirpations, particularly
in the western parts of the United States
{reviewed by Rorabaugh zoos).

Nature and Degree of Threat

Habitat modification is probably the most
important threat for Rana pipiens in California,
Rana pipiens forages in upland habitat having
moderately tall vegetation with a moist sub-
strate. Livestock grazing in these habitats tends
to reduce vegetation height, which leads to dry-
ing of the substrate, apparently rendering this
habitat unsuitable for the fropg. It is likely that
this process contributed te the declines
observed in both the Owens Valley and the
Modoc Plateau areas where moast California
records for R. pipiens are concentrated. Chang-
ing hydiology elsewhere in the range has led to
the extirpation of some local populations {Cern
and Fogleman tgB4). Given that California
populations are at the western range limit of
the species, projected climate changes may
have a strong effect in the stale. Current mod-
els project warmer summer and winter tem-
peratures, decreases of 8-21% of annual pre-
cipitation, and a 34% decrease in snowpack
(FREO zo011). Taken together, these climate
projections indicate that the moist soil and wet-
land complexes favored by this species will
prabably decrease in the Great Basin of Califor-
nig, further reducing the already sparse habitat
far this species,

Some studies have detected sipnificant neg-
ative impacts from pesticides on R. pipiens,
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although the importance of this threat in
nature is not well understood. 1n other parls of
their range, R. pipiens are known to be senaitive
to herbicides and pesticides used in agriculhure
(Relyea 2008, Relyea and Jones 2009}, and
mixtures of these chemicals can result in gg%
mortality rates [Relyea z008). However, the
evidence on this topic is complex and depend-
ent on the specific chemicals tested. A popular
herbicide consisting of a mixture of glyphosate
and POEA {commeonly marketed under the
commercial name Roundup®) ig one such
example. Some studies have found limited
impacts from these chemicals and concluded
that direct mortality in wild populations from
this herbicide is unlikely (e.g.. Wojtaszek et al.
2004), while other studies have found very
strong direct lethal effects (e_g., Relyea 2005h).
When direct lethal effects were not found, sev-
eral studies demonstrated that chemical con-
taminants can have lethal impacts when com-
bined with other stressors {e.g., predator cues;
Relyea zoosa) or sublethal detrimental effects
such as decreased immune system functional-
ity (Christin et al. 2001, Gilbertson et al. 2003,
Rohr et al. 2o008). These seemingly unpredict-
able effects of agrochemicals may depend on
specific populations and conditions in a local
area {Relyea 2005b). Although these results are
both complex and sometimes cantradictnry,
substantial evidence exists that environmental
contaminants are likely to have significant
impacts on R. pipiens and other amphibians in
California {e.g.. Davidson etal. 2003, Davidson
zo0aq).

Other potential threats 1o R. pipiens include
intraduced exotic bullfrogs and predatory fishes,
and extensive habitat medification associated
with agriculture (Hayes and Jennings 1986,

Status Determination

Rana pipiens’ small range in California coupled
with severe declines drives the high score for
this species. None of these threats are currently
being reversed, so it i1s reasonable to expect
additional declines in the future, assuming that
nailve populations still exist in Califoruia.
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Rana pipiens is sensitive to localized extirpation
due to drought (Corn and Folgeman 1984), and
the expected increase in temperature and
decrease in precipitatiou due to climate change
are likely to have additional negative impacts.
The combination of these factors justifies a Pri-
ority 1 status.

Maragement Recommendations

The development of an effective mauagement
strategy will largely depend on finding remnant
populations in the state, carrying out research
on the life history of those specific populations
to determine their habitat needs, and then tak-
ing a proactive management and habitat restora-
tion approach o recover it in its native range. A
key first step with any remnant population is to
determine whether it is native or introduced.
Researchers can most easily accomplish this
using DNA markers, and we recommend that
larval Lail tips be collected for any population
that is discovered. A considerable amount of
phylogenetic work, particularly using mitachon-
drial DMA markers, has been published for this
species, and straightforward DNA sequencing of
California animals should allow them to be
placed into a phylogenetic context with other
Rang pipiens from across the species' range.
This approach was used by Johnson etal. {z010)
and dermnocnstrated that potentially native popula-
tions of tiger salamanders {Ambystoma tigrinim)
were in fact nonnative introductions. [f native
populations of R, pipiens are found, the habitat
supportting them should be protected in order to
reduce potential threats such as nonnative pred-
ators, agricultural disturbance, grazing, off-
highway vehicle use, pesticide applications, and
changes 1o local hydrology. If nonnative popula-
tions are found, managers should evaluate their
potential to spread and pose a threat to other
native taxa. In certain cases, removal programs
could be effective at mitigating threats posed by
uonnative R. pipiens.

Monitoring, Research, and Survey Needs

Comprehensive surveys of historical localities
as well as the Modoc Plateac area, includiug the



Goose Lake Basin and the Warner Mountains,
should be conducted to determine whether any
viable pepulations persist in California and to
identify areas of potential habitat for ongoing
surveys. The most recent records for this spe-
cles come from the vicinity of Owens Valley,
and all drainages flowing into the valley should
be carefully surveyed. It is critically important
that tissue samples be collected from any extant
populations that are found so that frogs can be
genetically characterized with respect to their
introduced or native status.

Given our current lack of information about
the life history of this species in California,
basic ecological research is a key priority for any
native populations that remain in the state.

Information about habitat preferences and
requirements, demography, and timing of key
life histary events would all improve our ability
to conserve remnant populations of Rana
pipiens.

Finally, if remnant populations are found,
multi-locus microsatellite or single nucleotide
polymorphism DNA data should be analyzed to
estimate the effective population size and
potential connectivity with other remaining
populations. 1f populations are delermined to
be native, small, and genetically isolated, R.
pipiens could be a prime candidate for human-
mediated trauslocations Lo establish new
populations in currently unoccupied habitat
patches.
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dissolve into a series of raised dots two-thirds to
three-quarters of the way down the back. The
call consists of a series of faint clicks, repeated
rouphly seven times in rapid succession {Briggs
1687, Stebbins 2003, Elliott et al. 2ceg),
Within its California range, this species is
most likely 1o be confused with the Cascades
frog (R cascadae). Although similar, R, casea-
dre spots tend to have sharply defined edges, no
light centers, and appear to be on the surface of
the skin, reminiscent of black ink being splat-
tered on the frog (Stebbins 2¢03). In addition,
the underside of the legs are yellow tzn in R.
cascadae (teddish in R, pretiosa), the eyes are
criented dorsally when viewed from above in R.
presiosa (oriented outwardly in R. cascadae), and
R. pretioss has ful, rather than partial webbing
between the toes of the rear legs. The Columbia
spatted frog (R. luteiventris) may also occur in
California, and it could also be confused with R.
pretiosa {see the “Distribution” section).

Taxonomic Relationships

GCreen et al. (1996, 1997) divided Rana pretiosa
into twa species, R. pretiose and R. luteiventris,
based on morphology and allozyme variation,
The two taxa are morphologically similar {usu-
ally distinguishable in the field based on the
ventral mattling in R. preticsa; M. Hayes, pers.
comm.}, but preserved specimens can usually
be differentiated with a series of head measure-
ments {Green et al. 1997). The two species are
also diagnosable using allozymes {Green et al,
1996) and mitochondrial DNA cytochrome-b
sequence {Funk et al. 2008).

Life History

No data on life history of California populations
exist and much of the data from elsewhere in
the range occurred before the partitioning of
Rana pretiosa and R. Iuteiventris. As California
populations of R. pretiosa are at the extrerne
southern edpe of the species’ range, the timing
of life history events may occur eatlier relative
to those teported from more rnortherly sites,
although the high elevation of California sites
may compensate for any potential latitudinal

114 FROGS AND TOADS

gradient. California populations were geo-
graphically closest to Oregon frogs from the
Klamath basin, and those populatiens may
serve as the best models for California.

Frogs emerge from hibernation a5 soon ag
the winter thaw permits (Stebbins 2003) and
water ternperatures rise to about 6°C {C. Pearl,
pers. comm.). Rana pretiosa breeds explosively
soon after emergence, usually over a 1- or 2-week
peried. Males ofien congregate in shallow water
and begin to call {Licht 196g, Nussbaum et al.
1983). Egg masses are deposited together in
large groups in vegetated margins of large per-
manent aquatic habitats, usually at the high-
water mark. The species can experience high
epg tnass mortality when waters recede rapidly,
leading to stranding, desiccation, and/for freez-
ing (Licht 1971, Briggs 1987). However, eggs
from multiple sites in Oregon were found to
resist near-freezing temperatures as long as they
remained beneath the water surface {Bower-
tnan and Pear] 2010). Artificially incubated egg
masses hatch in as few as 72 hours to ag many
as 400 hours, depending on temperature (25°C
and 1a*C, respectively), followed by metamor-
phaosis in approximately 4 months (Licht 1971).

Males appear to have lower survivorship
than females, presumably due to the lonper
periods of time that they spend in breeding
congrepations and the resulting exposure to
predation {Licht 1974, Chelpren et al. 2008).
Past-rnetamorphic frops consume a wide vari-
ety of invertebrate prey including insects. occa-
sional mollusks, and crustaceans, as well as
small vertebrates including anurans {Nuss-
baumm et al, 1983, Licht 19860D, Pearl and Hayes
2002, Pearl et al. zoasbj.

Habitat Requirements

[nformation on habitat utilizatien in California
is very limited, although habitat requirements
are better studied elsewhere in the range. The
species appears to seasonally use different habi-
tat types {Watson et al. 2003, Chelgren et al,
2008). Rana pretiosa is highly aquatic and
rarely found away from the water (Licht 1986a).
It frequently uses termporary pools, ditches, and



other shallow water sources, but nearby deep
permanent water is always required and serves
as a refuge for adult frogs during dry parts of
the year and during drought {McAllister and
Leonard 1997, Watson et al. 2003). Breeding
occurs in shallow water with aquatic vegetation
{Licht 1971, Walson et al. 2003). Tn Oregon, ovi-
position sites occurred, on average, 14.I m
{tange 0.08-35.0 m) from the shore in water
that was 18.5 cm deep {range 1—57 cn) {Pearl et
al. 2009). At one site in Washington, the spe-
cies overwintered in shallow water, where it
buried itself at the base of emerpent plants
(Watson et al. 2003). Overwintering in Howing
springs has alse heen documented {Chelgren
et al. zoo8). Overland dispersal appears to be
quite limited, and the species may require habi-
tat where the shallow-water breeding and aver-
wintering habitats are connected to deep-water
refuge habitat by intervening water during
early spring and late fall to allow inter-habitat
migrations {Watson et al. 2001).

The habitat requirernents for R. pretiosz have
likely contributed to its declines. The diversity
af habitat types that ame used, coupled with the
requirement that they are connected by inter-
vening stretches of water, is fairly specificand is
probably only common in larpe, relatively intact
wetland complexes. These complexes are
becoming increasingly rare throughout the spe-
cles’ range as landscapes are drained and con-
verted to agriculture and grazing.

Data are limited on effects of grazing on
this species. Atone site in western Washington
where reed canarygrass (Phalaris zrundirzcea)
forms dense stands, Watson et al. (2003) sug-
gested that prazing could help open patches
and make them suitable for R. prefiosa. How-
ever, grazing also has the potential to reduce
water quality and cover from predators. Addi-
tional work iz needed on how the timing and
intensity of grazing affect frog behavior and
habitat use.

Distributian [Past and Present)

Few localities for Rana pretiosa have been docu-
mented in California, and all known lacalities

appear to be extirpated. Historically, R. pretiosa
occurred in the northeastern corner of Califor-
nia, ranging south to Plurnas and Tehama
Cournties and west tn the eastern pertions of
Sikiyou, Shasta, and Tehama Counties {Slevin
1928). Within this range, the species has been
found in scattered localities in Modac, Shasta,
and Siskiyou Counties (Stebbins 1972, Jen-
nings and Hayes iggga), with the last docu-
mented record occutrring in a woodpile in
Cedarville, Modoc County, in 1989 (Jennings
and Hayes 1994a}. This last record is somewhat
anomalous, since the frog was found in a heav-
ily modified area near the town center of Cedar-
ville, in habitat that seems to be unsuitable for
the frop. Given the very specific habitat require-
ments of R. pretiosa, the fact that no specimen
from the site was ever examined by a herpetolo-
gist and no vouchers exist, it is possible that
this is a misidentified or human-introduced
specimen {L. Groff, pers. comm.; M. Hayes,
pers, comm.). It remaing possible that isolated
populations still persist, particularly in remote
portions of the Warner Mountains and on pri-
vate land in Surprize Valley, Modoc County.
Fairly recent surveys in the Warner Mountains,
Modoc Plateau, and Pitt River drainape failed to
locate any individuals {Jennings and Hayves
1gp4a, Groff 2011}, There is an unverified
sighting of a “spotted Erog” in Surprise valley
from Novemnber 2008 (L. Gray, pers. comrm.],
but a follow-up survey at this locality revealed
only Psuedacris regilla. A more recent survey
comprising 18 localities selected using a spe-
cieg distribution model for this speries did not
detect R. pretiosa in California {Groff zorr),
although the southernmost extant locality in
Oregon is only about 10 km from the state bor-
der. Between 2012 and 2013, USFWS biologists
conducted additional surveys at rz sites within
the Pit River watershed and Warner Monntains,
Again, no evidence of R. pretiosa was found
(USEWS-Klamath Falls Field Office, unpub-
lished data, 2e13).

Outside of California, R. pretiosa is patchily
distributed from extreme southwestern British
Columbia, south through Washington and
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Oregen (Greer et al, 1997). This distribution is
fragmented, and the species has undergone
severe declines through mast of its range
(McAllister et al. 1993, Green et al. 19g7).
Declines are thought to have occurred dispro-
portionately in lowland areas, and over two-
thirds of the remaining populations occur
along the crest and eastern slopes of the Cas.
cade Range (Pearl et al. z000).

It is possible that some R. pretiosa in Califor
nia, particularly those east of the Warner Moun-
tains in Modoc County, could actually be R.
luteiventris, There are known R. luteiventris pop-
ulations approximately 1& km north of the Cali-
fornia border on the eastern slopes of the Warner
Mouniains, making the presence of R. luteiven-
tris in California plausible (Funk et al, 2008;
M. Hayes, pers. comm.). However, the species
has not been documented in California.

Trends in Abundance

Mo abundance data for California populations
exist. Reports from parts of the Willamette Val-
ley, Oregon, and Puget Lowiands, Washington,
suggest that Rana pretiosa was common in
those areas around the 1930s. Declines are
thought to have been occurring for a large part
of the twentieth century {Dumas 1966, McAl-
lister et al. 1993, Pearl and Hayes z005), At one
time, the species wag apparently commaon in
Wacner Valley, Oregon, immediately north of
Surprise Valley in California [Cope 1883). Any
remaining populations in California are likely
to be isolated and on private land that has not
been surveyed. A recent species distribution
model generated a set of potential sites, some of
which were surveyed, but no California popula-
tions were found (Grolf 2o11).

Nature and Degree of Threat

At least four major factors have likely contrib-
uted to the decline of Rara pretiosa in Califar-
nia. First, the species has been stranply
impacted by the loss of 1the extensive wetland
cormplexes that were once common in northern
Califarnia. As land has been drained and modi-
fied for livestock grazing and agriculture, the
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overall amount of available acreage that pro-
vides the precise suite of habitat types used by
this species has declined. This loss of wetland
habitat is further exacerbated by ¢limate projec-
tinns for northeastern California, which predict
increasing tempetatures, strongly decreasing
precipitation, and reduced snowpack {PRBO
zo11); all of these changes will reduce perma-
nent wetlands and place increasing demands
on the remaining aquatic habitat. Second, R.
pretiosa appeats to be sensitive to relatively low
levels of nitrates and nitrites resulting from
agricultural runoff (i.e., those meeting EPA
allowances for drinking water; Marco et al.
1999}. This observation is consistent with the
precipitous declines observed in lowland Ore-
gon and Washington populations, which have
been mote heavily impacted by agriculture
than higher-elevation populations. Application
of the pesticide DDT was also correlated with
die-offs in the closely related R. luiciventris in
northern Oregon (reported as R. pretiosa; Kirk
1988). Third, the species appears 1o be sensi-
tive to intraduced exotic predators, particutarly
bullfrogs and exotic fishes. Some data indicate
that it is likely more sensitive to the presence of
builfrogs than other native ranid frogs. In areas
where R. aurora and R. pretiosz are sympairic,
stronger declines were observed in R. pretiosa
than R. aurora in areas where bullfrogs have
invaded (Pearl et al. 2004). Laboratory experi-
ments also demonstrate a differential impact of
bullfrogs on R. pretiosa relative to R. awurora,
likely due to R. pretiosa's more strongly aquatic
life history (Pearl et al. 2004). Bullfrogs have
also been hypothesized 10 negatively impact
small R. pretiosa populations via reproductive
interference {Pearl et al. zo005¢}. In combina-
tion with the well-documented effects of non-
native fshes on western ranid frogs (Adams
1999, Lawler et al, 1999, Adams 2000, Joseph
et al. 2o011), this suite of nonnative predators is
likely to have a strong nepative effect on R. pre
tipsa populations. Finally, Bd has been found to
be present in remaining populations of R. pre-
tiose {Pearl et al. 2007, Hayes et al. 2009),
althouph experimental work suggests that the



species may be resistant {Padgeti-Flohr and
Hayes zom1}. However, given the importance of
Bd in some anuran declines, further work on
its impact on R. pretioss is warranted.

Given the rarity of R. pretiosa recards from
California and our lack of histerical pepulation
parameters, it is impossible to differentiate
between these causes. However, it is reasonable
to assume that several or all of these factors
were involved in the decline of the species in
California.

Status Determination

The lirnited Calitornia range of Rang pretiosa
and its apparent extirpation from the few
known historic localities are the main drivers
for its hiph score. The paucity of historical
records in California suggests that this taxon
may have historically bean rare in the state, and
its specialized ecological requirements (large
permanent wetlands, specialized sub-habitats
for breeding, hibernation, and growth} make it
inherently sensitive to declines. Together, these
factors justify a Priority 1 designation for this
species.

Murnagement Recommendations

Ongoing management efforts for this species
should be cnordinated through the range-wide
conservation strategy that the Washington
Department of Fish and Wildlife is Jeading and
the California Department of Fish and Wildlife
is participating in {B. Bolster, pers. comm.].
Cushman and Peat] (2007) recently assessed
Rana pretiosa conservation needs and provided
a detailed roadmap for management of this
species. Our recommendations largely follow
theirs. 1f the surveys cutlined below identify
any remaining populations of this species in
the state, the wetland habitat supporting the
pepulation sheuld be protected from fragmen-
tation and meodification, including the intro-
duction of exotic fishes and amphibians. Cap-
tive populations of this species should also be
established to serve as assurance colonies,
should the last wild populations go extinct. If
continued surveys sugpest that the species is

extirpated from California, captive breeding
and reintroduction programs could be initiated
with Qregon animals if appropriate habitat can
be identified and protected. Given the very high
levels of genetic differentiation and population
structure found ameng extant Orepon and
Washington populations (Blouin et al. 2010},
populations {rom the southern Klamath Basin
genetic unit are probably the best candidates for
such a reintroduction in Califernia. Beyond
these iwo steps, effective management of this
taxon in California will require additional
research into the causes of decline.

Monitoring, Research, and Survey Needs

Comprehensive surveys throughout Rong pretio-
sa's known historic range should be conducted
to determine if any populations persist in the
state. Surveys of remaining jarge wetland com-
plexes are particularly important, as are surveys
of potential habitat on private property. A recent
species distribution model (Grofl 2011} identi-
fied and surveyed some, but nat all, of the pre-
dicted localities that may suppeort this species in
California, and this study provides an excellent
starting point for additional surveys. Signihcant
habitat that has not yet been surveyed remains
on private property, particularly east of the
Warner Mountains (although R. buteiveniris may
replace R. pretiosa in this area). The aforemen-
tioned recent surveys made a particualar effortto
gain access to private land, but permission was
only granted in approximately 15% of cases
(Groff 2011). Future surveys should continue to
build parinerships with private stakehnlders and
survey large wetland complexes on private lands.
If any populations are found, nonlethal tissue
samples should be collected s¢ that species iden-
tification can be verified with molecular data.
Should any populations be located, a moni-
toTing program in conjunction with life history
tesearch should immediately be initiated with
the poal of quantifying population sizes and
connectivity {if multiple adjacent populations
are found) and to allow for a betier undersland-
ing of habitat requirements and causes
of decline in this species. Molecular genetic
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studies using microsatellite andjor single
nucleotide polymarphism data fram multiple
nuclear markers cau provide valuable insights
into historical population declinesfexpansions
and should be conducted if any native popula-
tions are discovered, In addition, given the very
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high levels of population structure found
among extant Oregon and Washington popula-
tions, any California populations should be
surveyed for genetic variation and integrated
into the existing species-wide genetic dataset
(Blouin et al. 2o010).
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Rana yavapaiensis Platz and Frost 1984

Status Surmmary

Rana yavapaiensis is a Priority 1 Species of Spe-
cial Concern, receiving a Total ScorefTotal Pos-
sible of 7496 {63/85). During the previous eval-
uation, it was also considered a Species of
Special Concern (Jennings and Hayes 1994a).
Rana yavapaignsis has not been confirmed to
occur in California since 1965 (Jennings and

Hays 1994a).

Identification

Rana yavapeicnsis is a medium-sized ranid frog
{4.6—87 cm SVL) with prominent dorsolateral
folds that are discontinuous and angle inward
posteriorly (Platz and Frost 1984). The colara-
tion is variable, but is pencrally gray green, gray
brown, or tan with irregular bloiches above and
cream ot white on the venter. The ventral pelvic
region is yellow, and this sometimes extends
onto the legs. In older individuals, there is alse
dark mottling on the chin {Jennings and Hayes
1994a; Stebbins 2003). A cream-colored supral-
abial stripe is present that fades anteriorly in
front of the eye {Platz and Frost 1984).

In Californiz, this frog is most likely to be
confused with the closely related, nonnative Rio
Grande leopard frog (R. berlandieri). The distin-
guishing characters for the two species widely
overlap, and positive identification is therefore

Lowlond Leapord Frog: Rrsk Factors

Ranking Criteria (Maximum Score) Score
i. Range size {10) 10
ii. Distribution trend {25) 20
iil. Population comcentration 10
migration (10)
iv. Endernistn (1) 4]
v. Ecological tolerance (10) 3
vi. Population trend {25) Data
deficient
vii. Vulnerability to climate change (105 10
viii. Projected impacts (10} 10

Tatal Score a3
Total Passible 85
Total Score/Total Possible 0.74
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difficult. Bana berlandieri attains larger body
sizes {up to 11.4 em SYL) and has proportion-
ately larger eves than R. yarapaiensis. Coloration
of the two species is similar, but R. yavapaiensis
generally has more extensive reticulation
between the blotches on the hind legs, and its
ventral coloration is often less dusky than R. ber-
landieri {Stebbing 2003). Rana berlandieri's call
consists of a law trill often followed by grunts,
whereas R. yavapaiensis calls with higher-
pitched notes that are given in rapid succession,
often followed by lower-pitched chucks {Steb-
bins 2003, Elliott et al. 2009). Given that there
are no known extant R, yevepaicnsis localities
remaining in California and that it is similar in
appearance to the nonmative species R. berland-
ieri, positive identifications should be made cau-
tiously. The species are readily distinguishable
using molecular data (Hillis and Wilcox 2005,
Frost et al, 2006a), which should be used to
confirm any potential R. yavapaiensis specimens
from California.

Taxonamic Relatianships

Rana yavapaiensis was recognized as a distinct
species in the leopard frog complex primarily
on the basis of morphoelogy, reproductive isola-
tion, and allozyme variation {Platz and Platz
1973, Platz 1976, Platz and Frost 19B4). The
species is morphologically similar to other spe-
cies of leopard frogs in the southwest. [aeger et
al. {zooI) distinpuished relict leopard frogs (It
onca) from R. yavapaiensis using genetic and
morphological data. Dased on a mitochondrial
DNA dataset, Hillis and Wilcox {2005) con-
firmed a close relationship between thege two
species to the exclusion of other leopard frog
taxa, including several geographically nearby
members of the complex.

Frost et al. {aco6a) recommended placing
this species and many other North American
ranids in the genus Lithabates, although this
proposal and the analyses that support it are
controversial (Crother zooq, Frost etal, 2c09a,
Pauly et al. 2000). We retain the traditional tax-
oncmy here to maintain stability and pending
further analyses.

Life History

Life history characteristics of California popu-
lations of Rana yavapaiensis are poorly known.
The species apparently breeds opportunisti-
cally during winter rains {Stebbins 1972), and
breeding has been documented to accur from
late December through March in California
{Storer 1925, Ruibal 1g5g). Elsewhere in the
range, breeding has been documented from
QOctober to April {Platz and Platz 1973, Collins
and Lewis 1979, Frost and Platz 1983, Sartorius
and Rosen 2000). The reproductive biology of
R. yavapaiensis has only been studied in Ari-
zona. There, the species is known to experience
at least two reproductive peaks within a year
{once in the fall, once in the winter or spring},
and tadpoles may overwinter {Collins and
Lewis 1974, Sartorius and Rosen zo00). How-
ever, sotne authors have observed among-papu-
lation variation in the occurrence af multiple
breeding peaks, and it is unknown whether
California populations had one or two breeding
peaks per year.

Rana ywvapaiensis undergoes marked year-
to-year fuctuations in population size through-
out its range (Clarkson and Rorabaugh 193,
Sredl et al. 1ggy, Sartorius and Rosen zo00),
which renders isolated populations susceptible
ta extirpation. This also makes it difficult to
cenfirm the absence or extirpation of popula-
tions with single-year surveys, emphasizing the
importance of multivear surveys for this
species,

Hobitot Requiremerts

Habitat requirements for Rana yavapaiensis are
poorly understaod, particulatly in California.
The species was historically found in slow-mey-
ing watet along the San Felipe Creek drainape
and the Lower Colorado River (Storer 19as, Steb-
bins 1g72). The species has been found predom-
inantly in marshy areas with hulrushes, cattails,
and grasses with a willow overstory {Storer 1925,
Jennings and Hayes 19944, Jennings and Hayes
1594b}, but it is unknown whether this vegeta-
tion type is required for population persistence.
The species also expanded into artificial canals
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and ditches in the Imperial Valley as agriculture
developed in the repion (Storer 1925, Klauber
1934), as is the case currently for R. berlandieri
in Imperial County. It is unknown whether R.
Favapaiensis can persist in these artificial habi-
tats or whether they represent non-sustaining
sirk habitat requiring immigrants from nearby
source populations.

Aquatic dissolved salt levels probably limit
the distribution of this species. at least in some
situations. Ruibal (1959) examined salt toler-
ance in adults and eggs from the San Felipe
Creek drainage and found that salinities
observed throughout most of the drainage were
lethal to eggs (though not to adults} and that
suitable areas for breeding were limited to the
springs and seeps that fed the drainage.
Whether salt concentration was always a lirnit-
ing factor in California, or agricultural prac-
tices led to unnaturaliy high salt levels in some
water bodies, is unknown.

Distribution (Past and Present]

No extant populations are presently known in
California {Jennings and Fuller 2004). The dis-
tribution of Rana yavapaiensis was historically
patchy, even before recent declines. In Califor-
nia, the species was historically present in suit-
able habitat along the Lower Colorada River, the
Imperial Valley, and the San Felipe Creek
drainage (Platz 1688, Stebbins zcc3). Outside
of California, the species historically ranged
aleng the Lower Colorado River from northern
Mexico to Arizona, from near sea level to 1700
m (Platz and Frost 1984, Platz 1988, Jennings
and Hayes 1994a, Jennings and Hayes 1994b,
Stebbins 2003). The last confirmed record in
California is from 1905 in an irrigation ditch
east of Calexico, Imperial County {Jennings

and Hayes 19g4a).

Trends in Abundance

Severe declines have occurred throughout the
known California range of Rana yavapaiensis,
and currently there are no known extant papu-
lations, Repeated surveys since 1965 have failed
to locate this species (Vitt and Ohmart 1978,
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Clarkson and Rorabaugh 1989, Jennings and
Hayes 1994b). In addition, in 1976 Hurricana
Kathleen apparently modified the surface
drainage patterns around San Sebastian Marsh,
Imperial County, eliminating the wetland
habitat that supported the species previously
{E. Ervin, pers. conum.}. Rana yavapaiensis also
appears to be declining through parts of its
range outside of California (Clarkson and Rora-
baugh 1989, Stebbins 2007).

Nature and Degree of Threat

The declines in Rana pavapaiensis occurred
before extensive collections were made or stud-
ies were carried out. As a consequence, threats
to this species in California are poorly under-
stood, with few actual data supporting any of
the potential threats considered here. Possible
threats that coniributed to i3 decline include
direct impacts from agricultural runoft, which
has been shown to be highly detrimental to
other species in the leopard fropg complex (Rel-
yea 2008), habitat alteration, including water
availability andfor flow regimes [Hayes and
Jennings 1986), and predation by or competi
tion with introduced bullfrogs, predaceous
fishes, and invertebrates (Clarkson and Rora-
baugh 198¢). Some recent declines in the
closely related R. omca appear to be linked to
encroachment of dense emergent vegetation
into npen water habitats (Bradford et al. 2004).
and this process could plausibly also affect R.
yavapaiensis, All of these factors were occurring
simultanecusly within the range of R. yavapai-
ensis along with declines, making it difficult to
disentangle their effects {Hayes and [ennings
1985). In addition, over 13.000 km of dilches in
the [mperial Valley were burned and subse-
quently sprayed with oil during this time, and
thiz presumably adversely affected these frogs
(Twining and Hensley 1943).
Chytridiomycosis has been documented as
contributing to declines in R. yavapaiensis pop-
ulations in Arizona {Bradley et al. 2002), and
this disease is a concern for any remaining
Califernia populations. An additional concern
is the possibility of competition or hybridiza-



tion with R. berfandieri in California, Rana her-
landieri was introduced inte California well
after R. yavapaiensis declined {Platz etal. 1990},
so it is presumably not involved in the initial
decline of the species. However, as it continues
to expand its range in southern California, R.
berlandieri may pose a risk to any remaining R.
yavapaignsis populations {Rorabaugh et al
2002). Hybridization has been documented
between other species pairs of the leopard frog
complex, including rare natural hybridization
between R. yavepaiensis and the Chiricahua
leopard frog (R. chiricahuensis) (Platz and Frost
1984). Melecular phylogenic analyses supgest
that R. berlandieri is more closely related to R.
yavapaiensis than to R. chiricahuensis, implying
that natural hybridization between R. berland-
ierf and R. yavapaiensis may be possible.
Because R. berlandieri is now far more common
in California than R. yavapaiensis, ongoing
hybridization, should it occur, may result in
genetic swamping of any
populations,

remaining

Status Determination

Rane yavapaiensis has underpone severe
declines and has not been documented in Cali-
fornia in over 4o years, and there is a strong
possibility that the species is already extirpated
statewide. However, it remains possible that the
frog is present in scattered isolated localities
that have not been surveyed, aor that frogs have
gone undetected despite surveys.

If any populations persist, it is likely that
they are vulnerable to the causes of initial
decline throughout mest of the California
range of this species. Such populations, which
are almost certainly small and/or isolated,
wuould also be vulnerable to the natural Auctua-
tions in population size that occur in this spe-
cies. This natural vulnerability could be exacer-
bated by changing precipitation regimes in the
southeastern part of California, where increas-
ing temmperatures, declines in precipitation, and
greater year-to-year variation in rainfall are
expected to occur due to climate change (Cayan
el al. 2008k, PRBO zor1).

tdanagement Recammendations

If new surveys locate remaining populations of
this species, the habitat supporting these frogs
should be protected while further study is car-
tied out. Without a better underslanding of this
species’ life history in California, establishing
an effective management program will be dif-
ficult. If native California populations are not
found, Rana yavapaiensis is a potential candi-
date for assisted reintroductions from nearby
populations in Arizona, particularly in areas
where introduced R. berlandieri are not present
ot have been eliminated. More generally, such
future intreductions should be atternpted in
habitats that are as prigtine as possible, and are
free of introduced anurans of any species, intro-
duced predatory fishes {including mos-
quitchshy), and pathogenic fungi.

Monitering, Research, and Survey Needs

Survey efforts need to be renewed along the
San Felipe Creek drainage, the [mperial Valley,
and the Lower Colorado River. Although the
most likely areas for remmnant populations are
those that have been the least impacted by agri-
culture and development, even degraded apri-
cultural habitat can be utilized by Rana yawa-
paiensis, and therefore should be surveyed.
Because populations are prone to larpe yearly
fluctuations, surveys should be repeated over
multiple years in both the wet and dry seasons.
Surveys for larvae should also be undertaken
since tadpoles are olten more reliably detected
than adults. If any remaining populations ate
located, the habitat surrounding these areas
should be protected, and researchers should
begin a monitoring program to quantify and
track population sizes, Any suspected R. yava-
paiensis papulations should be confirmed usging
a set of molecular markers, both to firmly
establish species identity and to check for
hybridization between . ygvapaiernsis and R.
berlandieri. Because hybridization is a concern,
bath mitochondrial and nuclear markers
should be used. Given the difficulty in distin-
guishing the two species, we recommend that
populations of presumptive R. berlandieri he
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sampled for penetic material using nonlethal
means {(such as toe clips) and checked for diag-
nostic molecular markers to confirm that no
native R, yavapaiensis DNA is present.

Should surveys discover extant populations
of R. yrvapaiensis, research into the basic life
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history and the causes of decline in California
will be a prerequisite to developing an effective
management program. Life history studies
with a particular focus on habitat suitability
should be undertaken on any populations that
are located or reestablished.









have been unearthed from burrows, or have
newly emerged, may be covered in a dark hard-
ened layer of skin that soon sloughs ofF {May-
hew 196s).

Taxoromic Relationships

Scaphiopus cowchii was initially described based
on morphology, and its distinctiveness has not
been questioned since this time (Baird 1B54),
intraspecific variation has only been examined
in a small portion of the range in Arizona and
New Mexico (Chan and Zamudio 2c0g}. Little
genetic structure was observed among the
populations studied.

Life History

Scaphiepus couchii is xeric-adapted and prima-
rily fossotial, spending the majority of its life in
self-constructed burrows and emerging anly
during and immediately after intense summer
rains {Mayhew 1905, McClanahan 1957, Steb-
bins z003). This species has been found to be
active on the surface after summer monsoon
rainstorms in August and September, but not
after winter rainstorms in October, December,
or January {(Mayhew 1965}, suggesting that the
activity period is limited to the summer in Cali-
fornia as it is throughout the rest of its range.
However, California differs from the rest of the
range in that it receives the majority of its rain-
fall during the winter, suggesting that little
local adaptation has occurred in this species
{Mayhew 19065}, Outside of California, surface
activity is also tied to rain events, although 5.
couchii has (rarely) been found active on the
surface during periods of high humidity, even
when no recent rainfall has occurred {Mayhew
1962).

Emergence behavior is elicited by the low-
frequency sound of rain falling on the desert
soil, not from the rain itself {Dimmitt and
Ruibal 198ca). Frogs emerge from deep (20—
ga cm) burrows on the first night following the
first heavy summer rain (Shoemaker et al.
1969, Dimmittand Ruibal 1980a}. Most breed-
ing for a season usually occurs on this frst
night of activity (Woodward 1982}, Following

this, the species may forage intermittently for
up to 1 months, although much of this time is
also spent in shallow {2—1a cm) burrows, which
the frogs dig to avoid desiccation {Dimmitt and
Ruibal 1980a). One feeding event can likely
provide encugh energy to allow an individual to
persist for at least one year [McClanahan 1967,
Dimmitt and Ruibal 1980b). Females deposit
their eggs in ephemeral pools thai form follow-
ing intense summer rains {Woodward 1982).
The development rate of this species is remark-
ably fast, with eggs hatching in as little as one
day and metamorphosis occurring within 8-10
days if sufhicient food iz available (Mayhew
1965, Newman 1989, Morey and Janes 1994).
Tadpoles are tolerant of a wide range of water
lemperatures {(up te 3g—42 5°C) such asare fre-
quently encountered within the breeding pools
(Brown 1969}, This species likely does nat
breed every year in California and may skip
reproduction and remain underground in sub-
optimal years {Mayhew 196z},

Habitat Requirements

Scaphiopus couchir requires soils that are soft
enough to allow burrowing. The species
appears to prefer areas that contain at least
some vegetation, although burrowing in com-
pletely open areas is also known {Mayhew 1965,
McClanahan 1967). This taxon also requires
the presence of temporary desert rain pools
that retain water for at least 8 days to allow suf:
ficient time for metamorphosis. The area in
California in which 5. couchii occurs receives
an average of about 6.5 rm of rainfall per year,
and its fine-gcaled distribution may be linked to
the amount of runoff that collects in localized
areas (Mayhew 196s). The distances traveled
between upland retreats and breeding sites are
not known, nor are the precise terrestrial habi-
tat requirements of adults or juveniles.

Distribution (Past and Present)

Scaphiopus couchii ranges throughout much
of Texas, Mexico, southern Arizona, and
southern New Mexice, from near sea level to
18oc m {Stebbins 2003). Scattered, localized
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populations also occur in central Arizona and
southern Colorado (Stebbins 2aa3). In Califor-
nia, this species rangeg from the Colorado
River west at least to the vicinity of the Algo-
dones Dunes, ranging as far north as Cheme-
huevi Wash {~9 km notth of Vidal Junction)
and south to the vicinity of the United States—
Mexico Border (Mayhew 1962, Tinkham 1962,
Jennings and Haves 1gg4a). A few observa-
tional records exist in the vicinity of the Salton
Sea, and although these appear 1o be credible,
verification i3 needed that populations are
extantin this area.

This taxon’s range in California is likely rel-
ictual from more mesic periods and is probably
more frapmented now than it once was (May-
hew 1565). This species was not known to
occur in the state until 1962 {Mayhew 1962,
Tinkham 1662}, and no significant declines
have been documented since that time.

Trends in Abundance

Mo historical or current abundance data are
available for this taxon within California.
Human activities have both created and
destroyed breeding sites for the species (5.
Morey, pers. comm.), but no quantitative stud-
ies have documented the overall impacts of
these activities on the species across

California.

Mature and Degree of Threat

Scaphiepus couchii is likely persisting <loser to
its physiological limits in California than it is
elsewhere within its range (Mayhew 19065). The
California range is both hotter and drier than
most of the rest of the range, and most of the
limited rainfall occurs outside of the monsoon,
during a time when S. couchii is usually inac-
tive. The current populations in California
likely persist due to the presence of local condi-
tiong that allow for the collection of sufficient
quantities of water, such as the presence of
basins on the eastern base of the Algodones
Dunes and pools that form along desert washes,
The relatively fragmented nature of the species’
California distribution and the physiological
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conditions under which it lives make it suscep-
tible to localized extirpations due to habitat
modification that destroys temporary poals and
due to the effects of climate change. Recent
models (PRBO zon) indicate that average tem-
perature will increase significantly, by more
than 2°C in most months in the Sonoran/Calo-
rada Desert of California. Given that 5. couchs
may already be near its physiological tempera-
ture limits, this may have an enormous impact
an its viability in the state. [n addition, some
precipitation projections include an overall
decrease of up ta 45% {PRBO 2c11), and
increased variation in year-to-year precipitation
(Cayan et al. 2008b), which could have severe
detrirental impacts on this gpecies by decreas-
ing the number of years in which encugh rain-
water coltlects to allow breeding. Essentially, if
the interpretation is correct that the California
population exists at the physiological limits of
the species' capacity, then predicted changes in
rainfall and emperature may seriously reduce
its range in the state,

OfE-highway vehicle usage in the Algodones
Dunes has depraded habitat in many areas {R.
Fisher, pers. comm.). Noise generated by off-
highway vehicle usage has been implicated in
eliciting emergence in this species by mimick-
ing the sound of falling rain that it uses as an
emerpgence cue {Bratistrom and Bondelln
1979}, Temporaty and permanent anthtopo-
genic water sources associated with livestock
{cattle ponds) and perhaps apriculture may
help to provide suitable breeding habitat that is
important to the persisience of this species.

Status Determination

The small and fragmented range of this taxon,
coupled with its sensitivity to habitat distur
bance through of Fhighway vehicle use and pre-
dicted climate change, justifies its Priority 3
status.

Management Recommendations

The primary, immediate management goal for
Scaphiopus couchii is to protect existing habitat
from further impact. Off-highway vehicle use



and larpger modifications {solar projects, min-
ing) rmay negatively alter both the hydrology of
breeding pools and the suitability of seil for
burrowing. in particular, if pools are modified
such that they dry faster (through either more
rapid draining or overall smaller size), their
hydroperiod may become too short to allow
metamorphosis. Specific areas requiring pro-
tection should be determined by the surveys
outlined below. In the future, the impacts of
projected climate chanpge may seriously
threatan this species in California, and proac
tive management may be required to counter-
act this threat; such management could include
relocating populations to cooler or more mesic
sites, deepening and maintaining the hydrope-
riod of natural breeding sites, angd potentially
creating completely novel breeding pools that
can hold water if the climate changes.

tonitoting, Research, and Survey Needs

Ranpe-wide surveys need to be undertaken for
this taxon to identify suitable remaining habi-
tat, determine the sizes of extant breeding
populations, and to further characterize the
species’ range in California. To our knowledge,
the northernmost population at Chemehuevi
Wash has not been resurveyed since its original
description in 1962 (R. Fisher, pers. comm.),
and this is an important area in need of sur-
veys. As the species distribution in California is
patchy, largely in remote regions of the state,
and given that the species does not emerge
every year, care should be taken to search desert
pool habitats even in areas where this anuran
has not yet been documented, Surveys should
ideally take place during the first night follaw-
ing the first major summer [monsoonal} rain
event. Surveyors should he experienced with
this frog's call (Elliott et al. 2aag), as this will
likely be the easiest way to find populations,
and pools should be surveyed for tadpoles

within a few days after they £ll during summer
rains.

The movement ecology of this taxon and its
potential ta recolonize previausly extirpated
areas are unknown and are a topic in need of
further study, particularly so in California
where populations appear to be fragmented.
Additional study of its physiolopical limits
would also be helpful in establishing a more
informed management plan, now and in the
face of future climate changes. In particular,
the severity of drought and the number of years
between breeding events that can be tolerated
are critical pieces of information for the long-
lerm managentent of this species. Landscape
ecological information, including the amount
of terrestrial habitat needed, the relationship
betweeti population size and pool basin size,
inundation duration and frequency, and the
movemnent [requency ol animals between
breeding sites would all be valuable for future
management congiderations. Additienal infor-
mation on habitat use itself, including the
extent that ongoing railroad and water diver-
sion prajects within the range subsidize or
detract from potential habitat for this species, is
also a critical research need that would inform
ongoing management of this species.

Finally, given the spotty distribution of the
species and the potential for genetic isolation
among sites, multi-locus population genetic
studies using microsatellites or single nucle-
otide polymorphisms of all extant California
populations would provide a badly needed esti-
mate of the extent to which populations are
subdivided and therefore the optimal manage-
ment strategies to protect genetic diversity. In
addition, given how widespread the species is
across the southwestern United States, genetic
data comparing the unigqueness of the Califor-
nia population is essential for ranpe-wide
management.
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placing it sister to a clade consisting of the
Greal Basin spadefoot (S. intermontanal and
the Plains spadefont {S. hombifrons}. This
arrangement is consistent with Kluge {1966}
and Sattler {198c). Relationships within Spea
are still unresolved however, and cryptic taxa
may exist within 5. hammondii {Garcia-Paris et
al. 2003) and 4. intermontana (Wiens and Titus
1991). Ongoing phylogeographic work should
clarify the extent of intraspecific variation in
the species. Preliminary data indicate that
some mitachondrial introgression has occurred
between 3, intermontana and 5, hpmmondii in
southern California, but not the Central Valley
portions of the species’ range {P. Spinks,
unpublished data).

Life History

Adult Spea hammondii are terrestrial, moving
from summer refugia to ephemeral water bod-
ies to breed in the spring following warm late
winter or spring rains {Storer 1925, Burgess
1950, Stebbins 1954, Feaver 1071, Brown 1976,
Morey 1998). Breeding aggregations can ron-
sist of more than rooo individuals {Jennings
and Hayes 1994a). Breeding occurs over a 2—3
week period, during which males can be heard
chorusing intermittently (Browu 1976, Morey
and Reznick 2004). Additional bouts of breed-
ing can occur, and pools can contain cohorts of
different ages {Morey 2005). Onset of breeding
activity varies depending on rainfall and region.
For exampie, heavy rains in 1991 resulted in
breeding occurring only in March {San Luis
Obispe and Riverside Counties; Morey and
Reznick 2004). In the two following years,
breeding occurred between January and March
{Morey and Reznick 2004). Breeding has also
been documented in August, and from Qctober
to December in San Diego County (Ervin et al.
2005, Ervin and Cass 2007). 1t is unknown
how common early-breeding behavior is, but
the October 2004 events may have been in
response to very dry conditions, and many of
these larvae ultimately succumbed to desicea-
tion. The previous year, 2003, set a record rain-
less period, and the breeding in 2004 occurred
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after the first measurable rain in 187 days {Ervin
etal. 200).

Females lay 300-500 eggs in clusters af
18—25 {Stebbins 1951, Stebbins 1g98s) that usu-
ally hatch in 3—4 days {Marey 2004). Morey and
Reznick [2004) surveyed vernal poels in San
Luis Obispo and Riverside Counties and found
that the larval period lasted an average of 58
days. In the laboratory, the minimum time for
larval development was estimated to be 14 days
{Morey and Reznick 2004). Males raised exper-
imentally under high foad conditions developed
secondary sexual characters by the beginning
of their first breeding season after metamor-
phosis, while ferales of the same age had adult
coloration but underdeveloped ovaries (Morey
and Reznick zo0c1). It is unknown how long it
takes to reach maturity in the field, but based
on this experimental work males probably
mature 1-2 years after metamorphosis and
females at least 2 vears after metamorphosis.
Most individuals are mature at 4—4.5 cm SVL
{Storer 1925, Morey and Guinn 1992).

Larvae are frequently at risk of desiccation
due to pools drying before development is com-
plete, In Fresno County, 17 out of 23 vernal pools
dried before larvae metamorphosed (Feaver
1971]. Across zo populations in San Luis Obispo
and Riverside Counties, Morey and Reznick
{2004) observed that 15% of ponds dried before
larvae metamorphosed, As poals dry, latvae
experience increased daily variation in tempera-
ture, increased amnmonia levels, increased watar
hardness, and decreased depth (Morey and
Reznick 2004). These factors lead to crowding
and decreased growth rate. While zeveral cues
are operating simultaneously, water reduction
alone is sufficient ta trigger accelerated develop-
ment within 24 hours (Denver 19g97a, Denver
19g7h, Denver et al. [993, Boorse and Denver
2003]. In the field, there is a positive correlation
between hydraperiod and mass at metamorpho-
sis (Morey and Reznick 2004). In the lab, ani-
mals reared at Jow density were larger (4.00 g)
at metamorphosis and metamorphosed sooner
{77.8 days} than animals maintained at high
density (2.9 g, 87.8 days; Morey and Reznick



2001). Survivorship of metamorphs was also
higher for animals that were larger at metamor-
phosis, regardless of larval density (Morey and
Reznick 2001}, Effects of the larval rearing
environment persisted for several months afler
metamorphosis, but small metamorphs were
able to catch up in growth if terrestrial food
availability was high.

Little is known about terrestrial activity,
although most movement and surface activity is
thought to be nocturnal {Morey 2005). Juveniles
leave natal pools shortly after metamorphosis in
April-June presumably seeking refupia,
although their terrestrial habitat is unknown
{Morey 2005}, Adults and juveniles retreat to
burrows by late summer, with juveniles capable
of digging burrows ro—zo cm deep even in
hard, dry soil {Morey and Reznick 2001). Mam-
mal burrows may also be used {Stebbins 1951),

Larval diet has not been studied, although
larvae of other spadefoot species are general-
ists, consuming animals, plants, and organic
detritus (Pomeroy 1981, Pfennig 19go). Can-
nibal morph larvae with hroad heads and
enlarged jaw muscles are known from San Luis
Obispo and Riverside counties, but it is
unknown how commeon they are throughout
the species’ range (Morey 2003%). Adults are
generalized predators on terrestrial arthropods
and other prey, including beetles, moths, Aies,
and earthworms {Morey and Guinn 199z).

Hatritat Requirerents

Spea hammondii occurs in grasslands, oak
woodlands, coastal sage scrub, and chaparral
vegetation in washes, Hoodplains, alluvial fans,
playas, and alkali Aats {Stebbins 2003, Morey
2005). Temporary pools are used for breeding,
but S. hammondii will also readily breed in arti-
ficial water bodies such as cattle ponds {Morey
2005). Yernal pools used by $. hammondii for
breeding had an average ponding duration of 8:
days (range 30~127, n = g, 5an Luis Obispo and
Riverside Counties) (Marey and Reznick 2004).
Pools with atleast some successful recruitment
lasted on average 3 weeks longer than larval
development time (Morey and Reznick 2004).

Pool temperature during larval development
ranged from 11°C to 32°C (Morey and Reznick
2004). Brown {1067) found that water tempera-
tures between 9°C and 30°C were necessary for
larval development {eggs collecled from River-
side County).

Perennial pools containing introduced pred-
ators such as crayfish, fish, or bullfrops are
often unsuitable for successful recruitment
(Jennings and Hayes 1994a). However, in
southern California. ephemeral pools utilized
by introduced species with predatory aquatic
stages, such as the African clawed frog {Xeno-
pus laevis), can still function as breeding habi-
tat for 5. hammondii {confirmed by the pxes-
ence nf dispersing metamorphs), but the
effects these introduced species have on overall
tecruitment levels are unknown (Ervin and
Fisher zoor, Ervin and Burkhardt 2000).

Distribution {Past and Present}

Spea hemmondi occurs in the Central Valley
and bordering foothills across southern Cali-
fornia from Shasta County south into north-
western Baja California, including the Coast
Raripes south of Monterey, from sea level to
1305 m (Jennings and Hayes 1994a, Ervinetal.
zoo1, Stebbins zoo3; 5. Barry, pers. comm.).
Jennings and Hayes {1994a) concluded that as
of the rggos, over 80% of historically occupied
habitat in southern California and 0% of habi-
tat in northern California were no lonper suit-
able due to development and habitat conversion.
In surveys throughout the Central Valley,
Fisher and ShafTer {1996} reported $. hammon-
dii ag virtually extirpated from the Sacramento
Yalley and at a reduced density in populations
of the eastern San Joaquin Valley.

Trends in Abundance

Current or historical abundance data are largely
unavailable or anecdotal, and little recent data
is available. Recent surveys of Mather Airport
{formerly Mather Air Force Base) in Sacra-
mento County estimated that breeding adulls
numbered in the few dozens, although this was
based on short-duration surveys and limited
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data {A. Chang, unpublished data). Morey and
Guinn {199z) reported an average of 1.16 indi-
viduals/km of roadway during a celatively wet
winter {1g82-1983} and 0.68 individuals/km
during a drier winter (1984-198¢) in the San
Joaquin Valley.

Nature and Degree of Threat

The major threat to Spea hammondii is habitat
loss and fragmentation due to agriculture and
urban development. Other threats include inva-
sive species and climate change. Davidson et al.
{z002) found that currently occupied sites had
less surrounding urban development than extir-
pated sites. Extant pepulations also occur at
higher elevations than extirpated sites on aver-
age, possibly due to invasive species being more
common at lower glevation {Fisher and Shaffer
14906, Davidson et al. 2z002). Spes hammoendii is
sensitive to invasive species such as crayfish,
bullfrogs, and mosquitohish; hewever, many of
these species cannot persist in the highly
ephemeral breeding habitats 5. hemmondii uses
{Jennings and Hayes 1994a, Morey 2005), Bull-
frops have been documented to prey on 5. ham-
mandii (Morey and Guinn 992, Balfour and
Ranlet 2006}, although the impact of this pre-
dation on overall abundance is unknown.

Sper hanwnondii may be at risk from climate
change because breeding is dependent upon
temperature and rainfall cues, and larval devel-
optent requires ephemeral pools to persist long
enough to complete development {Morey and
Guinn 1992, Jennings and Hayes 1994a). Mean
annual temperatures are projected to increase
throughout the range of 5. hammondii, with
warmer winters and summers and earlier
spring warming expected {reviewed in PRBO
2g11}. The frequency of extremely hot days is
predicted to increase by up to 25 days per year in
some parts of the range (Bell et al. 2004). There
is less certainty about futuze precipitation pat-
terns, with estimates ranging from little change
to roughly 30% decreases in rainfall {Snyder
and Sloan zoo05, PRBO 2011}, Changes in tem-
perature and precipitation will likely affect ver-
nal pool hydrology (e.g.. Pyke 200¢) and may
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also affect the timing of breeding, though how
5. hammondii will respand to these chanpges
needs further study, The largely unsuccessful
early breeding observed by Ervin et al. {2005}
may be indicative of the kinds of mismatches in
environmental cues and breeding behavior that
this species may suffer under climate change.
The probability of large {200 ha} wildhres is
expected to change very little in the Central Val-
ley {Westerling and Bryant 2008). [n the mare
nerthern coastal part of the ranpe, the probabil-
ity of large fires is expected to increase {Wester-
ling and Bryant 2003}, and the area burned i3
expected to increase by up to 50% (Lenihan et
al. 2008). In the southern part of the range
where wildfire is conmon, there is little consen-
sus on future fire dynamics because of the dif
ficulty in modeling 5anta Ana weather events
{Westerling et al. 2004, Westerling and Bryant
2008). The largely subterranean lifestyle of $.
hammandii may make it relatively resistant to
the effects of Aire. However, wild fires occurring
during dispersal may be particularly detrimen-
tal due to direct mortality and habitat degrada-
tion and this issue requires more study, Vegeta-
tion shifts due to climate change are expected to
he modest in the Central Valley, where land use
is a more important determinant of habitat type
(FRBO zor11). Elsewhere in the range, chaparral
and shrublands are expected to decrease in area,
while grassland is expected to increase {Lenihan
et al. zooB, PRBO zorr). The impact of these
shifts may be modest as S. hammondi uses ail
of these habitat types.

Status Determination

Cngoing habitat loss and extirpations through.-
out the range of Spea hammondii warrant Priot-
ity 1 Species of Special Concern status.

Management Recommendotions

Remaining sites should be protected from
utban and agricultural development, with
emphasis on larger habitat blocks that allow for
more natural metapopulation dynamics to per-
sist. The fact that Spea hammondii readily breeds
in anthropogenic structures can be exploited ta



create breeding habitat in response to habitat
loss and potentially also to climate changes that
affect natural vernal pool phenology. Terrestrial
habitat is likely not so easily restored, and mini-
mizing ot eliminating disturbance around
breeding habitat would help protect adults (see
the “Monitoring, Research, and Survey Needs”
section). Efforts to remove introduced predators
from Lreeding habitat should be considered. In
some cases, cattle grazing operations may be
beneficial to 8. hammondii. Over 3 years in Sac
ramento County, Marty (200s5) found that
experimentally grazed vernal pools experienced
fewer drying and refilling cycles within a sea-
son, and had a longer maximum inundation
period (115 days) than ungrazed treatments (65
days) or treatments where grazing occurred sea-
sonally {55-73 days).

Monitaring, Research, and Survey Needs

Research is needed into terrestrial habitat use
(Jennings and Hayes 19043, Morey 2o005),
including juvenile dispersal, adult migration
patterns and distances, and the importance (if
any] of redent burrows for all age classes. Thig

information is important for determining how
much and what kinds of terrestrial habitat to
protect around breeding sites. For example,
Morey and Reznick (2001) found that the qual-
ity of juvenile terrestrial habitat in terms of
food availability compensated for stressful lar-
val conditions. Additional study on which envi-
ronmental conditions promote post-metamor-
phic survival will aid in management planning,
It is also unknown what proportion of adults
breed each year and how long individual adulis
spend at breeding sites (Morey 2004). Under-
ground habitat use is poorly known, including
feeding and dormancy patterns. Rermaining
papulations are likely highly fragmented, and
research is needed into connectivity among
papulations at both the local and the regional
levels; additional landscape ecology and genetic
studies would help determine patterns of dif-
ferentiation (Jennings and Hayes 1g9g4a).
Finatly, comparative studies of this species in
the Central Valley and southern California
would help determine the extent of biclogical
variation in life history patterns across this eco-
logical gradient.
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and colaration of the dorsal stripe, and their
ranges do nat averlap in California. Differenti-
ating larvae from co-occurring newts (Taricha
granudosa, T, torosa) requires careful attention.
MNewt larvae generally have small, narrow heads
and few gill rakers (5—7 on the anterior side of
the third gill arch), whereas A, macrodactylum
larvae have bread heads and g-13 gill rakers on
the anterior side of the third arch (Stebbins
2003).

Taxonomic Relationships

Ambystoma macrodactplum sigillatum is one of
five currently recognized subspecies of long-
toed salamander (Petranka 1998, Stebbins
2003). Ambystoma macrodoctylum has been
widely recognized as a distinct species since its
initial deseription by Baird {£854). Since this
time, a rumber of different species and subspe-
cies have been descrihed. The current five-sub-
species arrangement stabilized after the work
of Ferguson (1961), which described A. m.
columbignum {eastern long-toed salamander)
and A. m. sigillatum, as well as the work of Rus-
sell and Anderson (1956}, which described the
geographically iselated A. m. croceum {Santa
Cruz long-toed salamander) from Santa Cruz
and Monterey Counties. Ongoing genetic stud-
ies indicate that several of these subspecies may
watrant full species status [Savage zoo8).
Ambystoma macradectylum sigillatum veas
described based on the size, color, and pattern
of the dorsal band, as well as vomerine tooth
counts {Ferguson 1961}. Although it inter-
prades morphologically with A. m. celumbi-
anum at tbe northern edge of its range {Fergu-
son 1961), ongoing genetic analyses support
recoghition of A. m, sigiliatum as a distinct spe-
cies {Savage 2008).

Life History

Ambystoma macradactylum sigiligtum is a pond-
breeding salamander that often has a prolonged
larval stage. The life history of this taxan varies
widely depending on elevation and climate
(Petranka 1998). Here we have summarized
data for A. m. sigillatum, where possible, and
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described the variation present acrpss the spe-
cies where the life history is highly variable
and/or uncertain,

Adults emerge from hibernation and
migrate to breeding habitat after the first thaw.
Mating bepins shortly after adults enter the
breeding habitat, usually in May or June, with
lower-elevation populations usually being able
to breed earlier than higher-elevation popula-
tione (Anderson 1967, Howard and Wallace
1985). Elsewhere in the A. macrodactylum
range, primarily at low elevations where the cli-
mate is mild, breeding is not delayed by winter
freezes, so reproduction starts with the onset of
fall rains {Ferguson 1961, Nussbaum et al.
1683). As in other Ambypstoma species, mating
follows a pattern of courtship and spermato-
phore deposition. Fernales oviposit on vegeta-
tion, rocks, sticks, or directly on the pond bot-
tom 2-3 days following courtship and mating
{Anderson 1961, Stebbins 20a3). The eggs are
laid singly or in clumps of up to 100 eggs
{Petranka 1998, Stebbins 2003). The pattern of
egg deposition varies geographically in this
species: A. m. sigillatum tends to lay epps singly
ot in long loose clusters in relatively deep water
(Anderson rgGy), although this is variable.
Eggs hatch in 2-5 weeks, with longer incuba-
lion periods required at higher elevations and
lower water temperatures (Anderson 1967,
Nussbaumn et al. 1983, Petranka 19938). The lar-
val petied can be as shott as 5o days in tempo-
rary pools at lower elevations but may last 2
years in the highest elevations in permanent
pools (Nussbaum et al. 1983, Pilliod and
Fronzuto 2005). Size at metarmorphosis varies
widely from 2.3 10 4.8 cm SVL (Howard and
Wallace 1985). This species 1s able to tolerate a
relatively wide range of water temperatures,
with larvae overwintering under the ice at near
freezing temperatures but then selecting the
warmest areas available throughout the sum-
mer (up to 24.5°C). Presumably these tempera-
tures allow for more rapid larval growth and
development {Anderson 19GEb).

Ambystoma macrodactylum sigiilatum is a
generzlist predator, as both larva and post-



metamorph, that feeds on a variety of small
insects, crustaceans, and spiders {Anderson
19G8a). Larvae and males in the aquatic envi-
ronment will prey on zooplankton, insect lar-
vae, and small snails {Anderson 1968a, Nuss-
baum et al. 1983). In the lab, larvae are also
known to take frog (primarily Pseudacris) tad-
poles and conspecific larva [Anderson 1968a,
Nusshaum et al. 1983). Females apparently do
not feed in the aquatic environment, which
may simply reflect the short amount of time
they spend there during the breeding season
{Anderson 1968a).

Habitat Requirerents

Ambystoma macrodactylum, as a species, occurs
in a larger variety of habitat types than any
other salamander in the Northwestern United
States {Ferguson 1961, Nussbaum et al. 1983).
Suitable habitats for A. m. sigillatum include
arid grassland and sagebrush communities,
dry woodlands, coniferous forests, alpine mead-
ows, and a wide variety of intermediate habitat
types (Ferguson 19671, Petranka 19g&, Pilliod
and Fronzuto 2005). In some areas, this spe-
cies is abundant in disturbed apricultural areas
{Nussbaum et al. 1983). Elsewhere in the range,
landscape genetic studies indicate that popula-
tions that persist in highly modified habitats de
so with increased population isclation, probably
increasing susceptibility to local extirpations
{Goldberg and Waits zora).

Al high elevations (above 2450 m in the
Sierra Nevada and 2100 m in the Klamath
Maountaiug), where breeding occurs late and
larval development is pralonged, some popula-
tiong of A. m. sigillatum require permanent
water bodies for breeding because larvae aver-
winter prior 1o metamorphosis (Anderson 1967
K. Leyse, pers. comm.). If these overwintering
sites are shallow (1—2z m indepth), as is cormmon
in the Tahoe region of the Sierra Nevada, few
larvae seem to survive the winter {K. Leyse,
pers. comm., unpublished data). Spring-fed
water bodies may increase the likelihoad of suc-
cessful overwintering, though more data are
required to verify this. This subspecies also per-

sists far more readily in Ashless water bodies
(see the “Nature and Degree of Threat”
section).

The species is known to utilize hardwnond
forests, meadows, and granite slopes for upland
habitat. Further study on the extent and types
of upland habitat that this species requires are
needed.

Distribution [Past and Present}

Ambystoma macrodectylum sigitlatem ranges
from southwestern Oregon {south of the
Calapooya divide, Lane and Douglas Caunties)
through the Trinity Alps, Warner Mountains,
Sierra Nevada, and adjacent areas of northwest-
ern. California reaching as far south as Carson
Pass (Ferguson 1961, Brode 1967, Bury 1970a,
Pilliod and Fronzute 2005). The known eleva-
tional range for this taxen is from near sea level
to 3000 m {Stebbins 1966, Nussbaum et al.
1081}, although the distribution in California is
restricted to the higher end of this range. The
presence of isolated populations of the species
A macrodactplum in Santa Cruz and Monterey
Caunties, California [A. m. croceum), and in
southeastern Orepon supggests that the species
may have been historically distributed more
broadly throughout the west. [f so, the present-
day range likely reflects a range contraction as
climale has changed over the last several thou-
sand years.

Localized, present-day changes in distribu-
tion appear o be ongoing in several parts of
California. In the historically fishless Klamath-
Siskiyou bioregion, A. m. sigillatum are 44
times more likely to be present in lakes without
fish than lakes that contain fish. Because these
fish have been introduced during the last 150
years, it is likely that some lakes where A. m.
sigilatum does not occur represent Jocalized
extirpations as a result of fish predation {Welsh
et al. 2006). A similar pattern occurs in the
north central Sierra Nevada near Lake Tahoe.
Here, A. m. sigillatum are present in 92.3% of
hishless sites, but only 37.5% of fish-containing
sites {Leyse 20a5). [n the Klamath Mountains,
A. m. sigillatum was documented at 25 of 118
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sites in surveys conducted between 1999 and
aool. Salamanders were present at only 15 of
these sites when they were resurveyed in 2008
{K. Pope, pers. comm.). The overall geographic
extent of the A. m. sigillatum range appears to
still be intact, but it is clear that localized extir-
pations are occurring in several areas,

Trends in Abundance

Abundances of Ambystoma macrodactylum sigil-
fafum have declined throughout relatively large
areas of the California range. The Klamath
Mountain surveys described above decumented
4126,individuals at 25 occupied sites in 19gg-
acct but only 569 individuals at the 15 occu-
pied sites in 2008 (K. Pope, pers. comm.). Few
historical abundance data are available, but
overall current abundance of larvae at lower-
elevation sites appears to be low (K. Leyse, pers.
comm.}. Population genetic estimates of popu-
lation trends suggest that regional populations
exchanpe few miprants and that effective popu-
lation sizes are small {Savape et al. 2c10].

Nature and Degree of Threat

Trout introductions are the largest threat to
remaining populations of Ambystorme macrodac-
twum sigitfatum. Welsh et al. {zo00) found that
the absence of introduced fish was a major pre-
dictor of A. mi. sigillatum presence even after con-
trolling for other environmental variables. Aside
from the local effect of fish on individual water
bodies, fish introductions appear to affect A.
macrodactWum populations at the scale of entire
watershed basin. In Idaho, basins with highey
intreduced hish densities had significantly lower
densities of A, macredactpfum {Pilliod and Peter-
son zoo1), The authors postulated that much of
the remaining fishless habitat in fish-containing
bagins ig too shallow for most larvae o success-
fully overwinter and that the deeper, fish-
containing pools no longer acted as stable source
populations for the basin. This led to a destabili-
zation of normal scurce—sink dynamics, causing
declines throughout the entire basin. These
results suggest that the presence of fish at the
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basin scale is a Signiﬁcant conservation risk,
irrespective of whether patches of fishless habi-
tat remain within the basin {Pilliod and Peterson
2001}, Where A. m. sigilatum persist in the pres-
ence of fish, larval densities are very low both in
deeper fish-containing pools and in adjacent
fishless pools (K. Leyse, pers, comm.). When
larvae are found in fish-containing poals, they
tend to hide nnder rocks or are only eaptured in
overnight trapping, indicating that they may
alter their behavior in response to the presence of
predators (K. Leyse, pers. comm., though see
Tyler etal. 19g8). Declines due to the presence of
fish have also been documented elsewhere in A,
macrodactylum’s range (Liss and Larson 19097,
Liss et al. 19g5, Tyler et al. 19g%). In Montana,
introduced trout were linked to A. m. krause
extirpations. Salamander recolonization follow-
ing local trout extirpations strongly indicated
that trout were the actual causal apent of declines
(Funk and Dunlap 1959}

Climate change also poses a threat for A. m.
sigillatum. Many of the remaining pools that
this species utilizes are shallow. Projected
shifts to eatrlier and faster snowmelt in the
Sierra Nevada could have complex and possibly
negative effects on this species by changing the
hydrology of lakes and ponds (Cayan et al.
2008b, Franco et al. zour, PRBO 2011). As
many of these pools appear to be spring fed,
any changes to hydrology of the springs could
also have severe impacts {Leyse 2005).

Disease and environmental contaminants
may also pose threats for remaining populations
of A. m. sigiliatum, Lethal ranavirus infections of
A. m, sigillatum were recently detected in Lassen
Yolcanic National Park (Bunck et al. 2009). This
species is also susceptible to iridovirus infection
and exposure to airazine, a commonly used her-
bicide (Forson and Storfer 2006). Bd hag been
detected in a single adult salamander at Carter
Meadenw in Lassen Mational Forest, although the
load was low. Prevalence of Bd appears to be low
for this species and no evidence of die-offs ar ili-
ness due to this pathogen is known {K. Pope and
J. Piovia-Scott, unpublished data).



Status Determingtion

Ongoing serious declines in distribution and
abundance are the primary reasons for this Pri-
ority 2 status,

Management Recommendations

The presence of relatively deep fishless pools
appeats to be important ta the continued per-
sistence of this species, particularly at the high.
est elevations. As such, fish stocking should be
limited in areas where Ambystoma macrodacty-
lum sigilletum occurs, Where stocking does
occur, mitigation strategies outlined by Appen-
dix K of California Department of Fish and
Wildlife hatchery and stocking program envi-
ronmental impact report should be followed
(ICF [ones and Stokes z010).

Monitoring, Research, and Survey Needs

Declines due to fish predation have now been
amply demonstrated, so continued monitoring
orn the effects of fish predation is less important
than work related to fish removal. [f predaceous
fish can be successfully removed from areas sup-
porting this species, occasianal menitoring

should be undertaken to detect unauthorized
reintroductions, particularly in areas that experi-
ence high human impact and to decument re¢-
olonization dynamics by the salamanders. An
important management question centers on the
telative impor lance of permanent and temporary
pools b metapopulation dynamics across eleva-
tions. That is, it may be that at lower elevations,
temporary fish-free pools are the primary source
of successful recruitment, and deeper lakes can
therefore be maintained as fishing resources,
whereas at the highest elevations, the species can
anly persist if permanent, fish-frea habitats are
common. The type and extent of upland habitat
utilized by this species is also in need of further
study. In particular, the extent of upland habitat
that populations require in arder to persist has
not been studied in this taxon. Climate change
could also have different impacts on the upland
phase of the life cycle, in addition to the impacts
that are projected for the aquatic part of the life
cycle. In addition, populations are still under
considerable risk from disease, and monitoring
elforts focused on detecting the presence of
ranavirus and Bd should be continued.
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Aneides flavipunctatus niger could be con-
fused with the co-occurring arboreal salaman-
der (A. fugubris). Adult A, lugubris are grayish
to brownish above with yellow flecks that are
often concentrated on the sides, squarish toe-
tips, and a pale whitish venter {Stebbins 2003).
Juvenile A. f niger have green pigmentation,
while A. lugubris juveniles do not.

Taronomic Relationships

Aneides flavipunctatus niger is recognized as a
subspecies based on geopraphic isolation from
other populatiens, morphological and color
variation, and ecology (Myers and Maslin
1048). Allozyme studies by Larson {1980) and
subsequent reanalysis by Highton (2000) sug-
gested that A. £ niger is a distinct lineage. More
recent analyses of mitochondrial DNA data
supported the allozyme analyses and identified
another potentially distinct lineage of A. fla-
vipunctatus in the Mount Shasta Region {Rissler
and Apodaca z00%). Further genetic studies
are ongoing and should help resolve these taxo-
nomic issues. Current work is expanding sam-
pling throughout the range of A. f niger and
includes both mitochondrial and nuclear mark-
ers {5. Reilly, pers. comm.).

Life History

Little is published on the life history of Aneides
Aavipunctatus niger, and we therefore rely on
infermation from the northern subspecies, the
specked black salamander (A. f filavipunciatus)
when data from A. [ niger are lacking (see the
“Distribution” section). Angides lavipunctatus
Higer is a terrestrial salamander that can be
active year-round in streamside microhabitats
(Lynch 1974). Like the majority of salamanders,
it is most active on the surface at night, and
more so during rain events. Females lay epgs in
July or early August {Petranka 1998). In the
laboratory, field-collected A. [ favipunctatus
from Mendocino County stayed with clutches
until the young hatched (M. Staub, pers. obs. in
Staub and Wake 200%), but it is unknown
whether A. f. niger fernales also attend eggs in
the held. Lynch (1981) examined 11z adult
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fernales across the range of A. flavipunciatus
{including A. f niger populations) and found
that females carried 5-25 enlarged ovarian fol-
licles, with fecundity increasing with body size,
In the southern populations sarnpled in this
study (which would contain A. f siger samples),
an average-sized female was 63 mm SYL, with
an estimated clutch size of g (Lynch 1981). One
record of a natural clutch of A. f niger eggs was
found more than 20 cm belowground {van
Denburgh 1895}, Like many plethodontid sala-
manders, egpgs undergo direct development,
and fully formed. small juveniles appear ai the
sutface shortly after the onset of fall rains,
often in October or November (Lynch 1981}

Ma diet infermation has been published on
A, f niger. We presume that it is a generalized
predator of small arthropods and other inverte-
brates. Aneides flavipunciatus flavipunctaius in
northern coastal California are generalized
predators that eat small invertebrates, includ-
ing millipedes, beetles, termites, hymenapter-
ans, flies, and collembolans (Lynch 1g85).

Hatitat Requirements

Aneides flavipurciatus niger is restricted to
mesic forests in the fog belt of the outer Coast
Range (Myers and Maslin 1948). While sala-
manders in the genus Aneides are sometimes
quite atboreal, A. J. niger is a ground-dweller
(Myers and Maslin 1948). Aneides flavipuncia-
tus niger occuts in moist streamnside microhabi-
tats and is frequently found in shallow standing
water or seeps (Myers and Maslin 1948, Lynch
1074, 8. Barry pers., comm.), In these moist
microhabitats, A. [ niger has been found under
stones along stream edges and under boards
near creeks (Myers and Maslin 1048). Aneides
flavipunctatus niger also occurs in talus forma-
tions or rack rubble {S. Reilly, pers. comm.).

Distribution (Past and Present)

Aneides flavipunctatus miger is endemic to Cali-
fornia and has a small range in the woodlands
of the Santa Cruz Mountains in western Santa
Clara, northern Santa Cruz, and southernmost
San Mateo Counties. Angides flavipunciatus



flavipunctatus occurs from Scenema County
north aleng the coazt into southwestern Oregon
and east to Shasta County (Stebbins z003).
Museum specimens exist for the Santa Lucia
Mountains {LACM 141882-141883); however,
we are unaware of other records for this region,
and recent searches in this area have not been
successful (5. Reilly, pers. comm.). Lynch
(1981} reported that almnst all lecalities of A
flavipunctatus (including sites within the range
of A. [ niger} occurred below oo m elevation
in mesic forests that do not experience sus-
tained freezes,

Some populations of A. {0 niger have pre-
sumably been lost to development. Such losses
are most likely to have occurred along the east
slope of the Santa Cruz Range as older ranch-
land has been converted to subdivisions (S.
Barry, pers. comm.). Haowever, there is very lit-
tle documentation of the historical distribution
of this taxon.

Trends in Abundance

As for many plethodontids, documenting abun-
dances is exceedingly difficult because Aneides
flavipunctatus niger spenids the majority of its
time underground. No reliable population esti-
mates exist for any sites, and therefore no
declines in population abundance have been
quantitatively documented. Some declines are
likely to have taken place due to development
and disturbance within the limited peographic
range of this taxon. Aneides flovipunciatus niger,
is reported 1o have been abundant and easily
found in the late 19503, relatively abundant in
the 1g70s, and difficult to find in recent years
{D. Wake, pers. comm.). Range-wide sampling
efforts over the last few years have yielded only
a handful of specimens (<15) at a few sites,
including the UC Santa Cruz campus {S. Reilly,
pers, comtn.}. This anecdotal evidence sug-
gests that declines may have occurred and are
possibly ongoing,

WNature and Dagrse of Threat

Aneides flavipunceatus niger habitat is vulnera-
ble to the eflects of logging, spring capping,

and roadbuilding. The Peninsula Open Space
Trust has acquired some of the vulnerahble prop-
erty in the northern part of the range, but there
15 51ill some risk of further ranchland subdivi-
sion (http:/f#ww.openspacetrust.org; 5. Barry,
pers. comm.). Climate change may pose same
threats to this taxon, particularly given its smnall
rarige and habitat specificity. Within the range
of A. f miger, mean annual temperatures are
predicted to increase, though little change is
expected in precipilation (reviewed in PRBO
aorr). If conditions become significantly
warmer and drier, this may affect opportuni-
ties for surface activity, although use of moist
streamside mirrehabitats may minimize this
effect. The frequency and size of fires in the
Coast Ranges is expected to increase up o 50%
by the end of the century, although impacts on
the forested habitats used by A. f niger are likely
to be less severe than in more open habilats
(Fried et al. 2004, Lenihan et al. 2008, Wester-
ling and Bryant 2008). The extent of grassland
vepetation is predicted 1o increase, and forested
areas are predicted Lo decrease within the range
of A. [* niger, which may negatively affect habitat
availability {Lenihan et al. zo008).

Status Determination

Aneides flavipunctatus niger ig an endernic sala-
mander with a small geographic range in an
area with some risk of addiiional development.
However, ongoing declines and population
losses have not been well documented, result-
ing in a Priority 3 designation.

tdanagement Recommendations

Further protection of habitat is key for manag-
ing this taxon. In particular, special attention
should be given 1o preserving forests, stream-
side and spring microhabitats, and natural
talus formations within the Santa Cruz Moun-
taing and to maintaining and enhancing con-
nectivity between habitat patches,

Monitoring, Research, and Survey Needs

Basic ecological and life history information is
almost entirely lacking for this taxon, as are
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estimates of current population abundances,
limiting our ability to make more specific man-
apement recommendations. Surveys of micro-
habitats such ag streams and seeps in forested
areas should be conducted, though disturbance
of microhabitat in order to find animals needs
to be balanced with concerns regarding contin-
uing decline. These surveys may be more effec
tive if artificial cover objects are placed in suit-
able habitat, allowing for more comparable
survey efforts among localities and increased
detectability, Animals are most likely to be
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encountered at night when surface conditions
are moist, Surveys are needed to establish esti-
mates of abundance and to monitor population
sizes over time. Upland terrestrial habitat usage
is pootly known, and upland surveys wauld be
useful for determining whether riparian buff-
ers would be beneficial for Aneides Bavipuncia-
tus niger. Ecological andfor genetic studies of
movement ecology and landscape genetics
waould be useful for understanding connectivity
among populations and the permeability of dif-
ferent vegetation types.









but have fve toes on the hind feet rather than
four, as is the case in Batrachoseps (Stebbins
2003).

Taxoromic Refationships

This species is a member of the Plethopsis sub-
genus of Batrachoseps, which alse includes the
Cregon salamander (B. wright) from north cen-
tral Oregon, and B. robustus from the Kern Pla-
teau and western margins of Owens Valley in
eastern California {Wake etal. 2002). Plethop-
sis can generally be characterized as a stout,
robust group of Batrachoseps with relatively
broad heads, Batracheseps campi is morphologi-
cally distinguishahle from other Plethopsis
based on the presence of silvery iridophares,
lack of dorsal stripe, and lack of white fAecks
ventrally {Marlow et al. 1979, Wake et al. 2zo0z,
Stebbins zoos). In addition, the species is
genetically distinct at allozyme and mitochon-
drial loci (Yanev 1978, Yanev and Wake 1981,
Jockusch and Wake 2002}

Life Histary

The life histary of Betrachoseps campi is in need
of further study. [ts habitat differs somewhat
from other closely related Bairzchoseps species
(e.g.. B. robustus, B, wrighti}, but information
from these taxa is still likely 1o apply to B. campi
in several respects. Surface activity occurs at
night {Macey and Papenfuss rggra) during
which time the species presumably feeds on a
variety of small insects. A life history study of
the species is likely to provide important infor-
mation for future management.

Habitat Requirements

Batrachoseps campi appears to be largely
restricted to small patches of riparian habitat
associated with perennial springs and lime-
stone figgures in canyons of the Inyo Moun-
tains. Lacalities where this species has been
found contain wet rocks and fssures in close
ptoximity to perennial water {Hansen and
Wake zo0as5a). Salamanders are usually found
under wet rocks or in clumps of moist ferns or
other cover (Hansen and Wake 2005a). The

species retreats into fssures and rock crevices
when surface conditions are not favorable, Hab-
itat surrounding these localized springs con-
gisls of Mojave Desert and Great Basin vegeta-
tional associations, which are unsuitable for the
species. Individuals have only been found away
from immediate proximity to lowing water at
high-elevation sites in areas of pinyon—juniper
woadiand [Giuliani 1996, Hansen and Wake
26654).

Distribution (Past and Presernt)

Batrachoseps campi is known from a small
nurnber of localities on the eastern and western
slopes of the [nyo Moumtains (Jennings and
Hayes 1904a), aithough additional pepulations
(presumably few] may be discovered in cur-
rently unsurveyed sites (Hansern and Wake
2oosa). The known elevational range of the spe-
cies extends from 490 to 2600 m {Macey and
Papenfuss 19913, Hansen and Wake 2005a).

Trends in Abundance

Populations may have declined or been extir-
pated at a few sites due to habitat medification,
though population abundance data are essen-
tially lacking {Papenfuss and Macey 198a).
Although data are scarce, most known popula-
tiong appear to be stable.

Nature and Degree of Threat

The primary threat to this taxon is habitat mod-
ification. The overall species range is very small
{<20 ha tota] occupied habitat) and within that
range ronsists of very small, igolated patches of
suitable habitat (Hansen and Wake z005a). The
populatiens in each of these patches are iso-
lated, so recolonization following extirpation is
unlikely {Yanev and Wake 1981). Flash floods
have scoured the canyon bottems at some local-
ities, destroying the riparian habitat, though
salamander populations appear to persist and
slowly recover (Giuliani 1996, Hansen and
Wake z005a). Damage to the sensitive riparian
microhabitat from the capture and coutain-
ment of springs (spring capping), mining,
water diversion, and feral burro activity has

INYD MOUHTALINS SALAMANDER 149



occurred at other lacalities (Papenfuss and
Macey 1986). Much of the species' range is
unprotected and is vulnerable to further
modihcation.

Status Determinotion

Due to its snall range size and isolated popula-
tions, this species i3 inherently vulnerable to
decline. The springs that are essential to its
existence are scarce within the species’ range
and are vuinerable to impacts from water diver-
gion and habitat degradation from humans,
livestock, and feral mammals. There are few
data on the habitat requirements of this species
and the extent to which the isolated population
can withstand these impacts, For all of these
reasons, a Priority 3 status is justified.

Muonagement Recormmendations

The primary management priority for Baira-
choseps campt is to protect existing habitat. Res-
toration of degraded habitat would be helpful.
Howevet, given the dearth of information on
habitat requirements, it is very difficult to know
what kinds of restoration would most benefit
the species. Thus, restoration efforts need to be
informed by the research and monitering
efforts outlined below. Until that time, the
riparian areas around desert springs should be
protected from modification, specifically with
respect to changes in hvdrology and vegetation.,
Some populations, such as the one at Barrel
Spring, Inyo County, California, are likely to ba
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sensitive tn relatively minor chanpges in hydral-
ogy (D. Wake, pers. comimn.).

Monitoring, Research, and Sursey Needs

While the key management priority for this
species is simply to protect habitat and mini-
mize disturbances, restoration efforts would
require basic research on the size, habitat
requirements, and occupancy of sites through-
out the species’ limited peographic range. [n
the course of this work, surveyors would need
to undertake basic life history research to
gather information on population sizes {both
census and genetically determined effective
population sizes), yearly activity cycles, habitat
occupancy, and basic ecological data. Because
habitat protection alone is likely to be sufficient
to safeguard this species, it may be best to carry
out this work only in areas where disturbance
to the habitat can be minimized,

Additional desert spring habitat near the
known distribution needs o be searched during
times when surface moisture is high enough o
bring salamanders to the surface, although
minimizing damage to these rare habitats is a
critical priority. Higher-elevation populations
may be more dispersed across the landscape,
and surveys should take this into account. Moni
taring efforis need to bhe initiated at localities
that have experienced habitat degradation to
quantify the ability of Batrachaseps campi to tol-
erate habitat chanpes that occur as gprings are
managed for human or livestock needs.
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Batrachoseps minor Jockusch, Yanev and Wake 2001

Status Summary

Batrachoseps minor is a Priority 1 Species of
Special Concern, receiving a Total Score/Total
Possible of 71% (78/11a). This taxon had not yet
been described at the time of the previous Spe-
cies of Special Concern revision and was there-
fore nat evaluated.

identificotion

Salamanders in the genus Batrachoseps are gen-
erally characterized as elongate, slender pletho-
dontid salamanders with extremely reduced
limbs, elongate, worm-like bodies, and
extremely long tails that are often longer than
the 5¥1 of the animal. Many species have been
identified in the last two decades, many of
which are morphologically cryptic and some of
which have extremely small ranges. Batm-
choseps miner is the scnallest species of Batra-
choseps (up to 3.4 cm SVL). The coloration is
dark blackish brown on the sides and dorsum,
sometimes with a lighter brown or tan dorsal
stripe along the back {Stebbins 2003). Dense

white speckles are present on the ventral gur-
face {Jockusch et al. 2001).

This species is morphologically similar to
the more commaon and microsympatric blacks
bellied slender salamander (B. nigriventris),
though its lirnbs and feet are relatively more

Lester Slender Salamander: Rigk Factors

Ranking Criteria {Maximum Score} Score
i.Range size (10) 10
ii. Distribution trend {25} 10
iii. Population concantration/migration (10) ©
iv.Endemism (10) 10
v.Ecological tolerance (16) 3
vi, Population trend {25) 23

vii. Vulnerability to clirmate change (10) 10
viil. Projected impacis (10) 10
Total Score 78
Total Possible 110

Total ScorefTotal Possible .71
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robust (Hansen and Wake zoosb). Subadults,
in particular, can be difhcult to tell apart in
these species, particularly in some preserved
gpecimens. Molecular identification may be
required in some of these cases.

Taxonowmic Relationships

Batrachaseps minor was previously included in
B. pacificus {sensu lato). Populations now
regarded as B. miror were recognized largely on
the basis of mitechondrial DNA and allozyimes,
though same morphological features distin-
guish this species from other members of
the B. pacificus complex {Jockusch et al. 2001]).
Batrachoseps minor is closely related to the San
Simeon slender salamander (B. incognitus),
and the garden slender salamander (B. major)
{Jockusch et al. zoo1, Jockusch and Wake
200z},

Life History

The life history of Batrachoseps miror has not
been studied. The species presumably feeds on
very small insects and other terrestrial inverte-
brates and exhibits similar ecological character-
istics as other members of the B. pacificus
complex.

The species is microsympatric throughout
the entirety of its range with B. nigriventris,
which is both more widespread and more com-
mon than B. miner within the ranpe {(Hansen
and Wake 2005b]. Tt is possible the B. nigriven-
tris ecologically replaces B. minar at lower eleva-
tions (Hansen and Wake zoo5b), though the
extent or effects of competition between these
species has not been studied.

Habitat Requirements

Balrachoseps minor is found on steep north
and east-facing mesic slopes within its known
range (Jockusch et al. 2001). Known lozalities
have a canopy of oak, tanbark, madrone, and
laurel with a poison oak thicket understory (5.
Sweet, pers. comm.). These sites remain damp
much longer than surrounding slopes, and are
2-7"C cooler at the lirter/sail interface (5.
Sweet, pers. cotnm.), Very few localities are

known, and habitat requirements need further
study.

Distribution (Past and Present}

Batrachoseps minor is found only in nerth can-
tral San Luis Obispo County. It is present in the
southern part of the San Lucia Range above
400 m, ranging from the vicinity of Black
Mountain snuth and east into the Pasn Robles
and Santa Rita drainages (Jockusch etal. 2o01).
Populations farther south have been assignhed
to this species based on morphology and molec-
ular information {E. Jockusch, pers. comm.}.

Trends in Abundance

This species was apparently once common
within its range. Many specimens were collected
throughout the 1970s before the species was
described, but the species subsequently became
tnuch more difficult to ind {Jockusch et al.
zo01; D. Wake, pers. comm.). Few specimens
have been reported in the literature in the last
decade, although several unreported sightings
are known, and populations may now be increas-
ing to some degree (Hansen and Wake zaash;
E. Jockusch, pers. comm.; D. Wake, pers. comm.;
S. Sweet, pers. comm.). During 1g971—19773, field
crews associated with the Museum of Vertebrate
Zoology underlook 10 feld trips that collected
aGs5 Batrackoseps from sites known to support B.
minor. This collection comprised za6 B. minor
(7% of the total) and 59 B. nigriventris (5. Sweet,
pers. comm.}. In 12 surveys conducted since
1011, 27 B. minar have been found along with 6o
B. pigriventriz (3195 of the total; 5. Sweet, pers.
comm.}, suggesting that the frequency with
which B. minar is detected relative 1o B, nigriven-
tris has decreased and that the total number of
Batrachoseps found is smaller today than it was
previously. Mo obvious changes in habitat or
plant cover between the early 19v0s and the
present that might explain these changes have
been observed {S. Sweet, pers. comm.).

Nature and Degree of Threat

Little information is available concerning any
aspect of the biology of this species, making
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threats difficult to characterize with certainty.
Some habitat modification resulting from land
conversion to vineyvards has occurred within
the range, and the invasion of exotic plants has
caused changes ta the understory in some areas
{Hansen and Wake zoosh; D. Wake, pers.
comm.}; both of these factors are presumably
detrimental to the species’ persistence. That
said, the extent to which such land conversion
has occurred has been disputed (5. Sweet, pers.
comim.} and a large amount of apparently suit-
able habitat still remains in the general region.
The species was formerly detected in large
numbers at wineries {Hansen and Wake 2005b;
E. Jockusch, pers. comm.; D. Wake, pers.
comm.). Other factors contributing to the
declines deserve further study, As this species
seems to be limited to zelatively mesic areas
within its range, changing hydrology and tem-
perature associated with climate change has
the potential to render much of the current
habitat unsuitable for this spe¢ies. The marked
declines in abundance over the last few decades
may indicate a degree of sensitivity to habitat or
climatic conditions or, alternatively, may simply
represent 2 temparary and cyclical decline asso-
ciated with moderate-term changes in climate
(rainfall specifically; 5. Sweet, pers, comm.).
Here, we interpret the observed pattern with
precaution in mind, treating the documented
declines in ahundance as 1ral and noncyclical,
but acknowledging that an alternative possibil-
ity exists and that further study and published
data are needed.

Status Determination

Batrachoseps miner is a California endemic and
has an exceedingly small geopraphic range,
Large apparent declines have occurred since
the 1970s, and the threats to this taxon are
pourly understood, leading to a Priority 1
status.

Management Recommendations

Given what is currently known about this spe-
cies, little can be done in terms of manage-
ment. Few sites have been confirmed {using
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molecular data) to support Batrachoseps minor,
and these gites ghould be protected from fur-
ther medifcation that is likely to be detrimen-
tal te salamander pepulations. Additional
information on the range, habitat require-
ments, and environmental sensitivity of the
species is needed to help guide future
management.

Monitoring, Research, and Sunvey Needs

Batrachoseps minor is poorly known biologically,
and published accounts of even the most basic
habitat and ecological data are largely lacking
for the species. Additional and ongeing surveys
for this taxen are needed o help deter mine its
range, both geographically and ecologically.
However, carelul attention needs to be paid to
effective identification of specimens that are
found. Berause B. minor is so similar in appear-
ance lo B. nigriventris, and the two species
ocenr in microsympatry, surveyors need to
have extensive experience distinguishing dif-
ferent Batrachoseps species from each other.
Subadult specimens of B. minor may require
molecular identification unless and until feld-
validaled merphological characters can be iden-
tified. Ag the status of remaining populations
is unknown, a reasonable management policy
would be that no Batrachoeseps from the known
ot suspected range of B. minor be removed
from the wild unless the collector has extensive
experience identifying these species, Rather,
individuals should be pholographed and non-
destructively sampled, preferably by removing
a small portion from the end of the tail {~2
mmy} and genotyped to establish identification.
If a few replicate DNA sequences from both
the nuclear and mitochondrial genomes could
be established as reliable barcoding genes,
DNA typing could be accomplished quickly
and inexpensively. Surveys should take place
when surface conditions are appropriately
moist to enhance the likeliheod of finding pop-
ulations of this elusive salamander. The
chances of finding B. minor without disturbing
its natural habitat would likely be increased by
establishing a transect of artificial cover objects
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(plywood boards) throughout the known range,
Nighttime surveys during rain events might
alsa be productive. In addition, nearby areas
should continue ta be surveyed for this species.
as its distribution could potentially be larger,
both ecolopically and geographically, than
is presently known. Higher-elevation areas,
such as those in the vicinity of Santa Rita and
Old Creek Road, San Luis Obispo County,
shonld be surveyed if access to private land
in these areas can be esiablished. It is possible
that the known localities occur near the
lower elevational range of the species, and
larger poputations exist at higher elevations
{E. Jockusch, pers. comm.). Recent and

tepeated surveys in some of these areas have
failed to detect this species, which supgests
elevation may not be an impertant factor (S.
Sweet, pers. cornm. ). Nevertheless, the species
is clearly leas detectable than it was decades ago
and additional published data are needed to
better characterize the known distribution and
abundance. Additional research into potential
causes of the declines in detectability should
also be pnrsued. In particular, screens of
museurn specimens for the presence of patho-
genic fungi might be fruitful (D. Wake, pers.
comim.}, as could study of decadal scale climate
and rainfatl patterns within the species known
range {5, Sweet, pers, COMLIN.J.
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Breckenridge Mountain populations {Jockusch
et al. zo12).

Several other species of Batrachoseps occur in
the same region of the southern Sierra Nevada,
and geographic range is the best way to distin-
guish animals in the field. Individuals from the
upper Kern River Canyon [Greenhorn Moun-
Llains slender salamanders. B. allasierrge) that
were previously considered a part of B. relicius
(see the "Taxonomic Relationships® section}
have relatively longer trunks, smaller heads,
shorter limbs, and smaller feet (Jockusch et al.
2012). Fernale B. altasierras have fewer maxillary
teeth, and the vomerine teeth in both sexes are
patchily distributed, compared to being arranged
in rows in B. relictus (Jockusch et al. 2012).

[n the lower Kern River Canyon, the range
of B. relictus overlaps with Kern Canyon slender
salamanders {B. simatus) and the yellow-
blotched ensatina (Ensatina eschscholtzii crocea-
ter; Brame and Murray rgG8). Unlike B, refic-
fus, B. simatus is not closely associated with
water, and populations of B. relictus at eleva-
tions where B. simatus occurs are likely extir-
pated (see the “Distribution” section). Ensatina
eschscholtzif croceator is a larger, more robust
salamander and is easily distinguished by con-
spicuous yellow blotches on the dersum and a
much Yarger body form {Stebbins 2007).

Taxonomic Relationships

The populations included in Batrachoseps relictus
have changed considerably since its original
description. Brame and Murray {1608} consid-
ered several geographically disjunct populations
as belonging to B. relictus, most of which are
now recognized as distinct species {Yaney 1978,
Yanev 1980, Jockusch et al, 1998, Wake and
Jockusch 2000, Jockusch et al. zoar). Popula-
tions in the Sierra Nevada from the Mearced
River to the Kern River were considered a part of
the relictus group (Yanev 1980) and were split
into four allopatric species by Jockusch et al.
{rgo8). At that time, B. relictus was thought 1o
range from the Tule River drainage to the lower
Kern River Canyon, including populations in
the Greenhorn Mountains {Jockusch etal, 1998,

158  SALAMANDERS

Jockusch and Wake 2002). Since then, popula-
tions from the upper Kern River have been
found to be morphologically distinct from sala.
manders at the B. relictes type locality, and have
been described as the new species B. altasisrrae,
the Greenhorn Mountains slender salamander.
(Jockusch et al. zarz). Populations of Batrz-
choseps on Breckenridge Mountain were discov-
ered in tg7g. Jennings and Hayes (1g¢4a) desig-
nated this putative taxon as a Species of Special
Concern. Recent morphometric analyses have
shown that populations from Breckenridge
Mountain are most similar to B. relictus from the
type locality, and are now included as B. relictus
(Jockusch et al. 2012). Given the description of
the new taxon B. gltasierrae, the classification of
Breckenridge Mountain populations as B, relic-
tus, and the presumed extirpation of the type
locality (see the “Distribution” section), extant
8. relictus only occur on Breckenridge Mountain
under the current taxonomic arrangement.

While we follow the recommendations of
Jockusch etal. (2012) to recopnize Batracheseps
from Breckenridge Mountain as B. relictus, it is
important to note that their phylogenetic analy-
ses of mitochondrial DNA show these papula-
tions as riested within B. simatus, the Kern
Canyon slender salamander. Jockusch et al.
(zo12) argued that allezyme data and unpub-
lished nuclear data recovered a different pat-
tern that corroborated the distinctiveness of B.
relictus, and that the mitochondrial DNA results
were potentlally explained by introgression
from B. simatus into B. relictus. This interpreta-
tion appears to be reasonable. However, given
the complexity of this group, it remains passi-
ble that additienal work may lead to further
LaXOnomic eyisions,

Life History

Very little is known about the natural history of
Batrachoseps relictus, and much of the ecological
literature published under this name refers to
what is now classified as B. altasierroe. Batra-
choseps relictus on Breckenridge Mountain
(17¢¢ 2000 m alevation) have been found sur-
face active under cover objects from May 1o early



October {[ockusch et al. 2o012). At lower eleva-
tions in the Kern River Canyon, animals have
been collected between January and May, sug-
gesting that surface activity is possible over most
of the year and varies with elevation. Association
with aquatic microhabitats likely facilitates
extended periods of surface activity {see the
“Habitat Requirements” section). Like other
plethodontid salamanders, B. relictus is a direct
developer that lays terrestrial eggs. Females have
been found with yolked ova or egps in May and
June {Jockusch et al. zo12). A communal nest
with roughly 125 eggs and 20 adults was discoy-
ered beneath a rock in a seep during June 1979 at
the high-elevation site on Breckenridge Moun-
tain {R. Hansen, pers. obs., in Jockusch et al.
2012; observation incorrectly ascribed to B. sima-
tus in Stebbins 1085), Diet has not been studied
in B. relicius. Presummably they use their projectile
tongues b catch small invertebrates, as do other
Batrachoseps species {Hansen and Wake 2005¢).

Habitat Requirements

[ndividuals from the type locality in the lower
Kern River Canyon have been found associated
wiih perennial springs, seeps, and small creeks
in oak woodland below 750 m (Hilton 1948,
Brame and Murray 196G8). This close agsocia-
tion with water was described as “semiaquatic”
Ly Brame and Murray {1g68). Animals have
been found under cover objects with water
beneath them and cbserved in the water {Hilton
1948, Jockusch et al. zo12). On Breckenridge
Mountain the dominant vegetation type at
extant localities is pine—fir forest {Jockusch et
al, zo12), East of Squirre} Meadow at 2000 m
elevation, Batracheseps relictus is typically asso-
ciated with a small seep and sandy or gravel
substrate (Jockusch et al. 2012). Use of upland
habitat away from water is unknown, but two
adults were found 45 m upslepe from seep habi-
1at at the Squirrel Meadow site {Jockusch et al.
a012z), At Lucas Creek, the lower-elevation
extant locality on Breckenridge Mountain
(1665 m), all B. relictus to date have been found
under cover objects aleng a 750 m stretch of
stream (Jockusch et al. zorz).

Distribution {Past and Present)

The type locality is in the lower Kern River
Canyon, 150 yards above the junction of state
Highway 178 and the road turnoff to Democrat
Hot Springs and Resort {Brame and Murray
1968). Despile repeated, careful searches, Bat-
rachoseps relictus have not been seen at the type
locality since 1970 {Jockusch et al. 2012; incor-
rectly reported as 1971 elsewhere). Extirpation
of the type locality may have been caused by the
degradation of the sensitive seep and spring
habitat due to the construction of Highway 173
(Hansen 1988}). With the presumed extirpation
af the type locality, B. relictus is now thought to
be restricted to twa localities on Breckenridge
Mauntain, and has the smallest known range
for any described species of Batrachoseps. Popu-
jations north of the Kern River including the
Greenhorn Mountaing are no longer consid-
ered a part of B. relictus (see the “Taxonomic
Relationships® section). The known elevation
range is from 480 min the Lower Kern Canyon
River up to zeoo m on Breckenridge Mountain
{Jockusch et al. 2012).

Trends in Abundance

Declines are suspected at cne extant site, the
area east of Squirrel Meadow on Breckenridge
Mountain. The locality was first discovered in
1979 but later depraded by canstruction of a
logging road through Batracheseps relictus habi-
tat. Salamanders were not seen at this site for
two decades, with declines presumed to be due
10 habitat depradation from read construction,
wildfire, and timber harvest (Jockusch et al.
2012}, More rerent surveys of the site have
found that populations appear 1o be rebound-
ing to some degree (Jockusch et al. 2012).
Whether such variation in abundance over time
is typical, due to detection difficulty, or actual
anthropegenic declines is unknown.

Nature and Degree of Threat

The major threat 1o Batrachoseps relicius is habi-
tat degradation, particularly of sensitive spring
and seep habilat. Climate change is expected to
increase temperatures in the Sierra Mevada,
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althcuph chanpes in precipitation and fire
regime are highly uncertain and large regional
variation is expected across the mountain chain
and at diflerent elevations {reviewed in PRBO
2o11}. If conditions become warmer and drier,
this would presumably negatively affect B, relic-
tus populations, although rnicrahabitat charac
teristics ave likely key to determining surface
activity and population stability. Large reduc
tions in snowpack are predicted for the Sierra
Wevada (reviewed in PRBO 20171), which may
decrease the availability of streamside habitat
for B. relictus,

Status Determination

The extremely limited geagraphic range of Bat-
rachoseps refictus, the small number of known
extant populations, and apparent extirpation of
the type locality coniribute to a Priority 1 Spe-
cies of Special Concern desipnation for the
species.

Moanapgement Recommendations

Protecting the two remaining localities fraom
habitat degradation is critical to the persistence
of Ratracheseps relictus. Given the extremely
sensitive and restricted range of the species,
any habitat modification should be avoided
where the species still occurs. Road construe
tion should be avoided, and road use and main-
tenance activities should be restricted, or ide-
ally eliminated altogether. Timnber harvest and
use of heavy equipment in ot near seeps and
streams should be eliminated, [F the type local-
ity is confirmed to be extirpated, then repatria-
tion of the species to the type locality may be
appropriate. However, the lack of genetic infor-
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mation from this site (moe penetic samples exist)
and the overall state of flux in the classification
of southern Sierra Mevada Betrackoseps may
argue against such reintroductions pending
further molecular systematics work on the
group as & whole, Although the extent and use
of upland habitat is unknown, protection of
riparian buffers would almost certainly benefit
this species in disturbed areas. In addition, it is
prebally reasonable to assume that livestock
grazing should be eliminated from areas where
the species still occurs, at least until field eco-
logiral studies indicate that grazing is compat-
ible with the salamander’'s habitat
requirements.

Meonitoring, Research, end Survey Needs

Basic life history and pepulation biology infor-
mation is severely lacking for this species, and
represents a critical research need. A key sur-
vey need is to attempt to lecate additional popu-
lations, particularly at mid-elevations on Breck
enridge Mountain, which are largely unexplored
{Jockusch et al. 2012). Hiph-priority sites {or
surveys include streamnside and seep habitats
on the north face of the mountain. Monitoring
should centinue at the lower Kern River Can-
yon localities to confirm extirpation. Popula-
tiens at the higher-elevation Breckenridge
Mountain locality went undetected for many
years, and it remains possible that animals
could be rediscovered at the type locality, If so,
the collection of genetic samples would be
invaluable to support or refine the current tax-
onomy of the species, and to help determine
patterns of connectivity among remaining
populations.









eyve stripe behind each eye, and the snout is
depressed (Petranka 1998). The toe tips of lar-
vae are black and cornified (Petranka 1g9q8),

In California, [ ensatug is largely indistin-
guishable from the more widely distributed
coastal piant salamander (D. tenebrosus) based
on rorphology alone. However, both geo-
graphic range and genetic markers distinguish
these two species.

Taxanomic Refaticnships

Good (1989 split California Dicamptodon into
two species, D. tenebrosus in the north and D.
ensatus in the south, on the basis of allozyme
data. A 4.7 km hybrid zone exists between the
two species approximately 1o km north of
Gualala in Mendocinoe County {Good 1989).
Otherwise, the two species are allopatric.

Life Histary

Adult Dicamptedon ensagtus are terrestrial and
return to streams to breed during the fall rainy
geason {Kessel and Kessel 1943a) and in the
spring (Stebbins z003). One D. ensatus nest of
approximately 70 epps was found under a sub-
merged wooden plank in a rapidly Aowing
streamn in the Santa Cruz Mountains, San
Mateo County, during June {Henry and Twitty
1940). Female D tenebrosus puard nests
through hatching {Nussbaum et al. 1983}, and
an adult female D, ensatus was found near the
Santa Cruz Mountains nest {Henry and Twitty
1940], suggesting that both species may guard
their eggs. Eggs in early developmental stages
are pure white and approximately 5.5 mm in
diameter {Petranka 1993}. The larval stage
lasts approximately 18 months, with larvae
growing &—12 mm in TL per month during the
warmer months in their first year. Larvae reach
10 cm TL within a year of hatching and meta-
morphose in late summer at 13-14 cm TL
{Kessel and Kessel 19432, Kessel and Kessel
1943b, Kessel and Kessel 1944}, The prevalence
of paedomerphosis in this species is unknown,
although it can be quite common in D.
tenebrosus. A paedomorphic population of D,
ensaius hag been reporied from caves on the UC

Santa Cruz campus (B. Sinervo, unpublished
data).

Bury {1972) reported gut contents of 12
adulis from Drel Norte, Humbolde, and Marin
Counties {i.e., a mix of D. ensatus and D. tene-
brosus). Eight out of 12 specimens contained
one or more vertebrates, including California
slender salamanders (Brtrachaseps aitenuaius),
lizards, mice, shrews, and voles. Other prey
included larpe invertebrates such as land snails
and smaller invertebrates such as beetles and
crickets {Bury 19yz). Cannibalism has been
documented in adults {Anderson 19G0o). No
diet data from larvae are available for this spe-
cies, though they are presumed to have similar
diets to Jarval Dn lenebrosus {Petranka 1908),
which primarily consume aquatic insects and
other invertebrates {Parker 1994).

Habitat Requirernents

Dicamptadon ensatus occurs in mesic coastal
forests {oak woodland and coniferous forest;
Petranka 1998), and coastal chaparral habitat is
used in southern Marin County and San Mateo
County (N. Waters, pers. comm.}. Very little is
known about terrestrial habitat use by adults
and metamorphs, although adults are occasion-
ally found surface active or under cover objects
in wet conditions {Petranka 1998). One unu-
sual record exists of an adult I}, ensatusin a tree
vole [Arborimus pomo) nest z.4 m off the
ground, the only account of arbereality in this
species (. Hamilton and W. Roberts, unpub-
lished data in Forsman and Swingle 2007).

Breeding and larval development occurs in
cold permanent and semipermanent streams
{Petranka 19g&). Larval habitat use is poorly
studied. [n ane stream, small larvae were found
in slow-moving water near the banks during
heavy flows, and as flows decreased they moved
itto the main strearn channel where larger lar-
vae occurred [Kessel and Kessel 1943a, Kessel
and Kessel 1943b].

Distnbution (Past and Present)

Dicamptedon ensatus is endemic to California,
eccupying a small range fram sea level to
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goo m in elevation along the coast in two iso-
lated areas near San Francisco Bay {Stebbins
20a3). North of the Bay, they occur in the cuter
Coast Ranges from near the southern border of
Mendocine County south through Marin
County, and the inner Coast Ranges in Napa,
Sonoma, Lake, and Solano Counties {Good
1989). South of the Bay, they occur in the Santa
Cruz Mountains in San Mateo, Santa Clara, and
Santa Cruz Counties (Good 1n%g; M. Waters,
pers. comm.). Dicamplodon ersalus has not
been recorded in the East Bay (Stebbins 2003).
Nussbaum {1970} mentioned an unconfiremed
sight record from the Sama Lucia Mcuntains in
Monterey County. Multiple surveys by several
researchers over the decades have attermpted to
verify this account with no individuals detected
{MN. Waters, pers. comm.). While extirpations
have not beenn docurnented, urbanization, agri-
culture, and timber harvest have likely resulted
in some population losses, particularly due to
development in the southern part of the range
{Bury zoas; 8. Barry, pers. comm.)

Trends iv Abundance

Given the paucity of information, this species is
currently considered data deficient for the pop-
ulation trend metric. However, it is likely that
abundance has been reduced in habitats dis-
turbed by urbanization, readbuilding, lopging,
or water diversions {Bury aoos).

Mature and Degree of Threat

The Santa Cruz Mountains isolate is currently
largely contained within a network of public
parkland, though the extent of poasible losses
in this region due to past development is poorly
undersicod (M. Waters, pers. comm., 8. Barry,
pers. comm.). Coast Range populations in the
north are likely subject to negative effects from
timber harvest and development, though this
area is less urbanized than the southern part of
the range. Disturbances such as cleat-cutting
and road construction can lead to lower abun-
dances in Dicamptodon tenebrosus (Corn and
Bury 1989, Welsh and Ollivier 19g8). Other
threats include fragmemntation of riparian habi-
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tat, water diversions for municipal and agricul-
tural use, and road mortality (N. Waters, pets.
comml.}.

Climate change may negatively impact D.
ensatus, although uncertainty in climate projec-
tions coupled with limited ecological informa-
tion makes assessing risk difficult. Mean anmaal
temperature is expected to increase while pro-
jected changes in precipitation are likely modest,
leading to warmer and possibly drier conditions
in northwestern and central California (reviewed
in PRBO zo11). At the same time, upwelling is
expected o intensify {Snyder etal, 2003, Lebassi
etal. 2009). This may increase fog developrnent
and contribute to cooler, moister conditions
along the coast, potentially amelicrating effects
of warming or drying within the range of D,
ensatus. The frequency and extent of wildfire is
expected toincrease in the region encompassing
the southern patt of the range, with predicted
increases in area burned of up to 50% (Fried et
al. 2004, Lenihan et al. 2008, Westerling and
Bryant 2008). How fire regime will change in
the northern part of the ranpe is less well under-
stood {reviewed in PRBO 2011). EHects of wild-
fire on D. ensatus are unknown, though mortal-
ity and habitat degradation due te fire has been
documented in other stream-breeding amphibi-
ans (e.g.. Gamradt and Katz 1997, Pilliod et al.
2001). In northwestern California, vegetation
communities are expected to shift from moist
conifer to drier mixed evergreen forest, with
reductions in Douglas fir and redwood forest in
particular (Lenihan et al. 2008, PRBO zow),
which tnay impact the availability of D). ensatus
habitat.

Status Deterrmination

Dicampteodon ensatus is an endemic, ecologi-
cally specialized salamander with a small gen-
graphic range that is restricted to an area with a
high human population density. These factors
combine to place it at high risk of habitat loss
and disturbance. However, data are not availa-
ble to determine whether ongoing declines and
population losses have occurred, resulting in a
Priority 4 designation for this species.



Manragement Recormmendotions

We know little about the basic biology of this
species, which makes it difficult to formulate
management recommendations beyond mini-
mizing disturbances to existing habitat. Habi-
Lat protection may be particularly imporiant for
small headwater streams where siltation and
other stream disturbances are known to
geverely impact other Dicamptodon species.
Construction and use of roads should be elimi-
nated or minimized within D. ensgtus habitat,
patticularly during the breeding season. Ripar-
fan buffer vegetation should be retained in
areas that are developed or harvested, though
efficacy of buffers and optimal buffer widths
for this taxon are unknown.

Monitoring, Research, and Survey Needs

Distribution, abundance, habitat requirements,
and life history of Dicermptodon ensatus all need
further study. Most research to date has focused
on the more widespread D. tenebrosus to the
north and was conducted before the two species
were recogriized as distinet. This substantial
knowledge gap needs to be addressed with basic
ecological studies. Nothing is known about dis-
persal in this species, especially the importance
of movement through terrestrial habitats. Both
mark—Tecapture angd landscape genetic studies
are needed for [ ensatus. Studies are also
reeded that examine the elficacy of streamside

buffers in ameliorating the eflects of distur-
bance on stream habitats. Such studies should
be replicated beth north and south of San Fran-
cisco Bay, given that these are completely iso-
lated population segments living in diflerent
habitats. Distributional surveys are particulatly
needed in the Inner Coast Range portion of the
northern range (N, Waters, pers. comm.),

While larvae are easy to find by searching
aquatic habitats, transformed D. ensatus are
infrequently encountered using typical amphib-
ian survey techniques. For example, only 12
individuals were captured in 18,032 trap nights
over 3 years of pitfall trapping along 840 m of
drift fence in suitable habilat at Point Reyes
Narional Seashare {G. Fellers and D. Prart,
unpublished data, in Fellers et al. 2010). In the
same study, no Dicempteden were detected
under 84 caverboards during nearly 2000 cov-
erboard checks. However, culvert removal using
heavy equipment uncovered aggregations of
>20 adults at the same study sites, suggesting
that terrestrial sampling may severely underes-
timate abundance {Fellers et al. ac10). Another
account from Santa Cruz County reported sev-
eral adults and egps getting wasbed out of a drill
hole made 6 m irto a hillside to access a subter-
ranean spring {Dethlefsen 1948). These reports
suggest that metamarphosed individuals may
be larpely sublerranean in their habits, a possi-
bility that needs further investigation.
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SOUTHERN TORRENT SALAMANDER

Rhyacotriton variegatus Stebbins and Lowe 1951

Status Summary

Rhyacctriton variegatus is a Priotity 1 Species of
Special Concern, receiving a Total Scoref Total
Possible of 75% (83 /110). Previously it was also
considered a Species of Special Concern,
although at a lower priority level. Additional
research on ecology and phylogecgraphy since
Jennings and Hayes {1994a) supports this
change in status.

ldentification

Rhyacotriton variegatus is a small to medium-
sized salamander {5 cm SVL} {(Welsh and Lind
1992, Tait and Diller 2006), with a small
head and a short, laterally compressed tzil
{Stebbins 2003). Expanded square-shaped
glands lateral and posterior to the vent in adult
males distinguish this genus from all other
Merth American salamanders (Peiranka 1998).
Rhyacotriton has large bulging eyes, with eye
diamneter Toughly equal o the distance between
the anterior edge of the eye and the tip of
the snout (Stebbins 2003). The dorsal ground
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color ig brownigh to olive, and the venter is yel-
low to yellowish green with a sharp, abrupt
demarcation between the dorsal and ventral
coloration (Petranka 199RB). California R. varie-
gatus are heavily speckled with small dark spots

Southern Torrent Selamander: Risk Fackors

Ranking Criteria (Maximum Score)

Score
i. Range size {10} 10
il Distribution trend (25} 20
iii. Population concentration/ 10
migration (10}
iv. Endemism (10} 3
v. Ecolopical tolerance (10} 10
vi. Population trend (25) 10

vii, Vulnerability 10 climate change {10} 10
viii. Projected impacts (10) 10
Total Score 83
Total Possible 110

Tota) ScorefTotal Possible 0.75







on the dersum and venter (Good and Wake
19ga).

Larvae are of the stream type and have mor-
phological adaptations unique te headwater
specialists {Valentine and Dennis 1964}. Lar-
vae have short stubby gills and a tail fin that
does not extend anteriorly onto the trunk. The
dorsum is light brown above, the venter is
creamn to yellow, and the body is sprinkled with
dark speckling above and below except on the
tail fin. The eyes are prominent and dorsally
positioned {Petranka 1g9g8).

Taxonomic Relationships

Rhyacotriton variegatus has been recognized as a
species since 1992 based on protein variation
(Good and Wake 1992). Miller et al. {2000)
identified three mitochondrial DNA clades
within R. variegatus. The California clade/south-
ern Oregon clade split occurs at the Smith River
in Californiz, a common biogeographic bound-
ary. Miller et al. {z006) concluded that the Cali-
fornia clade constitutes an evolutionarily signifi-
cant unit {sensu Moritz 1994). The California
clade is endemic to the state with a ~5o0% smaller
range than the species as a whole, and the seuth-
ern Oregon clade animals in California have an
extremely small ranpe, Although Miller et al.
{2000} recognized these clades as potential
management units, we consider them as a sin-
gle taxon here pending additional research on
their geographic ranges and genetic distinctive-
ness using additional molecular markers.

Life History
Breeding may occur throughout much of the
year. Males produce sperm year-round, with
peak production from February through April
{(Humbaoldt County; Tait and Diller 2006).
California females have been found carrying
spermatophores from February through June
(Stebbins and Lowe 1951, Tait and Diller 2006},
and females from an Oregon population had
cloacal spermatophores as late as October
{Nussbaum and Tait 1977].

Females produce smaller clutches than
most sirnilarly sized stream-breeding salaman-
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ders (Petranka 1998), with gravid females car-
rying from 4 to 16 ovarian eggs {Mussbaum and
Tait 1977, Good and Wake 1992, Taitand Diller
200%). Karraker {1999} found a nest with 11
cream-colored epps deposited singly beneath a
small boulder in a first-urder strearn channel in
Humboldt Couzty.

Developmental tirmes are slow, with oviposi-
tion to sexual maturity taking approximately
4.5 years [Nussbaum and Tait 1977, Tait and
Diller z0006). Time from oviposition to hatch-
ing is mughly & months (Karraker 1999], with
time from oviposition to absorption of yolk
probably closer to a year (Tait and Diller zo06),
Peak oviposition is in August and September in
California, with peak hatching occurring in the
spring (Humboldt County; Tait and Diller
200f). Larval development from hatching o
retamorphosis takes z-2.5 years (Nussbaum
and Tait 1977, Tait and Diller 2006). After
metamorphosis, an additional 1-15 years of
growth is required before sexual maturity is
attained (Nussbaumm and Tait 1977, Tait and
Diller 20006).

The extended reproductive period and over-
wintering of larvae result in overlapping size
cohorts in streams {Welsh and Lind 1992, Tait
and Diller 2006}. Hatchlings are 14-16 mm
SVL (Tait and Diller 2006], and size at meta-
morphosis is around 35 mm SVL [Nussbaum
and Tait 1977, Good and Wake 1992, Tait and
Diller 2006). In Humboldt County, larval
growth rates were recorded ag 2.3 mmyyear in
Six Rivers Mational Forest (Welsh and Lind
1992) and 8.0 mm/year in a more coastal site
in the Mad River drainage (Tait and Diller
2006). Larvae and adults weighed more in the
spring than fall at one site, supgesting active
foraging and growth over the winter months
{Welsh and Lind 1992).

Adults are active at air and water tempera-
tures of 5-10°C, lower than those known for
any other aguatic salamander {Stelbins and
Lowe 1951, Stebbins 1955, Brattstrom 19063).
The average critical thermal maximum for
adults and larvae are also lower than reported
for other salamanders {larvae: 26.7°C; adults:



27.9°C; Bury 2008b). Welsh and Lind (19gG)
abserved sipns of stress in adults at 17.2°C.
Thermal tolerances of eggs are unknown (Bury
a008b).

Very few data are available on movement or
diet in this species. One mark—recapiure study at
a single headwater streamfseep site in Hum-
boldt County found extremely low levels of move-
ment, with approximately 1 m/year of movement
for adults and 2z myyear for larvae on average
(Welsh and Lind 1992). However, unrecaptured
animals may have moved longer distances (z0%
of originally marked animals were recaptured).
The diet of Rhyacotriton variegaius appears to be
generalized on aquatic and semiaquatic inverte-
brates, with amphipods and collembolans the
most abundant prey (Bury and Martin 196%).

Habitat Requirements

Rhyacotriton variegatus occurs within a rela-
tively narrow range of ecolagical conditions that
are typical of late-seral forests. These condi-
tions include cold, clear, flowing permanent
seeps and headwater to low-order streams with
coarse, rocky substrates in mesic to moist for-
ests (Welsh and Lind ro88, Welsh 1990, Welsh
and Lind rog1, Welsh and Lind 1996, Vesely
and McComb zooz, Welsh et al. zoos, Ashton
et al. 20006, Welsh and Hodgson 2o11). Key
habitat requirements are the maintenance of
cold water termperatures (6.5-15"C) and pres-
ence of loose substrates composed of gravel and
cabble (Diller and Wallace 1995, Welsh and
Lind 1996, Stoddard and Hayes 2005, Welsh et
al. 2005, Bury 2008b, Welsh and Hodgson
zoo8). In the Mattole Watershed, R. variegatus
occurred primarily in undisturbed headwater
channels and was never detected in streams
where canopy closure was less than g1% or
water temperatures were warmer than 13.5°C
{Welsh and Hodgson 2011}, Rhyasoiriton varie-
gatus is extremnely desiccation intolerant {Ray
1958}, although it will occasionally venture
away from the stream channel and use riparian
and forest habitat in the wet season {Vesely and
McComb 2002; Vesely and McComb, pers.
obs., in Welsh and Lind 1996).

Rhyacotriton variegatus is sensitive to fine
sediment load and embeddedness (Welsh and
Lind 1996, Welsh and Ollivier 1998) and has
been found te be positively associated with
high-gradient streams, particularly in areas
with timber harvesting. This may be due to
stream network processes that fush fine sedi-
ments out of high-gradient reaches (Corn and
Bury 1989, Diller and Wallace 1906, Staddard
and Hayes zoo05, Ashton et al. 2006). In a
review of seven studies of R. variegatus habitat
associations, Welsh and Hodgson (2008) found
that the species occurred at sites where fine
sediment ranged from 2% to 40%, and zero
detections occurred when more than G5% of
the coarse substrate was embedded with fine
sediment.

Distribution (Past and Present}

Rhyacotriton variegatus occurs patchily at eleva-
tions below 1469 m throughout the Pacific
Coast Ranges of Oregon and California, from
the Little Nestucca River and Grande Ronde
Valley in Oregon to near Alder Creek in Mendo-
cino County in California (Good and Wake
rggz). Populations also occut in the Cascade
Range in Oregon {Good and Wake 199z, Miller
et al. 2006}, A previously reported disjunct
population in the McCloud River, Siskiyou
County, appears ta be based an incorrectly
identihed museum specimens of the southern
leng-toed salamander {Ambystoma macrodacty-
wm sigiflatum} in the California State Univer-
sity, Chico collection.

Suitable microhabitat is patchily distributed
in California, and R. variegatus is only found in
suitable sites about half of the time. Random
stratihed sampling of 117 sites throughout the
geographic range in California found that 45%
of sites contained suitable microhabitat, but
only 62% of those sites were occupied {Welsh
and Lind 1gn2). Sampling of 18 different sites
in the same region selected for the US Forest
Service “Old-growth Wildlife Project” found
suitable microhabitat in 9% of sites, with R.
variegatus present in 47% of suitable sites
(Welsh and Lind 19qa). Systemnatic stratified
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sampling of 53 mixed conifer—hardwood stands
on public lands in northern California found XK.
variggatus at 6z% of sites {Welsh and Lind
1966).

Some of the variation in distribution can be
explained by forest age and timber harvest his-
tories, with R. wariegaius more often found in
older, unharvested stands. Welsh {1990) sur-
veyed spring and seep habitats in 34 forest
stands in the Coast Ranges in California and
southern Oregon ranging from 3o to 560 years
old and at elevations of 150-1500 m. Rhyacotri-
ton variegatus was found in 70% of old-growth
stands, s¢% of mature stands, and 1% of
young stands. Recent surveys of the Mattole
Watershed in northern California {Humbaoldt
and Mendocino Counties) found R. variegatus
mostly in late-geral headwater tributaries, habi-
tats that are now rare in the watershed (Welsh
et al. 2005, Welsh and Hodpson zot1). How-
ever, occupancy rates were higher in young for-
esis along the roast where temperatures are
mediated by the maritirne climate: R. variega-
tus was found in 48% of 10 m sampling reaches
and 849 of entire siream reaches in stands less
than Bo years old (Diller and Wallace 1996).

Exact figures are difficult to come by, but
mos: of the historical coastal old-growth habitat
in California is now gone (85-956.5% pone; ref-
erences in USFWS 1997). In addition o habitat
modification, several investigators have hypoth-
esized that Dicampiedor predation may restrict
Rhyacotriton distribution to small headwater
strearms (e.g.. Stebbins 1955, Nussbaum 196g,
Welsh and Lind 1996, Welsh and Ollivier
1998). However, Rundie and Qlson {2001])
found that R. variegatus larvae were unpalatable
to D. tenebrosus larvae, surviving 9o% of
encounters in experimental trials.

Trends in Abundance

Estimates of abundance are not available for
time periods before timber harvesting became
a prominent factor in landscape management,
but the highest decumented abundances over
the last several decades have been in late-seral
sites, supporting the idea that abundances are
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reduced in response to disturbances such as
timber harvest and road building. Rhyacotriton
variggatus can be locally abundant, with densi-
ties of up to 22 salamandersfm® recorded in
suitable streamside habitat at an old-growth site
in Six Rivers Mational Fozest, Humboldt County
{Welsh and Lind 1992). However, most sites in
that study yielded 1-5 capturesfic m?* (Welsh
and Lind 1992). By sampling across the range
of R. variegatus in California and across stands
of different ages, Welsh and Lind {1996} docu-
mented a much lower mean density of 0.68
salamanders/m*. ln young stands in coastal
northern California («Bo years ¢ld), Diller and
Wallace {1996) found that densities were o.18-
5.5 salamanders/m*. Welsh et al. {2000) reana-
lyzed Welsh and Ollivier's (1998) data from
gites in Prairie Creek Redwoodg State Park in
Humboldt County for comparison to encounter
rate data reported by Wroble and Waters (198g)
from timber company lands in the same county.
Rhyacatriton variegatus was found at the rate of
o.72 salamanders/hour on parkland compared
to ©.05 salamanders/hour on harvested lands
{Welsh et al. 2000}. In Oregon, densities aver-
aged ©.29 salamanders/m®* on forested lands
versus 0.04 salamanders/m? on logged habitat
(Corn and Bury 1089}.

Mature and Degree of Threat

Major threats to this species include timber
harvesting, read building, rural development,
marijuana cultivation, and climate change.
Rhyacotriton veriegatus is sensitive to the
impacts of timber harvesting and roadbuilding
due to direct impacts of heavy equipment and
indirect effects on temperature, humidity,
and sediment Joad [Welsh et al. zoo00, Welsh
and Hodgson zo08), Several researchers have
argued that declines and extirpations will con-
tinue due to timber harvesting and related land
managemnent practices {e. g, Welsh et al. 2000,
Ashton et al. 2006, Olson et al. 2007, Welsh
and Hodgson 2008). While R. variegatus can
persist in some harvested areas, particularly in
coastal forests where the effects of logging may
be ameliorated by the milder climate (e.g.,



Welsh 190a, Diller and Wallace 1996; 5. Barry,
unpublished data), it occurs in more sites and
with higher density in older stands.

Habitat loss and degradation due to rural
residential development and marijuana cultiva-
tion is a growing concern for this species in Cali-
fornia. Every new house built in forested lands
requires a source of water, which is often pro-
vided by diverting headwater streams. In some
cases, K. variegrius has been observed to occur
above but not below such diversions (M. van
Hattem, pers. comm.}. This threat is likely t
increase in the near future, For example, the
Humboldt County General Plan is currently
being updated, with some proposals considering
a doubling or tripling of rural develapment.
Marijuana cultivation also presenis a water
diversion threat to this species, as well as polen-
tial negative impacis due to grading, roadbuild-
ing, and the application of herbicides and pesti-
cides (e.g.. Thompson et al. 2014).

Rhyacotriton variegatus has slow develop-
mental times and low vagility, leading to poten-
tially high susceptibility to rapidly changing
environmental conditions. Expected climate
changes within itz range over the next 100
years include increased temperatures, changes
in hydmlogy, changes in fire regime, and vege-
tation shifts. Mean annual temperatures are
expected to increase throughout the range of R.
variegatus in California (reviewed in FRBO
2011). The frequency of extremely hot days is
projected to increase, with roughly ¢ additional
days aver 32.2"C (Bell et al. z004). Such tem-
peratures exceed the critical thermal maxima
for adults and larvae of R. variggatus, although
water termperatutes, microhabitat structure,
and behavioral thermoregulation may amelio-
rate these effects. For coastal populations,
upwelling is expected tn intensify, which may
increase fog development and contribute to
cooler, moister conditions (Snyder et al. 2007,
Lebassi et al. 2009). Coastzl populations may
therefore continue to provide more favorable
climatic conditions than areas farther inland.
Potential changes in precipitation are less clear,
with some models predicting modest increases,

others modest decreases, and others reductions
in rainfall of up to 28% {(reviewed in FRBO
zo11). Warmer temperatures will result in less
precipitation stored as snow, and reductions of
j0-80% are predicted for snowpack accurmula-
tion in northwestern California {Snyder et al.
2004, Cayan et al. zoo8b). The timing of
spring snowmelt has shifted later in the spring
in this region over the last 50 years (Stewart et
al. 2005], though the timing of future shifts is
unknown. Reductions in water availability due
to reduced snowpack and possibly reduced pre-
cipitation will affect the timing 2nd magnitude
of streamm flows. This may negatively affect
habitat quality and availability for all life stages
of this hiphly aquatic salamander. How fire
regime will be affected by climate change in
northwestern California is not well understood.
Some models predict little change in fire
repime or even decreases in area burned along
the northern coast (Fried et al. 2004, Lenihan
et al. 2008}, while increases in area burned
have been predicted for the southern coast of
northwestern California (Lenihan et al. 2008).
Westerling et al. {zo11) projected a 100%
increase in area burned in northwestern Cali-
fornia under some scenarios. How fire affects
E. variegatus needs further study, although
direct mortality and habitat degradation due to
fire have been decumented in other stream-
breeding amphibians {e.g., Gamradt and Kats
1997, Pillicd et al. 2003). Yegetation communi-
ties are expected to shift from moist conifer o
drier mixed evergreeu forest, with reductions
in Douglas fir and redwood forest in particular
(Lenihan et al. 2008, PRBO 2011). It is unclear
what effect these shifts may have on R. variega-
tus because strearm conditions and forest age
seem to be more important indicators of habitat
quality than forest type.

Status Determination

Rhyacolriton variegatus is a Priority 1 Species of
Special Concern due to its high degree of hals-
tat specificity resulting in a patchy distribution
in isolated habitat islands, high degree of
genetic variation among management units,
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and association with late-seral forests that are
now 1aze and often ecologically compromised
by timber harvesting {Good and Wake 1992,
Welsh and Lind 19gf3}.

Monagement Recammendations

Rhyacotriton variegatus populations would ben-
efit from forest management activities that
maintain cold water temperatures and low sedi-
mentation levels such as decreasing the use
and building of roads, decreasing timber har-
vest, and leaving riparian vegetation infact in
harvested areas. Suitable microhabitats should
be surveyed for R. warigaius presence during
the wet season when salamanders are more
likely to be detected before such areas are dis-
turbed (Tait and Diller 2006, Olson et al
2007%7). Monitoring activities themselves can
damage sensitive microhabilats (L. Diller, pers.
comim.), and personnel should be weli trained
in techniques to minimize such negative
effects. Occupied microhabitats in particular
ghould be protected from direct impacts of
heavy equipment. In areas where timber har-
vest occurs, vepetation should be left intact
around R. variegatus habitat, particularly to
maintain canopy cover, though the width and
configuration of such buffers is an important
research need detailed below. In the abzence of
more detailed research, Olson et al. {2007} rec
ommensd using relatively wide buffers on the
ordet of 40-150 m to maintain obligate tipat-
ian species. In addition to buflers along
streams, habitat should be left intact around
seeps {“leave islands”; reviewed in Olson etal.
2007). Marijuana cultivation appears to pase a
growing threat to maintenance of high-quality
habitat for this species. Enforcement and regu-
lation of marijuana cultivation is an ongoing
issue in California and we suggest that
the enviconmental impact of such activities
be considered. Little is known about use
of upland habitats, but protection of large
channel networks and assoriated seeps and
springs to maintain aquatic and upland con-
nectivity would likely help maintain popula-
tions of R. variegaius (Welsh and Lind 1992,
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Vesely and McComb zooz, Olson et al. zao?y,
Welsh zo1rj.

Monitoring, Research, and Survey Needs

Several studies have been conducted to deter-
mine the presencefabsence of Rhyacotriton
varicgaiys across the landscape, and such sue-
veys should continue, A critical research need
is studies that monitor population abundance
over time, particularly under different timber
harvesting regimes. Given the long life span
and slow developmment tirne of this species,
such long-term studies might provide insights
that shorter, single-season analyses would
miss. When possible, population estimates in
mataged forests should be compared to R. vari-
egatus abundance in nearby undisturbed
mature forest stands {i.e,, reference popula-
tions) to assess the impacts of disturbance
(Welsh 2011). Additional studies on movemnent
ecology and dispersal beyond localized move-
ments would aid in designing management
stratepies to promote habitat connectivity. The
extent te which upland versus aquatic habitats
are ugsed for dispersal is unknown and is cru-
cial for determining whether buffers should be
focused around continuous waterways, upland
linkages between waterways, or both {Welsh
and Lind 1pn2, Olson et al. 200, Welsh 2c171),

Experitnents that test the efficacy of buffer
strips for maintaining favorable habitat condi-
tions in harvested areas would also be valuable.
Buffer sirips from 6 to over go m wide have
been proposed for maintaining riparian fauna
under a range of management scenarios
{reviewed in Olson et al. 2007). Stoddard and
Hayes {z005) recommended buffer strips
>46 m wide for Rhyacotrilon. Similarly, ripar-
ian buffer strips 40 m wide around first
through third-order streams in Qregon sup-
potted similar salamander abundance {includ-
ing R. variegatus) as unharvested stands (Ves-
ely and McComb 2002). Welsh and Hodpson
{zooB) recommend stream temperatures <r5°C
to maintain populations. The relationship
between the size and aspect of a subbasin, the
amount of the surrounding area harvested, the



resulting maximum stream temperature, and
how much bulfer would be required to amelio-
rate any critical lnological temperature thresh-
olds are important research needs (Welsh et al.
zoo5). Ternperature is niot the only factor that
can be influenced by management activities
however, and other indicators of habitat quality
such as embeddedness should be measured as
well {Olson et al. zo07).

Because R. variegatus is patchily distributed,
monitoring studies should first identify areas
with suitable habitat. 1o surveys for R. variega-
tus in Douglas fr/hardwood forests in the
Klamath region, Welsh and Lind {199z, 1996)
defined minimum essential microhabitat for R.
variegaius as an area of at least ro m? of Aowing
water {e.g., a patch of spring seep or frst- or
second-order streamsj at least 75 m away from a

forest edge. Within these sites, aquatic searches
seemed most elfective at detecting R. wariegn-
tus, as they are rarely encourtered using tech-
niques such as terrestrial pitfall trapping {e.g.,
Welsh 1990). Sampling shauld be done in the
spring when R. wariegatus are most abundant
(Welsh and Lind 1992, Ashton et al. 2000, Tait
aud Diller 20006).

Landscape genetic studies that quantify levels
of connectivity within and acroas strearn systems
would help to better delimit local management
unis as well as importart dispersal corridors for
this species. Studies similar to recent analyses on
another western stream salamander, the Idaho
giant salamander (Dicamptodon aterrimus) {(Mul-
len etal z010), would be particularly instructive
as 2 way to examine the relationship between
stream connectivity and salamander gene Aow.
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southeastern edge of its range overlaps with the
Coast Range newt (T. torosa). These species can
be distinguished based on several morphologi-
cal and color characteristics. In addition to dis-
tinctive red ventral colaration, T. rivularis has
dark brown eyes, compared to the yellow or sil-
very irises in the other species (Twitty 1935).

Taxenamic Relationships

Tavicha rivularis was described on the basis of
the clear morphelogical differences existing
between it and other California Taricha {Twitty
1935), and its species status has never heen
questioned. Gene Aow among populations was
previously thought to be very low because ani-
mals return to the sarme stream areas for breed-
ing and show very strong homing behavior
{Hedgecock and Ayzia 1974, Hedpecock 1978;
see the “Life History” section). Kuchta and Tan
fzaeba) found low levels of allozyme and mita-
chondrial DNA divergence among four popula-
tions in the north and south of the Tange, which
may suggest that gene flow is higher than pre-
viously thoupht. Althouph T. rivularis shows a
high degree of philopatry, lang-distance move-
ments are well documented, and this may
explain the observed low levels of divergence
{Kuchta and Tan 2p0cb6a).

Life History

Breeding coincides with the receding of streams
after heavy winter raing ({Twitty 1942). Adults
are terrestrial, and the aquatic breeding phase
lasts from February to May, with mast breeding
occurring between March and early April
{Twitty 1gg5, Packer 1960, Twitty 1966, Stel-
bins 1985). Males typically breed annually,
whereas most females breed every 2-3 years
{Twitty 19061, Twitly et al, 1904]). Adulls have
been observed returning to the same ~15 m seg-
ment of creek to breed across multiple years
{Twitty 1959, Packer 1962, Packer 1963, Twitty
et al. 1967a). Adulis tend to use a small reach of
stream during the breeding seascn, although
movements of a couple hundred meters within
a season have been observed (Packer 196z}
Adults are also capable of moving several kilom-
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eters across years and have excellent homing
abilities (Twitty 1950, Packer 1962, Twitty et al.
1964, Twitty et al. 1g6ya). After breeding,
adults leave streams but usually remain in the
same drainage {Twitty et al, t19G7b). Fall rainfall
triggers movement, but heavy rainfall can
inhibit overland movement (Packer 1960, Grant
et al. 1068), and sustained rainfall, increased
stream volume, or increased sediment load can
stitnulate animals to temporarily leave breeding
streams {Packer 1960). Little is known about
terrestrial habitat use by metamorphs. Under-
ground retreats are used from May to October,
and adults forage on the sucface before and as
they migrate to streamns (Twitty 1966, Licht and
Brown 1967, Marks and Doyle 2005).

Eggs are attached in a single layer to the bot-
tom of stanes or submerged vegetation in fast-
flowing water (Twitty 1035, Twitly 1g42). The
average size of an egp mass is 10 epps (range
G-16) (Twitty 19135, Riemer 1958, Twitty 19G4),
and as many as 70 egg masses have been
observed aitached to a single stone {Twitty 1035,
Twitty 1g42). The incubation period in the lab
is 15—34 days, with faster development tirnes at
warmer temperatures (Licht and Brown 1967).
Larvae hatch at a minimum of 10 mm TL (Rie-
met 1958, Twiity igh4) in mid to late April and
metamotphose in late August (Licht and Brown
1967) at 45—55 mm TL (Stebbins 1951). There is
no evidence that larvae overwinter in streams
(Riemer 1958, Twitty 1964). [t is unknown how
far or to what habitats metamerphs travel, but
they po inte hiding shortly after metamorpheo-
sis (Twitty 1955, Twitty 19061, Twitty 1966,
Twitty et al. 1967b}. Juveniles are not captured
in terrestrial habitats when adults are abun-
dant, suggesting that they remain under-
ground, or at least in a distinct, unknown
microhabitat, for several years (Twitty et al.
1967a). It takes approximately 5 years to reach
sexual maturity (Licht and Brown 19G7).
Hedgecock (1978) estitnated life spans on the
order of 20—30 years based on Twitty's {10566)
data, and annual survivorship of adults is proh-
ably »9o% in most years (Twitty 1961). At one
site in Sonoma County, 4o% of originally



marked adult animals were still being recap-
tured 11 years later (Twitty 1966).

Insects and other small invertebrates pre-
sumably make up the bulk of the diet of larvae
and adults. In one study, adult stomach con-
tents contained exclusively terrestrial organ-
1sms (mostly insects}, and adulis apparently do
not feed while in the water during the breeding
season (Packer 1901, Licht and Brown 1967).

Habitat Regquirernents

Taricha rivularis is found in redwaod forests
along the coast, although other forest types such
as Douglas hy, tan cak, and madrone are also
used {Marks and Doyle acas). Aquatic breeding
habitats are moderate tn fast-flowing mountain
streams with racky bottoms (Twitty 1915, Steb-
bins rgs51). In the Mattole Watershed (northern
Mendocine and southern Humbaoldt Counties),
T. rivudaris was reporied to use both sieep head-
waler and 2—4% gradient step-pool reaches, but
was most abundant in lower-gradient plane-bed
channels (Welsh and Hodgson zo11). Other fea-
tures of occupied stream habitats were water
temnperatures ranging between 15°C and 26°C, a
mix of coarse streambed substrates, and inter-
mediate levels of canopy closure {(Welsh and
Hodgson zor1). Unlike other members of the
genus, T. rivularis rarely breed in ponds or other
standing water habitats (Riemer 1958, Stebbins
1085) and seem to avoid streams used by T, tornsa
{Twitty 1942, Twitty 1955). Taricha rivularis wiil
breed in the same streams as T. granyiose but
tend to use [aster-Howing reaches (Twitty 1942).

Distribution (Post and Present)

Taricha rividaris is endemic to California and
has the smallest peopraphic distribution among
its congeners {Stebbins 2001). The species
occurs in coastal northern California in Son-
oma, Lake, Mendocino, and southern Hum-
boldt Counties, at elevationg fram 50 10 450 m
(Stebbins 2003, Marks and Doyle 2005). An
isolated population is known fzom the Stevens
Creek watershed in Santa Clara County,
although it is unclear if this is an introduction
or a native population (Reilly et al., in press).

Some habitat has likely been lost to vineyard
and other agricultural development in Sonoma
and Mendocine Counties, although systematic
surveys are not available {H. Welsh, pers.
comm.}. Some populations have been lost due
to damming of creeks and rivers (e.p.. Skaggs
Spring, which was inundated during the for-
mation of Lake Sonoma}. Data from the Mat-
tole Watershed in the mid-1990s documentied
T. rivularis presence in 35% of sampled streams
(Welsh et al. 2005), with T. rivuleris restricted
to the forested southern partions of the water-
shed {Welsh and Hodgson 2o11).

Trends in Abundavice

Few abundance data are available for this spe-
cies. Hedgecock {1978) used Twitty's (1961,
19006) census data to estimate that ~6o,000
breeding adults occurred along a ~2.5 km
stretch of creek in Sonoma County. In the Mat-
tole Watershed, 300 m stretches of randomly
selected stream reaches (n = 83 stream reaches)
yielded 24 metamorphs and o4 aquatic larvae
{Welsh and Hodgson zor1).

Nature and Degree of Threat

The paucity of distribution and abundance data
makes it difficult to determine the status of
most Tericha rivularis populations. However,
the species has a small range in an area that
has experienced high levels of habitat conver-
sion fo vineyards and subdivisions, rendering
them vulnerable to habitat loss and fragmenta-
tion {Marks and Doyle za0s). Taricka rivulars
may also be experiencing increasing mortality
from vehicular traffic (Marks and Dayle 2005},
especially during breeding migrations.
Climate chanpe poses potential risks ta T.
riviiaris through increased temperatures,
changes in hydrology, changes in fire regime,
and vegetation shifts, Mean annual tempera-
tures are expected to increase throughout north-
western California (reviewed in PREQ 2011);
however, maximum temperature tolerances of
T. rivdaris are unknown. Taricha rividaris popu-
lations on the coast may be less affected hy tem-
perature increases because upwelling is
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expectad to intensify, potentially leading to
increased fog development and cooler, moister
conditions {Snyder et al. 2003, Lebassi et al.
2009). Potential changes in precipitation are
less clear, with some models predicting little
change and others reductions in rainfall of up to
28% (reviewed in PRBO aci). If conditions
become warmer and driez, especially in inland
sites, this may restrict terrestrial habitat use and
overland digpersal. Changes in precipitation
may affect stream hydrology, although how T.
rivularis will respond to such changes s
unknown. How fire regime will be affected by
climate change in northwestern California is
not well understood. Some models predict little
change in fire regime or even decreases in area
burned along the northern coast (Fried et al.
2004, lenihan et al. zo08). [ncreases in area
burned have been predicted for the southern
coast of northwestern California and inland
areas (Lenihan et al. 2008). Westerling et al.
{zor1) projecled 2 100% increage in area burned
in northwestern California under some scenar-
ios. How fire impacts T. rivularis needs more
study, although direct mortality and habitat deg-
radation due to fire has been documented in
other stzearm-bieeding amphibians in similar
habitats {e.g., Gamradt and Kats 1997, Pilliod et
al. 2003). Vegetation communities are expected
to shift from moist conifer to drier mixed ever-
green forest, with reductions in Douglas br and
redwood forest in particular (Lenihan et al.
2008, PRBO 2c11). Tariche rivalaris may not be
severely nepatively afTected by such shifts, as
they use multiple forest types.

Status Determination

Taricha rivuleris has a small range in an area
that has experienced increased levels of hahitat
loss and fragmentation in recent decades,
resulting in a Priority a Species of Special Con-
cern status for this endemic salamander.

Management Recommendations

Given the limited ecological infermation on this
species outside of a handful of sites, it is difficult
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to make management recommendations other
than protecting known breeding habitats. Distur-
bances such as imber harvest, roadbuilding and
use, housing development, agricultural develop-
ment, and water diversions should be minimized
or eliminated in Tariche rivularis habitat. Occu-
pied habitat should be protected, with a focus on
protecting the entire stream network (Olson etal.
2007, Welsh 2011), Retaining streamside buffers
on managed lands can help mitigate the elfects
of logging and roadbuilding, but more research is
needed to determine butfer prescriptions, par-
ticularly how 1o protect strearn network processes
(Olson et al. 2007). The ecological effects of
buffer protections may vary across habitat types,
and narrower buflers may be elfective in more
mesic coastal habitat compared to more xeric
inland sites. One mode} recommends riparian
management zones 40-150 m wide and patch
reserves along headwater streams to accommo-
date upland habitat use and promote connectivity
among drainages (Olson et al. 2007). Given the
long-range movements documented in this spe-
cies, large terrestrial habitat patches may be nec-
essary to maintain connectivity among popula-
tions. Any efforts to translocate individuals
should also take the strong evidence for adult
homing behavior into account, as animals are
likely o try and return o their oviginal streams.
Construction of new rmads should be minimized
or avoided in areas where protecting T, rivudarisis
a high conservation priority. To reduce the sedi-
mentation impacts of runolf from roads, forest
mads should be disconnected {rom stream sys-
temns (e.g., through the use of ditch-relief cul-
verts). Use of heavy equipment should be avoided
or restricted on forest roads when larvae are
present in nearby aquatic habitat. Road manage-
ment strategies should be applied to all forest
mads, not just those used for timber harvest. [n
areas that are known to sufler high road mortal-
ity, migration barriers and underroad tunnels
may reduce vehicular death {e.g., see review in
Schmidtand Zumbach 2008), although research
is needed into the design and efficacy of such
interventions.



Monitering, Research, and Survey Needs

Surveys 1o determine the current distribution
of occupied breeding habitats are a first step to
documenting potential extirpations. Resurveys
of Twitty's field siles along Pepperwood Creek,
an tributary along the Wheatfield Fork of the
Gualala River in northwestern Sonoma County,
would be useful for assessing whether popula-
tion abundance has changed, as this is one of
the few areas where demographic data have
been collected (e.g., Twitty 1961, Twitty 1966).
However, locating the original sites has proven
difficult. and they may occur on private lands
that are largely inaccessible {5, Kuchta, pers.
comm.). Basic ecological research into habitat
preferences {both terrestrial and aquatic) are
needed as well as demopraphic data on all life
stages {Petranka 1998, Marks and Doyle 2005).
Additional research is needed on dispersal,

using both feld and genetic techniques, Experi-
ments that moved individuals lo different
streams found that animals traveled overland to
return tn their native sireams, moving as much
as 8 km through terrestriz] habitat {Twitty 1959,
Twitty et al. 1966). If such terrestrial move-
ments are typical of naturally dispersing ani-
mals, then large patches of terrestrial habitat
will be needed to maintain connectivity among
populations. Finally, although it is assumed
that introduced trout and bullfrogs are not a
threat 1o Tericha due to their toxic skin secre-
tions, this should be examined for eggs, larvae,
and breeding adults, [n other California newis,
recent experimental research has shown that
larval T. torgsa are highly susceptible to preda-
tion by Ambystoma (Ryan et al. 2009), and tet-
radoloxing have not been isolated from larvae or
eggs of T granuiosa {(Fuhrman 1967).
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varizble, and in some individuals differentiat-
ing the species can be difficult. Taricha torosa
resemnbles T. granelose but can be distinguished
based on the extengive light ventral coloration
that reaches the underside of the eyes, eyes that
extend beynnd the margin of the head when
viewed from above, and palatal teeth in the roof
of the mouth forming a ¥ shape (Stebbins
z003). In T. granulesa, the dark dorsal colora-
tion extends beneath the eyes, the eyes are more
closely inset and do not extend to the margin of
the head when viewed from above, and the teeth
it the roof of the mouth are in a V-shaped con-
figuration {Stebbins zoo3). Tericha rivularishas
dark eyes (T, torosa has vellow in the eves), a
tomato red venter, and dark coloration under
the limbs and over the cleaca (Stebbing 2003).
Taricha sierroe tends to be darker brown dor-
sally than T, torosa and has a burnt or reddish
ventral coloration {Stebbins 2001). Taricha sier-
rae also has more of the lighter ventral colora-
tion on its snout and upper eyelids than T. lorosa
(Twitty 1942, Riemer 1958), and these differ-
ences in color pattern are intermediate in hybrid
populations {Kuchta 2007),

Taxonomic Relationships

Previously, two allopatric subspecies were recog-
nized: Taricha toresa sierme in the Sierra Nevada
and T & torosa in the Coast Ranpge {Riemer
1958). Phylopeographic work has shown that
populations in the seuthern Sierra are T. &. torosa
{Tan and Wake 19¢5), and further molecular
work has supported elevation 1o species status
for bath subspecies (Kuchta and Tan 2006b,
Kuchta 2007). There is a contact zone between
the two species around the Kaweah River in
Tulare County. Kuchta and Tan (2006b) con-
cluded that while newts frorn San Diego County
do not show long-term evolutionary independ-
ence, they still constitute a conservation unit due
to penetic differentiation, demographic inde-
pendence, and geographic isolation.

Life History

Terrestrial adults migrate to aquatic breeding
habitats such as pends, sireamns, and reservoirs
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from December to early May, and timing varies
by locality, weather, and habitat conditions
{Storer 1925, Twitty 1942, Riemer 1958, Gam-
radt and Katz 1997). Southern populations
migrate in March and April (Storer 1925, Brame
19068, Kats et al. 19g2) and tend Lo breed in quiet
stream pools {Gamradt and Kats 1996, Gamradt
and Kats 1997). No other stream-breeding sala-
marnders occur in the southern part of the range
of Taricha torosa. Epps are attached under rocks
of to vegetation, with egg masses ranging in
size from 7 to 47 eggs [Ritter 1897, Storer 1925,
Twitty 1042, Brame 1956, Brame 1968, Mosher
et al. 1904). Females may lay 3—0 egg masses at
a time, but it is unknown if they breed every
year ot skip vears like T. rivularis (Ritler 18g7,
Twitty 1961, Twitty et al. 1964, Brame 1958).
Adults typically leave breeding habitats in early
to midsummer {Kals et al. 1994).

Eggs hatch after 4-0 weeks (Kats et al.
1994), and larvae develnp for several months,
typically metamorphosing in summer or fall
{Kuchta azcos}. Overwintering has been docu-
mented in larvae from Los Angeles (Storer
1925] and Riverside (Carroll et al. 2005} Coun-
ties, but given a lack of other reports, this
behavior is likely uncommon {Kuchta zoos).
Average size at metamorphosis for a Berkeley,
Alameda County, population was 47 mm TL,
although this probably varies widely depending
on local conditions (Ritter 18¢%7). Larvae fram a
vernal pool in Sonoma County metamorphosed
in lare July and early August at an average size
of 43.8 mm TL {Kuchta 2005). Metamorphesis
in permanent water habitats, as are commonly
used in the southern part of the range, has not
been studied,

Taricha torosa appears to show similar
breeding site fidelity, homing ability, and lon-
gevity as other Taricha, although relatively
fewer data are available from T. torosa. Watters
and Kats {2006] PIT-tagged 36 breeding adults
in the Santa Monica Mountains in Los Angeles
County in the early 1990s, and recaptured ani-
mals for several years. Thirty-nine percent of
animals originally tagged were recaptured in
subsequent years, some as long ag 11 years later,



vielding minimum age estimates of 12-14
years. Animals were recaptured on average
15.5 m from the ariginal capture locality. Ter-
restrial habitat use is poorly studied in juveniles
and adulls, although overland movements can
be substantial. Trenham {19098) recaptured
juveniles up to 3.5 km from their natal pands.
Once adults leave breeding sites, they use mesic
microhabitats for aestivation during the dry
summner {Stebbins ps1, Trenham 1998),

Larvae presumably eat small invertebrates,
detritus, and possibly cannibalize conspecifics
{Ritter 18¢7, Kuchta 2zo05). Aquatic adults will
cannibalize eggs and larvae (Ritter 18g7, Kats
et al. 1992, Hanson et al. 1994). Terrestrial
adults are peneralist predators consuming a
variety of inverlebrate prey and the ocrasional
small vertebrate (Ritter 1897, Hanson et al.
1994, Kerby and Kats 1998).

Habitat Regquirements

Morthern populations occur in mesic forests in
hilly or mountainous terraiti, while southern
populations occur in drier habitats such as oak,
chaparral, and grassland {Riemer 1958). South-
ern populatinns tend to use permanent strearns
for breeding, though recruitment may be higher
in seasonal reaches that are free of nonnaiive
predatory fish {E. Ervin, pers. comm.). Taricha
lorosa in southern California are also limited by
the availability of Tocky canyons with clear, cold
water (8. Barry, pers, comm.; R. Fisher, pers.
comm.]. In the Santa Mecnica Mountains in Los
Angpeles County, T. torose using a perennial
stream laid 89% of their egg masses in pools
and 9.5% in runs (Gamradt and Kats 19g7), Rif:
Hes were rarely used for oviposition {Gamradt
and Kats 1097).

Distribution (Past and Present)

Taricha torosa ranges from central Mendocino
County south through the Coast Ranges to San
Diega County, and also occuts in the southern
Sierra Nevada north to Tulare County, from sea
level t0 1280 m {Stebbins 1959, Tan and Wake
1995). Species of Special Concern status
extends only to those populations found in

Monterey County and farther south, excluding
the southern Sierra Mevada isolate. Our map
only shows these populations, though we note
that it includes museum specimens from the
San Bernardino Mountains that have been
questioned (E. Ervin, pers. comm.). Tariche
torpsa i5 restricted to the Santa Ynez Mountains
in Santa Barhara County (S. Sweet, pers.
comm.). The southernmost populations of T,
torosn are highly fragmented and occur in the
Santa Monica, San Gabriel, and Santa Ana
Mountains (Stebbins 2003). Within San Diego
County, populations farthest south are peo-
graphically isolated from the rest of the range.
Jennings and Hayes {(1994a) reported these
populations as extirpated; however, since then
San Diego populations in the Cuyamaca Moun-
tains have been reparted to persist in zmall
isolated pockets of 15—z0 breeding adults in the
Boulder, Ceder, and Conejos Creek systems
{E. Ervin, pers. comm. in Kuchta 2005). Sur-
veys in the 19g0s of the foothills and moun-
tains around the Central Valley found Tarichn
species (T. torosa and T. granulesa) abzent from
more than half of historically occupied counties
{Fisher and Shafler 199%6). [ennings and Hayes
(1594a) estimated that a third of localities in
southern California have been extirpated. Sur-
veys from 2000 to 200z in the Santa Monica
Mountains and Simi Hills in southern Califor-
nia found T. torora present in 43% {15/35) of
streams {Riley et al. zoos). Taricha toresa
tended to be absent from urban streams, and
Riley et al. {2co5) hypothesized that this was
due to effects on habitat quality from artificial
flow repimes, increased presence of intreduced
species, and possibly also collection pressure.

Trends in Abundance

Historically, Taricka torosa was noted ag com-
mon zlong the Pacific slope (Klauber 1gz8,
Bogert 1gie, Klauber 1930, Dixon 1967,
Brattstrom ro88), and it may have been one of
the most abundant amphibians in California
(Jenninps and Hayes 1994a). Populations in
the upper Carmel Valley adjacent to the
Hastings Reservation in Monterey County
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numbered in the thousands in the early rgg9os
but have not been systematically resampled
more recently {(B. Shaffer and W. Koenig,
unpublished data). Southern populations in the
Santa Ynez Mountains of Santa Barbara County
may have always been small {Jennings and
Hayes 19944). Population size estimates are
not available, but populations in the south that
used to be in the hundreds are now in the tens
(R. Fisher, pers. comm.; E. Ervin, pers. comm.,
in Kuchta 20035), with populatiens in San
Diego County potentially on the brink of extir-
pation (S, Kuchta, pers. cormm.).

Nature and Degree of Threot

Major threats to Taricha torpsa include habitat
logs and degradation, wildfire, introduced spe-
cies, and vehicular traffic (Jennings and Hayes
19944). Sedimentation has caused a large
amount of habitat degradation, especially in
Los Angeles, Orange, Riverside, and 8an Diego
Counties (Jennings and Hayes 1994a), and T.
torosa is absent from previously occupied
streams in heavily urbanized watersheds {Riley
etal, 2005). Wildfare also contributes to habitat
degradation. Surveys before and afler a chapar-
ral wildfire along a perennial Santa Monica
Mountain stream in Los Angeles County docu-
mented a roughly 50% reduction in the availa-
bility of preferred pool and run habitat due to
erosion (Gamradt and Kats 1997). As a result,
epgg mass density was reduced by two-thirds
compared to prehire levels {Garnradt and Kats
1997). Terrestrial adults were observed to pro-
duce foamy skin secretions while walking
through a prescribed burn area of chamise
habitat in Monterey County {Stromberg 1997).

Negative effects of introduced predators on
T. torosa have been documenled. In the Santa
Monica Mountains in Los Angeles County,
intreduced crayfish {Procambarus clarkil) and
mosquitofish (Gambusia affinis) are predators
on T. torpsa and may be contributing tn declines
{(Gamradt and Kats 1996). Strearn surveys did
not detect either invasive species in the 1980s.
Resurveys in the 1990s of previously used
breeding habitats found no evidence of breed-
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ing iu streams with crayfish and mosquitofish
present. In one case, T. torosa recolonized a
reach following floods that removed crayfish,
supporting the hypothesis that crayfish exclude
newts from breeding habitat. [n field and lab
trials, survivorship of eggs and larvae was less
than 30% in the presence of crayfish. Mos-
quitofish did not affect egg survivorship but did
predate heavily on larvae. Only 46% of larvae
survived in the presence of mosquitohsh (Gam-
radt and Kats 19906}, Crayfish also aggressively
attack and chase adult T. torosa out of the water
(Gamradt et al. 1997). Native California tiger
salamanders {Ambystoma californiense) will
prey on T. torosa larvae where the two co-occur
around the Central Valley. However, recruit-
ment is even lower in the presence of hybrids
between native A. californiense and introduced
barred tiger salamanders (Ambystoma ligrinum
mavortium) (Ryan etal. 2009).

Bd has been documented in 7% {6fo0) of
T. torosa sampled from Santa Clara County
{Padgett-Flohr and Lonprore 2007}, but the
role of Bd in T. torosa declines is unknown. The
role of UV radiation in declines is also
unknowr. Anzalone et al. {1998) reared egps in
hield enclosures in the Santa Monica Moun
taing and found that eggs exposed to UV radia-
tien had 40% survivorship compared to Bo%
survivorship of eggs when UV was shielded
out. However, given that eggs are often attached
under rocks and to vegetation, UV is unlikely to
be responsible for large-scale declines in the
field {Palen and Schindier z2010).

Under climate change, mean annual tem
peratures are projected to increase throughout
the southern range of T. torose, with warmer
winters and summers and eaclier spring warm-
inp expected (reviewed in PRBO 2011). Thereis
less certainty about future precipitation pat-
terns, with estimates ranging from little change
to roughly 30% decreases in rainfall (Snydar
and Sloan 2005, PRBO zo11). Warmer and
potentially drier conditions may affect availabil-
ity of intermittent and ephemeral waterways
used for breeding. Snowpack reductions of up
10 ga% are predicted in southern California



{Snyder et al. 2004}, which will likely regult in
altered flow regimes. How T. torosa may
respond to these changes is unknown. The
probahility and extent of Jarge {>200 ha) fires is
expected to increage in the northern part of the
special concern range (Fried et al. 2004, West
erling and Bryant 2008). [ncreases and
decreases in fire probability and extent have
been predicted for southern California. There
is little consensus gn future fire dynamics in
this part of the range because of the difficulty
in modeling Santa Ana weather events {Wester-
ling et al. 2004, Westerling and Bryant 2zoo08),
Increases in fire are likely to negatively impact
T. torosa, Jargely threugh habitat degradation
bt possibly also through direct mortality. Pre-
dicted vegetation shifls due to climate change
include decreases in chaparral, shrubland, and
woodland, and increases in grassland area
{Lenihan et al. 2008, PRBQ 2ar1), Taricka
torose uses all of these habitat types, and the
eftects of shifts in their relative abundance and
distribution are unknown.

Status Determination

Documented extirpations and reductions in
density of remaining populations in southern
{alifornia, combined with occurrence in an
area of high human density, result ic a Priority
2 designation for southern populations of
Taricha torosa,

Moanagement Recommendotions

Disturbances such as roadbuilding and road
use, housing development, and water diver-
gions should be minimized or eliminated in
Tarichn torosa habitat. Known breeding habitat

should be a high priority for protection. Upland
terrestrial habitat also needs to be protected,
though the extent and configuration of upland
habitat required to rmaintain population con-
nectivity needs more gtudy. Measures to pre-
vent invasion or remove existing nonnative
predators are high-priority activities to stabilize
populations of this newt. Road mertality is a
clear issue in some areas, particulatly south of
the Santa Monica Mountains. Road signage has
been used to try to reduce road mortality in
Monterey County, although its effectiveness is
not known. Migration barriers and under-road
tunnels may reduce vehicular death in key
areas, thouph research is needed into the
design and efficacy of such interventions
{Schmidt and Zumbach zo08).

Monitoring, Research, ond Survey Needs

Research into terrestrial habitat use and move-
ment is critical for understanding habitat
requirements and potential corriders of move-
ment among populations, and these should be
undertaken for both stream- and pond-breeding
sites, Monitoring of sites where invasive species
have been removed should be conducted 1o
determine the long-term efficacy of removals
and the recavery time and stability nf popula-
tions following remeoval. Genetic analyses at the
landscape level could be very informative with
respect to both metapopulation dynamics and
habitat corridor use and should he conducted in
both relatively intact {e.g.. Santa Monica Moun-
tains) and more fragmented landscapes.
Research is also needed into potential manage-
ment strategies for deating with wildfire and erq-
sion control in order to protect breeding habitat.
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in Califarnia because it is our only legless hzard.
Though A. pulchra bears a superficial resem-
blance to some snake species, the presence of
moveable eyelids elfectively distinguishes it

Taxonomic Relationships

Hete we treat all California animals as a single
species, Anniella pulchra. There is substantial
evidence for papulation structure within this
species in California fram karyotype, allozyme,
mitochondrial DNA, nuclear DNA, and mor-
phological studies (e.g., Bezy and Wright 1973,
Bezy et al. 1977, Rainey 1985, Pearse and Pog-
son 20aa, Patham and Papenfuss zaag, Pap-
enfuss and Parham 2013). A recent genetic
study by Parham and Papenfuss (2009} identi-
fied five major lineages within California and
documented more extensive genctic diversity
within the species than previously reported,
Papenfuss and Parham {zor13) subsequently
proposed that these clades be elevated to spe-
cies status based on genetic information and
some additional data on morphology, This revi-
sion occurred as we were finishing our evalua-
tion of special concern status, and we retain the
traditional arrangement here to allow the her-
petological community time to evaluate this
proposed change in taxonomy.

Life History
Breeding occurs between early spring and July
in these live-bearing lizards, Oviductal egps
have been observed between July and Ociober,
and 1-4 young are born after a 4-month gesta-
tion perind {Miller 1944, Goldberg and Miller
198s5). Juveniles grow rapidly {2.5-4.4 mm
S¥L/month) and reach sexual maturity after
about 2 years at ~9 ¢m S5VL for males and afier
about 3 years at —12 cm SVL for females {Miller
1944, Goldberg and Miller 1985). Life span in
the field is unknown, but captive anirnals have
survived for almost 6 years (L. Hunt, pers.
comm.. in Jennings and Hayes 1994a).
Anniella pulchra is rarely seen active on the
surface, but they do use the soilflitter interface
for feeding and mating (Miller 1044}. Daily
activity patterns peak in the morning and
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evening, thaugh animals have been phserved
active at night {Miller 1944, Stebbins 1954,
Gorman 1957, Bury and Balgooyen 1970,
Kuhnz 2oo0c). Coastal and southern popula-
tions are likely active year-round, while inland
populations {e.g., Sierra Nevada foothills) may
enter a pericd of dormancy during cold months
(Banta and Moralka 1968, Zeiner et al. 1988).

Little is known abour mavernent ecalogy.
These fossorial lizards have been found at soil
depths from a few to 50 cm below the surface
(Miller 1944, Hunt 1984, Kuhnz 2000). Ani-
mals have been observed burrowing ta a depth
of 46 cm in the laboratory {Kuhnz 2o040). In
one short-term study {~2 months), 1o lizards
were recaptured within 1o m of their original
capture points (Miller 1944). A two-year PIT
tagging study documented an average home
range size of 71 m* {(Kuhnz 2a000).

Anniella pulchra prefers lower temperatures
than most other California lizards {~21-28°C
in lab trials, Bury and Balgooyen 1976; critical
thermal maximum 34°C, Bratistrom rgGs),
which iz consistent with a non-basking fosso-
rial lifestyle. Surface activity by this species is
likely limited by both ambient and substrate
temperature (Miller 19.44).

Little is known about the feeding ecology of
this species. Anniella pulchra is a peneralist sit-
and-wait insectivore {Cce and Kunkel 1906,
Mitler 1944) that eats larval insects {e.g., micro-
lepidopterans and heetles), adult beetles, ter-
mites, and spiders {[.. Hunt, pers. comm. in
Jennings and Hayes tgg4al.

Habhitat Requirements

At a regional scale, Anniella pulchre occurs in
sparsely vegetated habitat types including
coastal sand dunes, chaparral, pine-cak wood-
land, desert scrub, open grassland, and riparian
areas (Stebbins 2003; 5. Sweet, pers. comm).
At local scales, this lizard s a microhabitat spe-
cialist requiring sandy or loose loamy substrates
conducive to burrowing [Miller 1944, Gorman
1957, Cunningham 1959a, Banta and Moralka
19G8). Scils that are not used include gravel-
sized substrates and those with greater than



approximately 1o% clay content, resulting in
absence of this species from serpentine and
shale bedrock {S. Sweet, pers. comm ).

At a Monterey County coastal sand dune
site, A. pulchra used non-compacted, organic-
rich seil preferentially and were most abundant
in undistutbed soil types, although they were
also found in slightly cemented clay-fsilt-rich
sands {Kuhnz et al. zoo0s). Plant community
gtructure algo contributed to microhabitat suit-
ability, with A. pulchra more common around
native shrubs such as silver bush lupine, mock
heather, and yellow lupine and less common
around nonnative grasses, forbs, and iceplant
{Kuhnz et al. zoos). In the Mojave Desert, A.
pidchra can be found in leaf litter under juniper
trees (Juriperus) {. Parham and T. Papenfuss,
pers. obs.). Sail moisture may also be a limiting
factor for this species {Burt 1931, Miller 1944,
Bury and Balgooyen 1970). Kuhnz etal. {zo0%)
found more lizards in the low areas between
dunes than in other areas, which may be due to
water retention.

Distribution (Past and Present)

Most of the range of Anniella pulchra occurs in
California, from Contra Costa Couuty south
through the Coast Ranges, in parts of the San
Joaquin Valley, the western edge of the Sierra
Nevada Mountains, the western edge of the
Mojave Desert, and northern Baja California
{Hunt roB1, Jennings and Hayes 1594a).
Although most commonly found within 100
km of the coast, A. pulchra ranges in elevaticn
from sea level to about 1200 m (Hunt :g&3}.
Based on the assumption that A. pulchra
cannot persist in habitat where soil has heen
disturbed (e.g.. plowing, bulldozing), Jennings
and Hayes {rgg4a) estimated that ~20% of his-
torical habitat is no longer suitable, Patham
and Papenfuss (2000) noted that several locali-
ties they sampled around Bakersfield in the
early zo00s no longer existed by the time their
study was published. However, some popula-
tions have persisted in developed areas, partic-
ularly around fence lines, road verges, utility
corridors, and gardens {5. Sweet, pers. comm.).

For example, populations that were present in
the to7os were still extant in the 20005 in Fon-
tana, San Bernardino County, in residential
areas that were formetly the Delhi Dunes
(S. Barry, pers. comm.). Annielle pulchra has
also been observed in irrigated gardens in Con-
tra Costa County where naturally sandy soils
are available {E. Ervin, pers. obs.). The long-
term viahility of populations in such developed
areas is au irnportant research question.

Trends in Abundance

Very few population size estimates are available
for this cryptic species. Anniefla puichra can be
locally abundant, with the highest documented
density of 1.67/m?* occurring under a single yel-
low lupine bush in coastal dune habitat at Moss
Landing, Monterey County [Kuhnz et al. 2005).
Given the high degree of development within
its coastal range, we suspect that some popula-
tions are declining. In particular, the black
form on the Monterey Peninsula may be at
great risk given the substantial development
pressure in the region.

Noture and Degree of Threat

The greatest threats 1o Anniella pulchme are
habitat loss and degradation, and climate
change is also a potential emerging threat.
Anthropogenic impacts that disturl soil mois-
ture levels or result in goil compaction likely
degrade habitat suitability for this species.
While some disturbance may be tolerated,
development that covers large areas (>8 ha) can
potentially cause local extinctions of A. pulchra
{8, Sweet, pers, comm.). Invasive plants may
also have a negative impact en habitat suitabil-
ity and abundance (Kuhnz et al. 2005]. Over
the next 100 years, meau annual tempetature is
expected to increase throughout the range of
A. pulchra {reviewed in PRBO zo011). There is
greater uncertainty in how precipitation will
chanpe, with some madels predicting decreases
in precipitation of up to 37% and other models
predicting no change or only moderate declines
(Bell et al. 2004, Snyder et al. 2004, Snyder
and Sloan 2005, PRBO 2011). Warmer and
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drier conditions might limit activity to deeper
soit depths, although the population impacts of
such a shift are unknown. Alterations in vege-
tation communities due to climate change may
pose a larger threat to this species, as increases
in grassland habitat are predicted through
much of its Tange with concomitant decreases
in preferred open habitat types such as coastal
scrub, particularly in southern California
{Lenihan et al. 2008, PRBO zon1). The fre-
quency and size of fires in the Coast Ranges is
expected to increase up to §6% by the end of
the century {Fried et al. 2004, Lenihan et al.
2008, Westerling and Bryant 2008). Fire
dynamics are more difficult to predict in south-
ern California, partly due 1o the role of Santa
Ana winds (reviewed in PRBO 2011, Franco et
al. 2011}, How fire affects A. pulchro is
unknown. Direct mortality effects may be
small due to its subterranean lifestyle, althaugh
indirect negative eflects may occur through
habitat shifte and changes in s0il chemistry.

Stalus Determination

Annielle pulchra is a near-endemic, ecologically
specialized lizand with much of its range occur-
ring in. heavily populated and impacted coastal
areasg. Little data is available on the abundance
of this cryptic species, particularly in non-dune
habitats, which limits our ability to quantify
population trends or document extirpations.

Management Recommendations

Pratection of dune areas both along the coast
and in the Coast Range is critical. In occupied
areas, disturbances such as development, apri-
culture, and ofl-highway vehicle use should be
reduced or eliminated. Activities that compact
soil, in particular, should be avoided. Given that
Anniella pulckra appears to persist in some
developed areas provided that sandy soils and
native plant communities remain intact, incen-
tivizing or requiring natural landscaping in
low-density housing (as has been done in
Monterey County for the federally and state
endangered Santa Cruz long-toed salamander,
Ambystoma macrodactylum croceum) may allow
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lizards to coexist with some development. The
spread of nonnative plant species into remain-
ing habitat should be minimized. Eradication
of invasive plants and restoration of native veg-
etation may help increase A, pulchra density
and should be explored.

Monitoring, Research, ond Survey Needs

With a few exceptions {e.g., Miller 1944, Kuhnz
et al. zoos), little is known about Anrielin pui-
chra abundance across its range. Studies of
basic ecology are needed in other parts of the
range and in other habitat types. Minimally,
surveys summarizing habitat use, soil charac-
teristics, and population density in coastal
southern California and the sauthern Sierra
Nevada should be conducted to complement
work in Monterey County. Understanding
under what conditions this species can persist
in human-disturbed habitats would be valua-
ble, particularly with respect to soil characteris-
tics and fragmentation that occurs as a conse-
quence of urbanization and agricultural land
uge. Anniella pulchra co-occurs with Argentine
ants {Linepithema humile) along the coast, but it
is unknown whether this introduced species
has any substantial impacts on A. pulchre.
Presence and abundance of this cryptic spe-
cies are both difficult to assess, and more
research into the best sampling methods for
different habitats would be useful fer the devel-
opment of monitoring efforts. In a comparison
of survey techniques in dune habitat in
Monterey County, Kuhnz et al. {2005) con-
cluded that time-consirained searches were the
most reliable method for detecting A. puichrz
presence across a range of population densities
and dune vegetation types. In time-constrained
searches, surveyars searched the surface, wunder
dried vegelation or cover objects, and up to 15
cm below the surface. Kuhnz et al. (zaa05)
noted that all survey methods were poor at
detecting lizards at low densities of —1/100 m?,
and even time-constrained searches greatly
underestimated density compared to depletinn
raking {raking of substrate until one or fewer
individuals were found per 40 hours of search



efforl). However, these results may not apply in
general across habitat types. For example, some
investipators prefer to use cover objects at
inland sites where A. pulchra is relatively rare
(J. Parham, pers. comm.).

Additional genetic analyses at the pepula-
tion level may be the best way to efficiently
determine the effective population size and
genelic connectivity of apparently isolated pop-

ulations. Particularly in conjunction with
intensive time-constrained surveys, genetic
data can be used to measure hahitat-specific
gene flow, current population size, and changes
in papulation size. We recommend that appro-
priate genetic markers be developed and that
tissues be collected and deposited in appropri-
ate repositeries for such analyses.
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spotted pattern (Stebbins 2c03; R. Fisher, pers.
ommn.j.

Within its ranpge, A. t. stejnegeri is only likely
to be confused with its congener, the orange-
throated whiptail (A. hyperythra}. Both lizards
have similar body shapes and scalation, though
A. hyperythra is usually smaller (5-7.2 cm SVL)
and is marked with well-defined light stripes
and an intervening dark ground color (Stebsbins
2003). In addition, the males of A. hyperythm
develop a conspicuous bright orange coloration
on the throat and underside of the body and
juveniles have bright biue on the 1ail (Stebbins
2003, Lemm 2000).

Taxonomic Relotionships

No modern studies of phylogenetics, phyloge-
ography, or species boundaries exist within the
Aspidoscelis Hpris species complex, although the
validity of this subspecies has not been ques-
tioned. Reeder et al. {2002) presented a phylo-
genetic analysis of whiptail lizards of the genus
Cremidophorus (sensu late) and showed that
the genus, as historically defined, was not
monophyletic. To remedy this, they moved
North American whiptails to the genus Aspido-
scelis, an arrangement that is now widely
accepted.

Some confusion surrounds the application
of the name A. t. stejnegeri in the literature. A
closely related whiptail occurs as an insular
endemic on Isla Cedros, Baja California, Mex-
ico, which maost authors refer to ag the subspe-
cies A. t. multisculate {previously, Cremidopho-
rus tigris multiscutatus), However, others have
treated A. t. stefnegeri as a junior synonym of A.
t. multiscutate and refer hoth the insular
endemic and the coastal southern California
forms tothis latter name. Thus, some literature
referring to the A. tigris subspecies in southern
California uses A. t. multiscutata. This has
sometimes led authors to consider the two
names to refer to two separate biological taxa
that both oceur in southern California {Maslin
and Secay 1986). To clarify, there is only a sin-
gle member of the A. tigris complex in coastal
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southern California, and its currently accepted
name is A. t. stefregeri.

Life History

The life history of Aspidoscelis tigris stejnegeri is
poorly studied, particularly within its Califor-
nia range, although it is probably similar to
other subspecies within the A. rigris species
complex. This is a diurnally active, wary lizand,
which rarely stops maving during its activity
petiod. Aspidoscelis tigris stejregeri is a general-
ist predator that actively searches for insects,
spiders, scorpions, and other small arthropods,
including larvae {Grismer 2002, Lemm 2006).
Some subspecies in the complex are known to
prey upon small lizards, though this has not
been documented in A. L slefregeri to our
knowledge. Aspidascelis tigris stgjnegeri is a rela-
tively high-ternperature specialist that emerges
to begin foraging in late morning as the air
temperature rises. [f can becaome active ag early
as mid-March and remain so until early Octo-
ber, although juveniles ran remain active into
Novemnber {Grismer 2002). When active, A. £
stefnegert moves with a distinctive pait, taking a
step, halting briefly, then moving again in rapid
succession.

Reproduction takes place in spring and
summer. Grismer (2002} documented pravid
fernales and courtship behavior in mid-July in
Baja Califernia, Courtship may occur earlier in
the California populations (Lemm zoof),
although few data exist. Hatchlings begin to
appear in late July and August in Baja Califor-
nia; again, this may occur earlier in California
{Grismer zo02, Lemm 2000).

Habitat Requirements

Aspidascelis tigris stejnegeri can be found in a
wide variety of habitats within the California
pottien of its range, including coastal sage
scrub, chaparral, riparian areas, woodlands,
and rocky areas {Lemm 2006). Early observa-
tions of this subspecies in California, as well as
data from the Baja California portion of the
range, indicate that the species prefers sand-



and/or pravel-botiomed habitats and brushy
areas associated with washes—habitats that
have largely been destroyed by development in
southern California (J. Gtinnell, pers. comm.,
reported in Van Denburgh 19232). The species
continues to persist outside of these preferred
habitats, particularly in open chaparral and
coastal sape with a gravelly substrate (Grismer
2002, Cooper and Matthewson z2008),
although possibly at reduced densities. Aspidos-
celis Hgris stejnegeri requires large blocks of con-
tiguous habitat and is rarely encountered where
development and roads have frapmented the
avaitable habitat [Case and Fisher zco1.
Brehme 2003, Cooper and Matthewson 2008).

Distribution (Past and Present)

Aspidoscelis tigris siejnegeri was formerly present
in California from the southern slopes of the
Transverse Ranges south to the United States—
Mevicn border and east to the Peninsular Ranges
{Van Denburgh 1922}, In Mexico, it ranges far-
ther south between the coast and the western
slopes of the Peninsular Ranges, eventually inter-
grading with the reddish whiptail {A. ¢. rubida) in
the Vizcainag region of the central Baja Calikornia
peninsula. In Calikernia the species occurs from
sea level to about 1500 m (Lemm 2006).

The species is apparently extirpated, or
nearly so, from large areas of the Los Angeles
basin and the San Diego region due to habitat
loss. By 1922, the species was already scarce in
the vicinity of Pasadena, reportedly as a result
of habitat loss due to development {J. Grinnell,
pers. comen. reported in Van Denburgh 1922).
Further declines have occurred throughout the
Los Angeles basin and in coastal San Diego
County {Stebbins 2003; R. Fisher, pers.
comm.}. Much ofthe inland ranpe is still intact,
though increasing wildfires may pase a threat
{Rochester et al. zo10).

Trends in Abhundance

Few data exist regarding historical abundance
of this species, although it is susceptible to
habitat fragmentation and development.

Cooper and Matthewson (zo0R) reported that
the species iz rarely encountered in gmall habi-
tat patches and is an indicator species for large
blocks of unfragmented coastal sage and
chaparral habitat. Grinnell (1g08) reported see-
ing “many of them"” along the lower Santa Ana
canyon, San Bernardinoe County, California, in
1905. This area is now heavily modified and
does not provide idzal habitat for this taxon. By
1922, the lizard was reportedly “rare” in the
vicinity of Pasadena because of habitat frag-
mentation and loss {]. Grinnell, pers. comm.
repotted in Van Denhurgh rg22), although
Bopgert (1930} reported it as being moderately
commen throughout the southern foothills of
the San Gabriel Mountains and most of the
Santa Monica Mountains. Atsatt (1913} reported
that it was frequently encountered throughout
several areas of the San Jacinto Mountains, Riv-
erside County, California, Because habital frag-
mentation and loss have continued to occur
throughout its ranpe, it is reasonable to assume
that declines are continuing.

Nature and Degree of Threat

The primary threat facing Aspidoscelis tigris sle-
Jnegeri is habitat loss and fragmentation due 1o
development. This species occurs in some of
the largest population centers within California
and requires relatively large habitat blocks,
making it particularly susceptible to urbaniza-
tion. Further, the increasing frequercy and
intensity of wildfires in southern California
may convert large portions of its remaining
habitat to subnptimal grassland, causing fur-
ther declines in range andfor abundance
{Lemm 20006, Rachester et al. 2010, R. Fisher,
pers, comm.). Projections from several climate
models sugpest that the frequency and inten-
sity of wildfires in southern California could
increase, although these resulis appear to be
strongly dependent on the model that is
employed [Cayan et al. 2008b, Franco et al
2011, PRBO zon). If this occurs, additinnal
habitat destruction is likely to occur, negatively
impacting this species.
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Status Determinatian

Documented and engoing declines in the dis-
tribution of this species, coupled with ongoing
suspected declines in abundance, are the pri-
mary contributors to this status. Aspidoscelis
tigris stejregeri also has a relatively small range
in California. Projected impacts from wildfire
{which may increase with future climate
change) coupled with the above impacts justify
2 Priority 2 status.

Management Recommenduations

Conservation of remaining habitat is essential
for the long-term protection of this species.
Habitat protection efforts should focus on
maintaining large, unfragmented blocks, and
this species should be included in larpe-scale
planning elforts like Natural Community Con-
servation Planning where the process permits.
Establishing the minimum size of habitat
blecks is a critical research need. Until these
data become available, additional fragmenta-
tion and degradation should be prevented in
habitat patches that currently support this
taxon, and corridors of suitable habitat that con-
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nect occupied patches should be identified, pro-
tected, andjor restored as necessary.

Monitering, Research, and Survey Needs

Additional data on this taxon's home range size,
habitat requirements, and movement ecalogy
are required to determine the minimum patch
sizes and maximum amount of fragmentation
that can support viable populations. As for many
active, wide-ranging species, the elfects of road
traffic on mortality would be valuable informa-
tion for future management elforts. Abundance
surveys should be conducted in remaining pop-
ulations of Aspidescefis tigris stefnegeri. Informa-
tion on abundance should be cotrelated with the
local habitat patch size to better understand the
minimum patch size required for population
persistence. Further research should examine
the effect of moderate habitat fragrmentation on
existing populations iFhabitat corridors between
patches can e maintained. Given the patchy
nature of the species, a landscape genetic
approach that quantified both connectivity and
e[fective population sizes of remaining popula-
tions weuld be valuable.









coloration is often more pronounced and
contrasting,

In Califernia, this subspecies is only likely
o be confused with other geckos that occur
nearby. The closely related desert banded gecko
(C. v. variegatus) is parapatric with C. v. abbott]
along the Peninsular Ranges of Southern Cali-
fornia and adjacent Baja California, Mexico,
The two taxa are best distinguished based on
color pattern, locality, and size. Although color
and pattern in both subspecies are variable, C,
v. varicgatus generally lacks the nuchal collar,
oftenn has wider and less well-defined dark
bands, has extensive spotting on the head, and
attains larger averall body sizes {up to 7.1 cm)
{Klauber 1945, Grismer 2002, Stebbins 2003,
Lemm z006]. The two subspecies intergrade
across narrow contact zones in Baja California
and probably also in southern California, with
C.v. mbbotti occurring on the coastal side of the
Peninsular Range mountains and C. v. variege-
tus o the inland side (Klauber 1945; D. Leavitt,
pers. comm.). In some areas, animals that are
morphologically referable tn C. v. abbotti are
genetically more similar to C. w varicgatus
{D. Leaviti, unpublished data; see the “Taxo-
nomic Relationships” and "Distribution” sec
tions). The barefoot banded pecko (C. switaki)
also has a superficially similar appearance but
is more rarely encountered. In California, it has
only been found it a narrow area of the Penin-
sular Range. Other geckos in southern Califor-
nia have expanded toe pads and immovable
eyelids and are often extrermne habitat specialists
(Stebbins 2003).

Taxonomic Relationships

Coleonyx vericgatus abboiti is a close relative of
C. v. variegmtus. [ts initial description was based
primarily on coloration, pattern, and scalation
(Klauber 1945). Sequence data frem seven
nuclear DNA markers confirm the distinctive-
ness of C. v. abboiti but also restrict the known
range (see the “Distribution” section). The two
taxa are not genetically isolated but have an
abrupt genetic and morphological contact zone

in Baja California and possibly also in Southern
California (D. Leavitt, unpublished data).

Life Histary

The life history of Coleonyx variegatus abbolti is
poorly studied, although it is likely similar to
that of the better-studied C. v. wariggalus in many
respects. Coleonyx variegatus abbotli is active
from March urtil September or October (Lemm
20006}). Itis nocturnal, emerging from rock crev-
ices and burrows usually within z hours follow-
ing sunset. Like other geckos, it is a predator,
presumably taking a variety of small inverte-
brates, although the diet hag not been studied in
detail { Kingsbury 1989, Grismer 2002).

Reproduction takes place in late spring.
Femazles lay one or two eggs at a time (Lemm
20006). Other subspecies of C. varicgaius are
known to lay up to three clutches per year
between May and September {Silebbins 2003),
and this may also occur in C. v. abbott. Juve-
nilez have been found as late as September
{Lemm 20006).

Habitat Requirements

Coleonyx variegwius abbotti is restricted to rocky
coastal sage and chaparral habitat, usually in
areas between 150 and 9oo m in elevation
(Lemm 2006). Klauber {1945) noted that the
subspecies seems to prefer areas with granite
outcrops, though it is not restricted to them and
has been found in dry rocky riverbeds. Most
specimens have been found under caver objects
or on roads at night. [t is more frequently found
undet large cap rocks than under the small
rack flakes favored by other small lizard species
such as the granite night lizard (Xontusio hen-
shawi) (Klauber 1945). Extensive pitfall trap-
ping data indicate that C. v. abbaiti is absent
from areas with a high intensity of artificial
night lighting {Perry and Fisher 2006; R.
Fisher, unpublished data).

Distribution {Poast and Present)

Qnpgoing genetic analyses of the Coleonyx vari-
egatus complex are revising our understanding
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of €. v. abbetti's distribution, and thus our cur
rent concept of its range may change as these
studies are completed. Histarically, all Coleonyx
ranging from the United States—Mexico border
north along coastal and cismontane Southern
California were considered C. v. abbotti. How-
ever, genetic data indicate that the range is
more limited and primarily restricted to San
Diego County, with populations farther north
belonging to C. v. variegatus (D. Leavitt, unpub-
lished data). The extent of the potential inter-
grade zone between the twn subspecies is not
yet well understood. In Mexico, C. v. abbotti
ranges from the border south along coastal and
cismontane Baja California to the vicinity of
Catavifia, then extends east across the penin-
sula and south, eventually intergrading with
the Peninsular banded gecko (C. v. peninsulu-
ris) in the Vizcaino mid-peninsula region.

Geckos have disappeared from much of
coastal San Diego County, primarily in areas
with high-intensity artificial night lighting
{Parry and Fisher 2006). Whether night light-
ing itself or other habitat changes assaciated
with artificial night lighting drove the declines
iz not well studied. Development and agricul-
tural impacts have also extirpated geckos from
game areas {R, Fisher, pers. comm.}.

Trends in Abuntdance

Few quantitative data on historical or current
abundanceg are available, although Coleonyx
variegarus abbotri is less frequently encountered
than C. v variepatus farther east {Lemm 20006},
This was appatently also the case historically.
Klauber {1945) specifically noted that C. v,
abbotti was less common throughout its range
than C. v varicgatus. Bogert {1930} alsa reported
that the peckos were rare in Los Angeles
County, although genetic data suggest these
might actually have been C. v. variegatus. Pitfall
surveys indicate that the subspecies is found at
a small number of sites within southern Cali-
fornia {7 out of 21 survey areas, 15 individuals
in total) compared to lizard species occupying
similar habitats (Case and Fisher 2001). How-
ever, these surveys were not designed to specifi-
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cally target Coleonyx, and no historical baseline
data exist with which to compare current
abundances.

Nature and Degree of Threat

The primary threat facing Coleoryx variegatus
abbotti is apparently habitat loss due Lo agricul-
tural and urban development, including deaths
from auternobile traffic. Some data further sug-
gest that artificial night lighting is correlated
with declines, although no causal link has been
established. Climate change within its limited
range is expected to increase the frequency and
intensity of wildfires, which could deprade
sorme currently suitable habitat, Finally, C. v.
abbotli is encountered relatively rarely even in
suitable habitat, which poses significant chal-
lenges in monitoring pepulation trends and the
impacts of habitat disturbance.

Stotus Determinagtion

Coleonyx variegaius sbbotti has a restricied
range in California that falls within an area that
is currently experiencing a large amount of
development. Some data suggest that the sub-
species has disappeared along the coast in a
substantial fraction of its range. This, coupled
with the ongoing habitat loss due to develop-
ment and wildfire, could reduce the current
distribution further and justifies a Priority 3
Species of Special Concern designation.

Management Recaommendations

The moest important management priority for
Coleonyx variegatus abbolli is to protect temain-
ing habitat, Qur current understanding of habi-
tat requiremnents and this taxon’s sensitivity to
habitat degradation is unfortunately weak, and
there is a strong need for additional study
before a therough and informed management
strategy can be developed.

Monitoring, Research, and Survey Needs

The relative rarity with which this subspecies is
encountered makes the detection of past and
ongoing declines difficult. A comparison of sur-
vey pratocols for this subspecies, including



time-constrained searches and pitfall trapping
should be initiated. A goal of this comparison
ghould be to develop a survey protocol that is
capable of detecting changing abundances. A
mark-recapture study would help determine
whether the apparently low population densities
currently observed reflect detectability or true
popnlation numbers. This should include a
power analysis to clarify the trapping intensity
needed in order to detect changes of varying
magnitude. Surveys should include relatively
pristine sites, moderately disturbed habitats,
and those with varying degrees of artificial
night lighting. Survey data should also be nti-
lized to informn our undersianding of habitat
preferences, seasonality, and life history in this
taxon,

Additional genetic surveys should alsa be
undertaken to Further clarify the range limits
and genetic differentiation among members
of the Coleonyx variegetus comnplex. [n particu-
lar, contact zones between different subspe-
cies should be further studied in order to
develop a clear understanding nf the range for
both taxa in southern California. Landscape
genetic studies would help to inform manage-
ment in terms of connectivity of remaining
populations and potentially help identify habi
tat corridors. Information from genetics, mor-
phology, and survey data should be integrated
to develop a more comprehensive understand-
ing of differentiation between this subspecies
and other members of the C. variegatus
complex,
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two similar congeners occur in much of Cali-
fornia: the northern alligator lizard (E. coer-
wlea) and the southern atligator lizard (E. multi-
carineta). Neither of these species has the
pattern of broad strongly contrasting cross-
bands down the length of the body. The cross-
bands are usuaily interrupted by a longitudinal,
middorsal stripe in E. ceerulex and are much
narrower in E, muiticarinata (Stebbins zoo01).

Taxonomic Relationships

Different studies have recovered discordant
phylogenetic placements of Elgaria paramin-
tine. Good (1988) recovered a sister relation-
ship between E. panamintina and the Madrean
alligator lizard (E. kingfi} from Arizona, using a
dataset composed of 34 allozyme loci. More
recent studies find that E. panemintinag is
nested within E. multicarinata, 2 placement
that was supported by both mitochondrial
sequence data (Feldman and Spicer 2006) and
nuclear sequence data {D. Leavitt et al., unpub-
lished data}.

Leavitt et al. (unpublished data) found low
levels of variation among populations of E. pan-
amintinag and no evidence for recent or ongoing
gene How between this species and other
Elgaria in western North America. The discord-
ance of the allozyme and nuclear sequence
data, and therefore the monophyly of E. multi-
carinata with respect lo E. paraminlina, awaits
further investigation.

Life History
The life history of E. panamintina is poorly
understood. The species spends a large amount
of time in rock piles and deep vegetation or
brusgh, so it is not commnnly observed (Steb-
bins 1958, Macey and Papenfuss 1ggib). We
presume that many aspecis of E. panaminting's
lifa history are similar to that found in the
better-studied E. multicarinate, particularly
given the recent molecular evidence of their
very close relationship.

Elgaria panaminting emerges from hiberna-
tion in late winter or spring, with higher-eleva-
tion pepulations becoming active later in the
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year. The species is generally diurnal in the
spring through midsummer, when it may
switch to nocturnal activity or aestivation, pre-
sumably as a respense to increasing daytime
temperatures {Stebbins 1938, Banta 1963,
Dixon 1975, Stebbins zo003). Reproduction has
not been documented in the wild, although
captive animals have been observed copulating
in mid-May [Banta and leviton 1961). Elgaria
multicarinata enters reproductive condition at
this time of year as well (Goldberg 1972), so
we assume that reproduction occurs in mid-
spring, although the precise timing likely
depends on elevation. Goldberg and Beaman
{2003] examined sperm formation in museum
specimens and concluded that reproduction
takes place during the spring. Like E. muiticari-
nite (and unlike E. coerulea), E. panaminting is
oviparous. Elgaria multicaringta typically lays
eggs in early summer, and we assume that E,
panaminting does as well (Goldberg 1972). The
timing of reproductive events in E. multicari-
natz varies among areas, with some popula-
tiens producing only one clutch a year and oth-
ers up to three (Burrage 1905, Goldberg 1972).
No data on the number of clutches produced
per year nr incubation times exist for E. pan-
aminting, alkthough Goldberg and Bearnan
{2001) report a clutch size of four eggs from a
single museum specimen,

Dietary data are lacking. We presume that
E. panamintina is likely a peneralist predator
like E. muiticarinats, The latter feeds on a wide
variety of insects and other small arthropods,
including spiders, centipedes, and scorpions, as
well as on small vertebrates, including mice,
birds, and lizards (including consperifics}
(Cunningham 1956). Qbservations in captivity
found no obvious differences in feeding behay-
ior between E, panamintina, E. multicarinata,
and E. kingii, and we tentatively assume that
feeding behavior is alsn similar in the wild
{Stebbins 1958).

Elgaria species have a lower thermal toler-
ance than most sympatric lizards, which may
allow them to maintain higher activity levels in
the shaded moist halitats in which they are



most comrnonly found {Cunningham 1956,
Stebbins 1gsE). Predation on E. pamaminting
has not been recorded, though we assume that
they are preved upen by co-distributed lizard-
eating snakes (e.g., coachwhips [Masticophis]
and paich-nosed snakes [Salvadeorw]) and birds
{e.p., raptors and roadrunners {Geococcyx]).

Habitat Requirements

Elgaria penamirting are most frequently found
in rocky canyons in the immediate vicinity of
permanent springs and seeps that are patchily
distributed across their limited range (Stebbins
1958, Macey and Papenfuss 19g1b). The species
usually occurs in or adjacent to narrow strips of
riparian vegetation immediately elow springs
and in deep leaf litter and rock piles along the
margins of riparian habitat (Stebbins 1958,
Macey and Papenfuss 1991b, Jennings and
Hayes 1094a). Elgaria panaminting was initially
thought to be restricted to these areas, but pit-
fall trapping surveys have documented their
presence in arid areas well away from water
{Banta 1963). Few quantitative data are available
on the relative frequency of arid versus mesic
habitat use, and it seems likely that populations
require permanent water for persistence.

Distribution {Past and Present}

Elgaria panamintinag occurs in relatively remote
regions of the Great Basin in California. Given
the difficulty of accessing rnuch of its potential
habitat and the limited wotk on the spacies 1o
date, it may occur more widely than has so far
been recorded, The known ranpe encompasses
many of the desert mountain ranges of [nyo
and southern Mona Counties, including the
Panamint, Inyo, Melson, Argus, and Cose
Mountains, as well ag the western glopes of the
White Moumntains {Macey and Papenfuss 19g1b,
Banta et al. 1996, La Berteaux and Garlinger
1998). The known elevational range extends
frem 760 to 2290 m (Dixou 1975, Macey and
Papenfuss tggib, Stebbing 2003).

The species’ present-day distribution is
likely relictual, resulting from pradual drying
of the Great Basin throughout the Pliocene and

Pleistocene, This general drying has preszma.
bly izolated the remaining populations around
the few remaining water sources (Stebbins
1958, Good 1988).

Trends in Abundance

No data are available reparding current or his-
torical abundance, although habitat degrada-
tion due to mining, livestock grazing, and ofF-
highway vehicle use has likely resulted in
population declines (Jennings and Hayes
1g94a). Given the very sensitive nature of the
remaining islands of mesic habitat in the
region, surveys of both population size and
connectivity via arid habitat cccupancy are
needed to provide baseline information on cur-
rent status,

Nature and Degree of Threat

The primary threat to this species is habitat
loss or alteration in its already small range.
Many of the known localities oceur on private
land and are vulnerable to mining, livestock
grazing, ofFhighway vehicle use, and/or diver-
sion of the water sources. Climate change could
potentially impact this species if changes in
hydrology cause springs 1o dry up ot become
less regular in their flow regimes.

Stotus Determination

Elparia panaminting is a California endemic
with a very small range. It primarily occurs in,
and is likely dependent upon, uncommon,
small patches of mesic habitat that are scattered
widely throughout its range. Each habitat patch
I8 sensitive to several potential disturbances,
and if local extirpations nccur, natural recoloni-
zation seerns unlikely. Nearly all known Jocali-
ties occur on unprotected Jand and are subject
to further alteration (Jennings and Hayes
1994a). These factors all contribute to a Priority
3 designation.

Management Recormmendations

Terrestrial habitat surrounding permanent
springs and seeps should be protected from
water diversion and destruction or alteration of
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riparian vegetation. There may well be conflicis
with livestock and large feral mammals since
these animals may trample or otherwise dis-
turly the vegetation and leaf litter surrounding
desert springs. Elgaria penaminling may also
accur at additional springs outside of its cur-
rently known range; therefore, riparian areas
throughout the area should be preserved to the
extent possible, even if E. panaminting has not
yet specifically reen documented at them.

Monitoring, Research, and Survey Needs

Surveys should be conducted at additional
springs surrounding the known distribution of
Elgarin pananminting. Thege surveys should
involve pitfall trapping andor drift fence arrays,
in order to increase detection probabilities. A
therough understanding of E. panaminting's
habitat requirements would be invaluable in
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determining what habitat modifcations can he
made to riparian areas without negatively
impacting the species, as well as identifying
suitable areas to focus survey efforts to look for
new populations, A key question is the extent to
which the species uses arid habitat away from
springs, both as corridors for dispersal among
springs and as upland habitat. Both drift fence
gurveys of this habitat and landscape genetic
analyses af known spring populations may cou-
tribute to preater understanding of habitat use
in this species. The lack of basic life history
information on E. penaminting also needs to be
addressed. Mark-recapture surveys would yield
important information about population sizes
and the extent of migration between springs.
This basic information iz crucial for any kind of
active management and is largely lacking at the
present time,









(Mahrdt et al. 2o10). Flecking is generally
present on the sides, and females in breeding
condition develop bright orange or red spots on
the sides and underside of the ail {Stebbins
2003). In addition, there is pronounced sexual
size dimorphism, with females averaging
6.5 mm larger in SVL and 1.3 mm in head
length than males {Lappin and Swinney 1999,
Goldberg et al. 2c10).

[n California, G. copeii is unlikely to be con-
fused with other lizards within its range. How-
ever, it is found immediately adjacent ta the
rarpe of the more widely distributed long-
nosed leopard lizard (G. wislizenii), within
which G. ropeii appears to be phylogenetically
nested {McGuire et al. 2007). Gambelin wislize-
nii populations that are adjacent to G. copei are
generally paler, with dorsal coloration ranging
from off-white to tan and many moderately
sized spots asymmetrically scatlered along the
dorsal surface {McGuire 1996, Grismer 2002).
The spotting in G. wislizenii dees not fade ante-
riorly, and small spots generally occur on the
head (McGuire 1596, Stebbins 2003, Mahrdt et
al. 2010},

Taxonamic Relationships
Though it was described over a century ago,
Gambelia copeti wags not widely recognized as a
distinct species until recently. Morphologically
and genetically, G. copeii is similar to G. wisfize-
nil, which led many authors either to consider
the two as conspecifics or to recognize them at
the subspecific level. MeGuire {1996) provided
a comprehensive systematic analysis of the Cro-
taphytidae (the family in which Gambelia is
included) and argued for the recoguition of G.
copeii as a distinct species, based in large part
on the presence of a narrow 2one of syrmpatry
between the two species in Baja Califormia,
Mexico. Following McGuire's monographic
review, the species became widely accepted.
Phylogenetically, G. cepelf appears to form a
monophyletic group that is nested within C.
wisiizenii {(McGuire et al. 2007), although this
result is based on an analysis of mitochondrial
data alone and requires further verification,

Rates of potential gene flow and/or hybridiza-
tion within the 2zone of sympatry have not been
measured,

Life History

Little is known about the natural history of
Gambelia copeif, and the limited information
that is available comes from populations that
occur farther scuth in Baja California, Mexico.
We assume that the California populations are
similar in most aspects of their life history to
populations from the northern regions of Baja
California,

Gambelia copeii emerges from hibernation
as early as mid-Mazch in northetn Baja Califor-
nia, with adults remaining active at least until
September (Grismer 2002). The breeding sea-
son begins in March or April and lasts at least
until July {Fitch 1970, McGuire 1996, Grismer
2002, Goldberg et al. 2010}). Grismer (2002)
teported a single female in breeding coleration
in August at the southern end of the species’
range near Todos Santos, Baja California Sur,
suggesting that the breeding season could
extend much later in the north. Gravid females
have been documented in both March and
June, providing sorne evidence that G. copeii
may produce multiple clutches in optimal years
{Fitch 1970, Goldberp et al. 2010}. [n a sample
of 10 museum specimens, the mean clutch size
was § and did not appear to depend on female
body size {Goldberg et al. 2010).

Gambelia copeil is primarily an ambusgh
predator that preys upon other lizards, includ-
ing whiptail lizards (Aspidescelis), zebra-tailed
lizards (Ceflisaurus), and side-blotched lizards
(Uta), as well as arthropods (McGuire 19906,
Grismer 2002).

Habitat Requirements

Gambelin copeii occurs across a wide latitudinal
gradient and tolerates a variety of ecological
conditions throughout its range. Little pub-
lished information exists for California papula-
tions, although the species appears to prefer
open habitat in mixed chaparral and sage scrub
(R. Fisher, pers. comm., C. Mahrdt, pers.
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comm.}. In Baja California, the species occuts
across a wider variety of habitat types, although
thig likely reflects habitat availability through-
out the Baja California peninsula rather than
specialtization of California populations,

[n northern Baja California, G. copeii occurs
on mesas and foothills in scattered patches of
chaparral and inland sage scrub with coarse
sandy geils {C. Mahrdt, pers. comm.) and in an
increasingly wide variety of habitat types far-
ther south in Baja California (Grismer 2002}
Gambelia copeii apparently prefers relatively
open habitat throughout the diversity of plant
commmumnities in which it is found.

Distributipn (Past and Present)

In California, Gambelia copei is restricted to an
approximately 7o km?® area centered around
Campo and Potrero Valleys in extreme south-
ern San Diego County (Mahrdt et al. zo10; C.
Mahrdt, pers. comm.). However, recent field
surveys have failed to reconfirm this species at
several sites in both Potrero and Campo Val-
leys, and the speries may be locally extirpated
at same of these sites particularly along the
western edge of its ranpe (R, Fisher, pers.
Comm. ).

Dutside of California, G. ropeii occuts from
the California border throughout much of the
Baja California peninsula south at least as far
as Todos Santos {Grismer 2002). Few data exist
on chanpes in distribution, although agricul-
tural expansion and development in northern
Baja California are likely to cause declines {R.
Fisher, pers. comum. ).

Trends in Abundance

Few data exist regardiug historical or present
abundance in California. Unpublished pitfall
trapping data collected over a 2-year period indi-
cate that the species accurs at very low densities.
Between March 1970 and December 1g71, pitfall
trapping ata 6o x bo m study site 2.7 km north-
east of Cameron Corners, San Diego County,
California, yielded many captures of other lizard
gpecies in the area but only a single capture of
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Gambelia (C. Mahidt, unpublished daia). A sec-
ond individual was captured near this site 3 years
later (C. Mahrdt, unpublished data).

MNoture ond Degree of Threat

The principal threat facing Gambelia copeii is
habitat loss due to development. The species is
able to persist in a wide variety of habitats far-
ther south, so leng as the habitat remains rela-
tively open and, presumably, abundant prey
(primarily arthrepods and smaller lizards)
remains available. However, the species occurs
at the extreme northern limit of its range in
California, so even minor changes in environ-
mental conditions could have large impacts
here. Development, including habitat degrada-
tion and fragmentation, and climate-change-
associated increases in wildfire frequency and
intensity have the potential to cause these
changes. [nvasion of exotic grasses may also
lead to further habitat degradation by reducing
the availability of open habitat that this species
prefers,

Status Determination

Gembeliz copeil has an extremnely small range
in California, which makes it inherently sensi-
tive to any declines. Onpoing habitat loss and
potential impacts from climate change may
negatively impact the species, but we have rela-
tively few data to assess risk beyond these broad
measures of sensitivity, so we refrain from
assigning a priority score at this time.

tManagement Recammendations

Within its very limited California range,
remaining large blocks of habitat require pro-
tection from further developmeut to preveut
future declines, In the absence of information
to the cantrary, we agsume that prazing, wood
cleazing, and activities that might negatively
impact the density of prey {including the pres-
ence of feral ot pet cats) are all threats to Gam-
belia copeii. Frequent high-intensity wildfire
should alsa be prevented, to the extent possible,
within the species range.



Monitoring, Research, and Survep Needs

As no population density data are available,
presence/absence surveys followed by mark—
recapture meonitoring programs should be
undertaken threughont the species’ range in
California to establish baseline information.
Laoss of habitat across the United States—Mexico
border has the potential to isolate the California
populations. To begin studying the potential for
this o occur, field studies of migration rates
and patterns through disturbed and frap-
mented habitats should be conducted with the

aim of identifying and protecting remaining
habitat corridars, as well as characlerizing this
taxon’s sensitivity to various sources of habitat
dizsturbance. Such information will also be use-
ful for developing models of the effects of
future climate change scenarios on Gambelia
capeii. Additional genetic data from nuclear
markers should help confirm the species status
of this taxon as well as quantify whether, and to
what extent, hybridization occurs between it
and G. wislizenii,
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Status Summary

Heloderma suspectum is a Species of Special
Concern, though we refrain from assigning ita
priority status due to lack of information. The
species received a Total Srore/Total Possible of
60% (30/5¢) and wag data deficient for several
metrics. During the previous evaluation, it was
also considered a Species of Special Concern
{lennings and Hayes 1994a).

identification

Among California lizards, Heloderma suspec-
twm is virtually unmistakable. Heloderma sus-
pectum is a large (22.8-35.5 cm SVL) stocky
lizard with a dark ground color and distinctive
pinkish, orange, or yellow patterning over the
trunk and tail that forms bands or a reticulat-
ing network. This species possesses distinclive
bead-like scales and large, strongly curved
claws (Bogert and Martin del Carnpo 1956,
Beck 2005). The ventral coloration is similar to
the rest of the body, with alternating black and
yellowish or pinkish bands that may form a
reticulated pattern {Bogert and Martin del
Catnpo 1950). Within its range, this species
could only possibly be confused with the chuck-

Grla Monster: Risk Fpotars

Score

Ranking Criteria [Maximum Scors)
i. Range size {10) 10
ii. Distribution trend {25) Data
delicient
iii. Pepulation concentration/ ]
migration {10}
iv. Endemism (10) a
v. Ecological telerance (10} 10
vi. Population trend (25) Data
deficient

vii. Yulnerability o climate change {10y 10

Data
deficient

Total Score 30
Total Possible 50
Total Score/Total Possible 0.60

viil. Projected impacts {19)
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walla (Seuromalus ater), which sometimes
develops a pinkish or yellowish coloration on
top of a dark ground color but lacks the banded
or reticulate patterning and does not have large,
bead-like scales,

Taxanomic Relationships

Heloderma suspectum is one of two extant mem-
bers of the family Helodermatidae. It is a close
relative of the Mexican beaded lizard {H. horri-
dum). The description of this species is gener-
ally attributed to Cope (186¢), although it was
actually depicted in print earlier by Baird {1850)
using the name H. harridum. Cope's (1869)
description is a one-paragraph secondhand
summary; a far more complete description of
the taxon is given by Bogert and Martin del
Campo (1956) in their monographic treatrent
of the family Helodermatidae. The recognition
of two species in the genus has not been ques-
tioned since the initial description. More recent
molecular results confirm the distinctiveness
of the two taxa (Douglas et al, 2010).

Two subspecies of H. suspecium have been
described based on the pattern of reticulation
{or lack thereof) in coloration. Heloderma sus-
pectum suspectum has a reticulated color pat-
tern, whereas H. s. cincism has a banded pat-
tern that largely lacks reticulations among the
bands, A recent penetic survey of intraspecific
variation found little evidence supporting these
groupings. Additional data are needed to more
tully examine intraspecific variation within
this species {Douglas et al. z010). All speci-
mens known from California match the H. 5.
cinctum color pattern, with the single exception
of an individual photographed near Piute
Springs, San Bernardino County [(see the
“Distribution” section) (Lovich and Bearnan
2007].

Life History

The life history of Heloderma suspectum has oot
been studied in California. Here we use data
from other parts of the ranpe (primarily Utah)
and cautiously assurne that the life history in
California is similar.



Heloderma suspectum overwinters in bur-
rows on racky slopes adjacent to lower-elevation
arroyos and bajadas {Beck 1990, Beck 2005). In
California, it likely emerges in April or early
May. The species spends nearly all of its time in
underground burrows {>95% in Utah}. emerg-
ing rarely to forape for food and to locate mates
{Beck 1g90). This species is a strict nest preda-
tar, preying on the nests of mammals, ground-
nesting birds, and reptiles {Hensley 1949,
Jones 1983, Beck 1990, reviewed by Beck
zoos). Heloderma suspectum is venomous,
although it is not known ta use venom in sub-
duing prey (Beck zoos). Rather the venom
probably serves as a predator avoidance mecha-
nism {Beck 2005).

In California, the daily activity pattern is not
weil characterized. Nocturnal activity has not
been reported, although data are lacking.
Reproducticn likely occurs in April and May,
with oviposition occurring shortly thereafter,
Elsewhere in the range (Arizona), males leave
their burrows and undertake relatively long
{(~1.6 km) walks to visit other burrows in search
of fetnales {Beck 2005}). When males encounter
each other during this period of activity, pro-
longed male-male combat may ensue. Thisg
behavior entails males entwining one another
and attempting to pin one another to the
ground (Beck 2zo005). The time required for
eggs to halch is poorly characterized, although
young appear in the spring, wbich suggests
that they overwinter in the burrow belore dis-
persing. Elsewhere in the range, sexual matu-
rity develops in 2—3 years, and adults are prob-
ably long-lived (»z0 years) {Jennings 1984,
Beck 2005). This species appears to be highly
susceptible to water loss, which partially
explains its relatively sedentary activity pat-
terns {Beck zoos).

Habitat Requirements

Heloderma suspectum occupies a relatively wide
variety of desert habitats throughout its ranpe.
In California, it is known primarily from a few
desert mountain ranges in the eastern Mojave
Desert. It inhabits rocky slopes, arroyos, baja-

das, and washes, and is presumably limired on
a larger scale by the availability of summer
rainfall in the California deserts. Areas that are
known to support this species receive a moder-
ate amount of their tatal annual rainfall during
the summer months (24% of the total}. which
iz similar to the pattern in adjacent areas of Ari-
zona that also support this species (39% of
total; Lovich and Beaman 2007). On a more
local scale, distribution may be controlted by
the availability of relatively deep burrows, the
presence of food, and availahility of riparian or
xeroriparian habitat (Lovich and Beaman
2007). Preferences for certain burrow condi-
tions apparently exist but are poorly understood
{Beck 200%). Individuals frequently return to
specific burrows while leaving others, appar-
ently suitable ones, unoccupied (Beck 2005).
Adult Gila monsters are known to return to the
same burrows year after vear, showing remark-
able homing ability and apparent knowledge of
the location of many different burrows within
their home range {Beck zoos), Too few records
exisk from the California portion of the range to
form a thorough understanding of habitat
requirements, although many records are asso-
ciated with large and relative high mountain
ranges as well ag with riparian areas [Lovich
and Beaman 2007)

Distribution (Past and Present)

Heloderma suspecturn ranges from extreme
southwestern Utah, through southern Nevada,
southwestern Arizona, and scuth to Sinaloa,
Mexico. In California, the species is known
from 30 records in the Kingston, Providence,
Clark, Piute, and Chocolate Mounlain ranges
(Bradley and Deacen 1966, De Lisle 1979, Ford
1981, Bicket 1982, De Lisle 1983, Ford 1083,
Lovich and Beaman 2007, Ruppert 20103, Rup-
pert 2010b, Lovich and Haxel ac11). Lovich and
Beaman {2007) reviewed 26 records in Califor-
nia. Four additinnal records are now known.
On 29 May 1903, a sinple adult H. suspectum
was photographed on Smith TalcfKingston
Mountain toad in the Kingston Mountains,
Inyo County, California, approximately 24 km
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east of Tecopa (B. Behm, pers. comm.). The
photographs show an animal with the banded
pattern typical of other animals found in Cali-
fornia (we include the clearest photograph
here). An additional record comes from Vulcan
Mine Rnad on the western side of the Provi-
dence Mountains on 2 May 200¢. A natural
history class from Cuesta Cullege observed and
photographed a single adult moving along the
road {Sneed 2009, Ruppert 2o1oa, Ruppert
2010b). The most recent record that we are
aware of from California was documented on 7
May 2015 in the Mesquite Mountaing of Cali-
fornia. A single adult animal was found resting
under the partial shade of a cat’s claw plantina
wash running parallel to Kingston Road (B.
Scurlock, pers. comm). Lovich and Haxel
{zo11) report an additional credible sighting
from Black Mountain in the southern Choco-
late Mountains that occurred on 30 April 1974
as wel| as a second record from the same vicin-
ity that is less well substantiated but may be
credible. In addition, old records from the vicin-
ity of Blythe, the Lower Colorado River in Lmpe-
rial County, Chuckwalla Valley, and the Mojave
River are in the literature but are less well sub-
stantiated than the more recent records {Waod-
son 1949, Funk 1906, Tinkham :g71, Lovich
and Beaman 2007). The specieg may also occur
in a few additional desert mountain ranges in
California where records have not yet been
recarded. In particular, the New York Moun-
tains are a likely candidate for future records.
These mountains lie between the Providence
and Piute Mountaing, both of which have
records and contain what appears to be suitable
Heloderma habitat. Other large and potentially
suitable mountain ranges in the area include
the Whipple Mountains, Turtle Mountains,
Chemehuevi Mountains, and the Chuckwalla
Mountains (Brown and Carmony 1991, Lovich
and Beaman 2007).

Trends in Abundance

No data exist on the current or historical abun-
dance of this taxon in California. Elsewhere in
the range. the species exists in low densities
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(maxirnum recorded is ~10 individualsfkm®)
(Beck 1985}, Given the paucity of records in
California, the species is likely more rare here
than in the rest of the range.

MNature and Degree of Threat

The principal threats facing Heloderma suspec-
tum in California are its small and extremely
patchy distribution, coupled with the probable
marginal habitat found in the state and pre-
sumed sensitivity to the effects of climate
change. Further, we know virtually nothing
about the ecolopy or population status of this
species in California, so declines may occur
that po undetected,

Status Determination

The almost complete lack of information on
this taxon in the state, coupled with a life his-
tory that is potentially sensitive ta changing
climate, justifies designating this taxon as a
Species of Special Concern. Because we have
virtually no information about the magnitude
of threat in this species, we refrain from assign-
ing it a priority at this time.

Management Recommendations

Manapement recommendations are extremely
difficult to formulate other than to protect habi-
tat known to support this species from modifi-
cation. Activities that might collapse or other-
wigse destroy burrows, including intense
livestock grazing and mining activities, should
be avoided in areas suspected of harboring
Heloderma suspectum populations. Sightings
of this infrequently encountered species
should be submitted to the California Natural
Diversity Database or other natural history
databases (e.g. the LACM RASCals project,
http://www.nhm.org/sitefactivities-programs
foitizen-science frascals).

Monitoring, Research, and Survey Needs

It may be impeasible to study this species in the
field in California because it is so rarely encoun-
tered. However, opportunities ta do so should
be pursued. Telemetric data, in particular,



would be difficult to gather because this spe-
cies is encountered so infrequently, but would
also be an important step in enabling the col-
lection of additional information abewt Calitor-
nia populations. We recommend modeling
the climate envelope capable of supporting
Heloderma suspectum to help focus efforts
for future surveys. After potential habitat
patches have been identified, dawn and dusk
surveys during the spring and following
summer rain events probably have the best

chance at identifying additional populations. A
key priority for future sightings of this species
is to collect nonlethal genetic samples that can
then be compared to those cellected from else-
where in the range. These tissues will help to
clarity intraspecific variation in the species
and, if enough samples can eventually be col-
lected, have the potential to supply information
about distinctiveness and isolation of popula-
tions inhabiting different mountain ranges in
the slate.
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Phrynasoma biaiavillii may be confused with
the desert horned lizard {P. platyrhinos) where
the ranges of the two species meer in a small
region of the southern and eastern part of the
range of P. Mainvillii in California. Phrynasoma
platyrhines is easily distinpuishable based on a
single row of fringe scales down each side of
the body, a single row of pointed scales on
either side of the throat, and smaller keeled
stales on the dorsum.

Taxenomic Relationships

Phrynosome blginvillic is a member of a species
complex that has had a tumultuous taxonomic
history, with several species and subspecies
recopnized by dilferent researchers over time
(Klauber 1936, Reeve 1952, Bratistrom 1997).
During the previous Species of Special Con-
cern evaluation (Jennings and Hayes 1994a), a
single species, P. corongtum, was recognized,
and California populations were considered as
two subspecies: the California coast horned liz-
ard {P. c. froptale) and the San Diego coast
horned lizard [P c. blainwiilil). Recent studies
on morphological, ecological, and genetic varia-
tion among populations support the recogni-
tion of only a single taxon in California, P.
blainpillii, leading to a revised species-level tax-
onomy that restricts the species name P. coro-
natum to populations in Baja California Sur,
Mexico {Montanucci 2004, Leaché etal 2009).
Three clades have been identified in California
bazed on mitochondrial DNA: northern Baja
California, southern California, and northern
California {Leaché et al. 2009; see *Distribu-
tion” trend). However, two nuclear loci did not
distinguish among the clades in California,
and ecological and morphological data show
substantial overlap among the clades {Manta-
nucci 2004, Leaché et al. zoog). Therefore, we
do not recognize any of these clades as conser-
vation units at this time.

Life Histary

Phrynosoma bainvillii adults are typically active
in California from February to November, with
peak activity between April and July {Banta and
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Meorafka 1968, Haper and Brattstrom 1g9g7,
Fisher et al. 2002, Albert=s et al. zoo04, Gerson
2011). Hatchlings are active from mid to late
summer into Novemnber (Banta and Morafka
1968, Hager 1990, Hager and Brattstrom 1907,
Fisher er al. 2002, Alberts et al. 2004). Diurnal
activity switches from midday peaks in the
gpring to more crepuscular activity in summer
and early fall [Heath 1965, Hager and
Brattstrom 1997].

Most information on reproduction has been
collected in the southern part of the range in
California. Goldberg {1983) looked at repraduc-
tive condition in 164 specimens collected
mostly from March to September in Los Ange-
les, Riverside, San Bernardino, $an Diego, Yen-
tura, and Riverside Counties. Reproductive
activity occurred from March to June, with
females commeonly ovipositing in May. Clutch
sizes usually averape around 11-12 eggs (Steb-
bins 1954, Howard 1974, Pianka and Parker
1975, Goldberg 1983). Goldberg (1983) repotted
that a single female appeared to be yolking a
second clatch, suggesting the possibility for
multiple clutches per year in this species,
though how common this may be is unknown.
In northern Baja California and southern Cali-
fornia, males have spermatozoa present {rom
April until early June {Howard 1974), and ovi-
position occurs from late May to July with an
incubation period of about &o days (Howard
1974, Pianka and Parker 1973). Montanucci
{1968} observed mating in the field as late as
May in Merced County. Howard (1g9v4)
observed 26 mm SYL hatchlings in late July
and early August in northern Baja California.
These animals had attained sizes averaging 4z
mm SVL by October, First.year males emerged
from winter dormancy at -1 mm SVL. Ani-
mals in this population were sexually mature
arnund 75 mm 3YL {Howard 1974). Pianka and
Parker {1975) reported minimum female SVL
at maturity as 73 mm in Baja California and
southern California. Geldberg (1933) reported
that the smallest mature males were 62 mm
SY¥L, and the smallest females were v3 mm
SVL in southern California,



Annual adult survival estimates from radio-
tracked animals in Riverside County were
roughly twice as high for males as females:
males 62% {95%, Cl 42-81%) and females
14% (95%. CI 15-53%) (estimates assume ani-
mals of unknown fate are dead: Alberts et al.
2004). Most deaths were due to predation (31%
birds, 3% snakes), followed by road mortality
(15%}, with the rest due to unknown causes
(Alberis et al. aco4). Average home range size
varied from 1.9 to 4.0 ha across habitat types,
with smaller ranges and lower activity levels
observed during a drought year {Alberis et al.
a004).

Surface activity is determined partly by tem-
perature. Adults in a Riverside County popula-
tinn had field artive body temperatures ranging
frern 13.3°C to 39.4°C {mean 34.5°C), and
hatchlings had a natrower range of ternpera-
tures ranging from 21.1°C to 41.I°C (mean
34.4°C) (Alberts et al. 2004). Animals were
not active when ground surface bemperatures
were below 19.4°C or above 57.3°C {Alberis
et al. zooy4). Gerson (zoLl) reported capturing
lizards when surface temperatures were up
to 03°C in a Merced County population.
Pianka and Parker [Tg75) reperted a mean held
active body temperature for 15 animals of
367°C. The critical thermal minima and
maxima are -3°C and 46.7°C, respectively
(Brattstrom 1g0s).

Ants can make up 9o% of prey items and
45% of prey volurne in stomach contents (p =
214; Pianka and Parker 1975), although many
other insect prey are alse consumed depending
on availability (Stebbins 1954, Miller and Steb-
bins 1964, Alberts et al. 2004). About half of
the prey found in scat was Pogonomyprmes ants
{P. rugosus and P. californicus) [Riverside
County; Alberts et al. 2004). Other ant prey
and non-ant insects were taken as well. In
Merced County, every scat examined contained
beetles, but not every scat contained ants, sug-
gesting less reliance on ant prey in this area
{M. Gerson, unpublished data). See the “Nature
and Degree of Threat” section for effects of
nonnative anls.

Hahbitat Requirements

Phryrosama blainpillii is found in a variety of
habitat types, including sage scrub, dunes, allu-
vial scrub, annual grassland, chaparral, vak
woodland, riparian woodland. Joshua tree
woodland, coniferous forest, and saltbush
scrub {Grinnell and Crinnell 1907, Klauber
1934, Stebbins 1954, Banta and Morafka 1968,
Montanueci 1968, Tollestrup 198r, Hager and
Brattstrom 1997). However, microhabitat pref-
erences are much narrower, Phrynosoma blain-
villii needs loose, fine soils for burrowing, open
areas for thermoregulation, and shrub cover for
tefugia {Jennings and Hayes 19944). In undis-
turbed sage serub habitat in Riverside County,
animals preferred leafy plant species with rela-
tively dense foliage for cover, overwintering,
and aestivation {Alberts et al. 2004). [n the
absence of shrubs, P. blgirvillii may rely instead
upon California kangaroo rat (Dipodomys cali-
Jornicus) burrows for refupia (Shedd et al.
2011). In a mark-recapture study in San Bet-
nardino and Riverside Counties, Hager and
Brattstrom (19g7y) observed P. Hainvillii in
the open G4% of the time, in the shade of vep-
etation 14% of the time, next to vegetation 7%
of the time, and in rodent burrows 5% of the
time.

Pitfall trapping at z1 sites in 4 counties in
southern California revealed that within sites,
P. blainvillii abundance was pogitively correlated
with the presence of organic scils and chaparral
vegetation and negatively associated with non-
native Argentine ant {Liscpithema humile) pres-
ence (Fisher et al. z00z). At a larger scale, the
abundance of P, blainvillii between sites was
positively associated with the pregence of native
ants and chaparral vegetation and negatively
associated with canopy height. Similar to pat-
terns in abundance, P. Mainvillii presence was
positively associated with sandy soils and
chaparral vepetation and negatively associated
with Argentine ant presence.

Distribution (Past and Present)

Phrynosoma blginvillii occurs from northern Baja
California north along the coast, continuing into
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the Central Valley and Coast Range, and east to
the Sierra Mevada foothills and the western edge
of the Mojave Desert (Leaché et al. 2009). The
southern and northern California clades {see the
“Taxonomic Relationships™ section) roughly cor-
respond in range to the previpusly recognized
subspecies Phrynosoma corongiem bleinvillii and
P. ¢c. frontale, respectively. The northern Baja
California clade extends from Ensenada, Mexico,
north into San Diego County. The southern Cali-
fornia clade slightly ovetlaps with the notthern
Baja California clade in San Diego County and
continues north to the Los Angeles Basin and
east to the San Gabriel Mountains and the edge
of the Mojave Desert. A third group, the north-
ern California clade, comprises the rest of the
range in California, from the Los Angeles basin
north through the Central Valley and Coast
Ranges.

Historically, this species occurred in Cali-
fornia from an isolated record in Shasta County
in the north, south along the edges of the Sac:
ramento Valley, through much of the south
Coast Ranges, the San Joaquin Valley, the
Sierra Nevada foothills, south along the coast to
the Mexican border, and throughout the Trans-
verse and Peninsular Ranges, ending along the
weslern edge of the desert slope (Jennings
1988c). Recent field observatiens in the
NAFHA database document this species at
Kennedy Meadows in Tulare County; further
information about the status here is needed.
Jennings and Hayes (190944) estimated that P,
blainvillii has disappeared from 35% of its his-
torical range in northern California and from
45% of its historical range in southern Califor-
nia. Remaining populations in the northern
end of ils range in the Coast Range and in the
Sierra Nevada foothills fram Butte County to
Fresno County are highly disjunct {Jennings
and Hayes 1994a; ]. Shedd, pers. cornm.).

Trends in Abundonce

Declines in the early decades of the twentieth
century were partly due to collecting for the
curio trade in the Los Angeles basin. fenniugs
(1987) estimated that at least 115,000 Phryno-
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soma blainviliii were harvested over a 45-year
period, with substantial collecting ending
around the 1930s. Due to collecting, lizards
were noted as being scarce or absent in many
areas where they had formerly been abundant
{Grinnell and Grinnell 1gey, Bryant 1911, Van
Denburgh 1922). Agriculture and development
has led to declines in mare recent decades [see
the “Nature and Degree of Threat” section).

[t is very difficult to estimate population
sizes for horned lizards because their cryptic
coloration and behavior make them difficult to
detect. In sape scrub habitat in Riverside
County, P. blainvillii density was estimated as
3—4 adultsfkm of road transect traveled and
1.7-4.2 adultstha, with a total of 402 lizards
{adults and juveniles} captured over 5 years
{Alberts et al. 2004). In Merced County, Get-
son (2017) captured 145 individuals {adults and
juveniles} on 2.4 ha of transect overan §-month
period, roughly Ao lizardsfha, Lizards were
patchily distributed at this site, and transects
were purposefully placed in areas with high
lizard abundance (M. Gerson, pers. comm.).
The siteg in baoth studies experienced contral-
led burns and prazing and supported a mix of
native and introduced plants {Alberts et al.
2004, Gerson 2ar17).

Nature and Degree of Threat

Major threats to Phrynosoma blainvilli include
urbanizatien, agriculture, off-highway vehicles,
flood control structures, energy development,
and nonnative Argentine ants (Grinnell and
Grinnell 1go7, Montanucel 1968, Jennings
1987, Jennings and Hayes 1994a; . Shedd,
pers. commmn.}. These threats may be more pro-
nounced in the southern part of the range
{S. Sweet, pers. comm.}. Leatherman (1996)
observed a single P bWainpillii that had appar-
ently died from getting its horns stuck in an
erosion control blanket. Introduced Argentine
ants have displaced native ant prey over paris of
central and southern California and appear to
be spreading largely as a commensal with
human development {Ward 1987, Holway 1995,
Holway 1998). In choice lests, lizards preferred



native ants to Argentine ants, and Argentine
anis were not detected in feld-collected scat,
suggesting that they are not commonly taken as
prey (Suarez et al. 2000). [n the laboratary,
growth rates were lower for animals raised
experimentally on Argentine ant diets relative
to native diets {Suarez and Case 2002}. How-
ever, lizards will shift their diets to include
more non-ant prey in Argentine ant-invaded
areas {Suarez et al. 2000}.

The efTects of wildfire on P. blainvillii are
complex and only beginning to be studied. In
southern California, capture rates increased by
about 30% in chaparral habitat a few years post-
fire compared to unburned reference plots
{Rochester et al. 2or0). No changes were
detected in ceoastal sage scrub habitat, though
both habitat types lost substantial vegetative
cover. The positive response to fire in chaparral
was likely due to the creation of open habitat
and the fact that ant prey communities
appeared to be unaffected {Rochester et al.
zo1a). However, the proportion of plats accu-
pied in chaparral habitat decreased it response
to fire, possibly due to direct mortality effects of
kire. Population increases in burned areas were
hypothesized to be due te recolonization from
unburned refugia. [f so, then the timing and
distribution of fire across the landscape would
affect how lizards are able to respond and
whether the net effect of fire on populations is
positive or negative. Additionally, monitoring
for this study detected very few P blainwvillii in
grassland habitats. Because repeated or high-
intensity fireg can lead to conversion of shrub-
land to grassland, this alzo represents a poten-
tial threat.

Under clirnate change, the probability of
larpe (>200 ha) fires and area burned is
expected to increase in the northern coastal
part of the range and the Sierran foothills, and
be Jargely unchanged in the Central Valley
(Fried et al. 2004, Lenihan etal. 2008, Wester-
ling and Bryant 2008}, In the southern part of
the range where wildfire is common, there is
little consensus on future fire dynamics because
of the difficulty in modeling Santa Ana weather

events [Westerling et al. zoo4, Westerling and
Bryant 2008). Land use in the Central Valley is
predominantly agricultural; thus, habitat avail-
ability is likely to tremain low in this area. Else-
where in the range, large decreases are expected
in shrubland with concomitant increases in
grassland (Lenihan et al. zo08, PRBO z2011),

Status Determination

Documented extirpations and declines in this
species, coupled with a moderate ecclogical
sensitivity, justify a Priority 2 Species of Special
Concern status,

Management Recommendations

Pratecting remaining populations from further
habitat loss and disturbance is the most impor-
tant management strategy for this species. The
presencefabsence and abundance of Phryne-
soma blainvillii appears to be determined by
local, rather than regional-scale factors, so
management strategies should focus on pro-
tecting local populations (Fisher et al. 200z].
Because they tend to rely on ¢rypsis rather than
speed for protection, they may be particularly
sensitive to land uses that increase the likeli-
hood of animals being crushed or killed,
including of Fhighway vehicle use and grazing.
Preventing the spread of Argentine ants into P.
blainvillii habitat is difficult but alzo important
for the persistence of the species. Given that
Argentine ants prefer moist microhabitats,
xeric landscaping and reducing artificial sur-
face water may he beneficial for native ants and
horned lizards in developed areas,

Manitaring, Research, and Survey Needs

Existing populations should be monitored to
determine trends in population abundance. An
important research question is the exfent to
which small habitat fragments, on the order of
a few hectares or less, can support viable popu-
lations of this lizard. Given the high human
population density in much of its range, the
effects of human commensal predators, includ-
ing yaccoons, skurks, ravens, and dormestic cats
should be studied, with control measures
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implemented as feasible. Continued work on
the effects of Arpentine ants, including follow-
up studies on shifts in lizard diet after their
long-term establishment, would provide
valuable information on whether Phrynosoma
hleinviillii can adjust to this widespread invasive
ant. More research is needed on the effects of
introduced plants, which may increase cover,
affect native ant prey, and influence thermoreg-
ulation and lecomotien {Germane et al. 2001,
Alberts etal. 2004, Newhold 2005, Rieder et al.
ac1o]. Grazing and fire can have positive
ellects by maintaining open habilat and nega-
tive effects by facilitating the spread of inva-
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sives or through direct mertality {Kimball and
Schiffman 2003, Alberts et al. z004, HilleRis-
Lambers et al. zo10}. The effects of cattle graz-
ing on P bleinviilii need more study. Cattle and
other grazers may help maintain open habitats
that are favorable to P. blaiaviliii but alsa may
degrade habitat through soil compaction. The
net effect of grazing and fire as management
strategies requires more study and likely needs
to be determined at the site scale. The effects of
wildfire on P. blainvillii should continue to be
studied, particularly given the uncertainty con-
cerning future fire dynamics in the southern
part of the range.









row of lateral spines, shorter horns on the head,
and lacks a dark middorsal stripe (Smith 1940,
Stebbins 2003). Marpholopically intermediate
animals thought to be hybrids have been
observed near Ocotilla, California {Stebbins
2003}, and near Yuma, Arizona (Young zo1o}.

Taxonomic Relationships

Mulcahy et al. (zocB) conducted a phylogen-
graphic study of Phrynpsama meailii and F. pla-
tyrhinos, They identified management units for
F. mcallii on either side of the Colorado River.
Populations west of the [mperial Valley were
historically connected but are now fragmented
by hurman development. The Coachella Valley
population, in particular, appears to be highly
isolated {Mulcahy et al. zaa6).

Life History

Phrynosema mcallii is generally most active in
the summer and inactive during the winter,
although there is some flexibility in their winter
dormancy behavior. Adult activity in the
Coachella Valley in Riverside County peaked
from June to August, with little or no activity
observed from November to February {Barrows
and Allen 200q). At sites in San Diego and
Imperial Counties, adults entered hibernation
burrows from early October to late Decernber,
and smaller animals entered dormancy later
than larger animals {Grant and Doherty zoo6),
The average onset of winter dormancy occurred
in mid-November in Imperial County and lasted
for an average of 8¢ days {range 14-138 days),
with most animals emerging in mid-February
(Muth and Fisher 19g2). Radiotelemetry studies
have shown that not all individuals enter this
distinct period of dormancy {(Muth and Fisher
1992, Wone and Beauchamp 2003, Grant and
Dohetty z0a6). Juveniles have been observed
surface-active on warm days in December, sug-
gesting that winter dormancy behaviar may be
mote Hexible in juveniles compared to adults
{Grant and Doherty 2006}, Burrows at sites in
Imperial and 3an Dvego Counties were 6 cm
deep on avetape {range 2—17; Muth and Fisher
1992, Grant and Doherty 2006). Summer bur-

rows in Yuma, Arizona, were 25—30 cim deep
and 70-8o cm long {Young and Young 2000).

Daily activity patterns shift seasonally {May-
hew 1968, Wone and Beauchamp 2003). At
Ocotillo Wells State Vehicular Recreation Area
(Impecial and San Diego Counties), P. mcallii
was active throughout the day in spring and fall
but showed a bimodal daily activity pattern in
the summer (Wone and Beauchamp zoo3).
Phrynosoma mcaliii was out in the open during
the early morning but retreated under shrub
cover by 10200 a.m. {Wone and Beauchamp
2003}, When substrate temperatures exceeded
49°C, lizards entered burrows and reemerged
in the evening when substrate temperatures
dropped below 47°C (Wone and Beauchamp
2003). Norris (1949) also reported animals
retreating between 10:00 and 1o a.m. in
Riverside County during [uly. [n cutdoor enclo-
sures, Heath {1965) observed shade-seeking
behavior when body temperatures averaged
40°C and emergence from shade when mean
body temperatures were 34.4°C. Brattstrom
(1965} recorded lizards at temperatures rang-
ing from 29.3°C to 41.0°C.

Breeding activity has been observed in the
field from early May through the end of August
(Setser 2004, Barrows and Allen 20049, Young
2010). Adults emerge from winter dormancy in
reproductive condition, with testes at maxi-
mum size in males and enlarged yolked folli-
cles present in females {Howard 1974). Eggs
are laid in burrows dug by the lizards (Setser
2004) and can be deposited from 14 to go cm
deep, depending on soil moisture (Setser 2004,
Young 2010). Cluich sizes range from 2 to 10
eges, with the averapge typically around 5 {Mor-
ris 1949, Stebbins 1954, Howard 1974, Pianka
and Parker 1975, Setser 2004, Young 2010).

Under good conditions, P. meallii can breed
early in the season, young can attain adult size
rapidly and breed in their first year, and two
clutches per season are possible (Howard 1974,
Turner and Medica 1982, Muth and Fisher
19932, Barrows and Allen 2000, Young 2010}.
In multiple-clutch years, the first cohort
emerges in late July or early August at 35-37
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mm SVL (Howard 1g74, Turner and Medica
1982, Muth and Fisher 1992}, These hatchlings
may be capable of repreducing in their first
spring because they can reach near aduht sizes
before entering winter dormancy [Howard
1974, Muth and Fisher 1g9z2). The second
cohort emetges in late August or early Septem-
ber {Howard 1974, Turner and Medica 1982).
However, these animals are only ~38 mm SVL
in Cctober and may not reach gexual maturity
until another season of growth has occurred
{Howard 1974, Muth and Fisher 1002). Work-
ing in Yuma, Arizona, Young {2010) observed
that hatchlings and yearlings did not attain
adult size by the following summer under
drought conditions, but in wet years animals
attained adult size within six months.

Males wsually have larger home ranges than
females, and home ranges tend to be larger in
wel compared to dry years {(Wone and Beau-
champ 20013, Setser 2004, Young 2010). Radio-
telemetry studies at the Ocotillo Wells State
Vehicular Recreation Area found average male
hormme range sizes of 1.8-2.4 ha and female home
ranges of 0.9-1.3 ha {Wone and Beauchamp
20073, Setser 2004). Setser (2004) observed high
site fidelity, with few lizards shiftinp their range
centers nutside of the home range used in the
previous year. Mear Yuma, Arizona, average
male home range size varied from 2.5 ha {males)
and 1.3 ha (females) in a very dry year 1o 10.5 ha
{males) and 1.9 ha {females) in a very wet year
(Young and Young zooo0). In wet years at the
Yurmna, Arizona, site, maximum mean daily
movements were 200706 m, compared to only
so-106 min drier years (Young zo10),

Survivorship has been measured in a few
populations using radiotelemetry and mark-
recapture methods. At Qeotillo Wells State
Vehicular Recreation Area, adult yearly survi-
vorship was estimaited as approximately 50%
over a z-year study period {Setser 2004). This
high survivorship rate was attributed to the
scarcity of ground squirrel predaters. with only
5—-8% of radio-tagged lizards lost to predation
{Setser 2004}. Similacy, adult survivorship
over 2 years in Imperial County was approxi-
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mately 50%, with half of known mortalities due
to ground squirrel predation (Muth and Fisher
199z}. [n contrast, 39% (21f54) of radio-tagged
I mcallii succumbed to predation at the Yuma,
Arizona, site in 1 yeat, with most deaths attrib-
utable to pround squirrels {Young 2c10). Pre-
dation rates were only 10% in another year at
this site (Young 2010). Survivorship of hatch-
lings over their first year was greater than 50%
across multiple cohorts in Coachella Vailey
{Barrows and Allen 2009). Survivership
declined in subsequent vears ta less than 20%
for 2-year-olds and less than §% for 3-year-olds
{Barrows and Allen 2cog). Such low survivor-
ship beyond the first year supggests that early
maturity and multiple clutches may be key to
pogitive growth of populations in the Coachella
Valley {Barrows and Allen zoco).

Phrynosoma meallii is a dietary specialist on
ants, particufarly native harvester ant species.
Ants typically make up over go% of prey iteins
in stomach content and scat analyses {Pianka
and Parker 1975, Turnet and Medica 1982,
Young 2010}, [n 106 specimens examined by
Pianka and Parker (1975), 97% of prey items
were ants. While at least 11 species of ants have
been identified from scats, ants from the gen-
era Pogonomyrmex and Messor are most com-
monly taken {Turner and Medica 1982). Near
Yuma, Arizona, ants {mostly genus Pogono-
myrmex) constituted 9% of prey items, with a
few beetles taken as well (Young 2010).

Habitat Requirements

In California, Phryrosoma meallii occurs in sey-
eral Sonoran Desert habitat types, including
sandy areas (fats, hills, and valleys), salt fats,
badlands, and gravelly areas (5tebbins 2003,
Turner and Medica 1982). While they may pre-
fer areas with a layer of fine, wind-blown sand,
P. mcatlii also occur on substrates ranging from
hard-packed soils to sand dunes and mud hills
(e.g., Beauchamp et al. 1998, Muth and Fisher
1992). Far example, at Ocotillo Wells State
Vehicular Recreation Avea, a site where sandy
habitats are highly disturbed by off-highway
vehicle use, P. mcaliii abundance was highest in



sparsely vegetaied gravel and mud hills in less-
disturbed areas {Beaucharmnp et al. 19g8).

In the Coachella Valley, P. mzailii were 2-6
times more abundant on stabilized sand fields
than on active dunes {Barrows and Allen 20049}
and were not abserved in ephemeral sand felds
or stable dune habitats {Barrows and Allen
za1e), A reduction in windblown sand over the
last few decades due to climatic factors and dis-
turbance is thought to be responsible for the
apparent absence of P. meallii from epherneral
sand fields, habitats that still suppert P, pla-
tythinos populations { Barrows and Allen zoro).
Lizards selected maderately compacted sands
in both stabilized sand helds and active dunes,
and this habitat faature may be important for
maintaining the integrity of burrows while still
being locse enough for digging (Barrows and
Allen 2cog).

Distribution {Past and Present)

Phrynosema meallii is a desert animal with the
smallest range of any Phrynasama species that
occurs in the United States {Stebbins 2003}, [t
is found from the Coachella Valley in Riverside
County south into extreme northeast Baja Cali-
fornia and northwest Sonora, Mexica, and east
to the extreme southwest corner of Arizona
{Stebbins z003). The species typically occurs
below 230 m elevation, but has been found as
high as s2z0 m {FTHL 1CC zo03, Rorabaugh
and Younp zoog, Turner et al. 1980). The cur
rently occupied range is patchily distributed
within the historical range. In California, thege
areas are the Coachella Valley, west of the
Salton Sea and the [mperial Valley, and east of
the Salton Sea and the Imperial Valley on the
west side of the Colorado River (Mulcahy et al.
zoob).

The Flak-tailed Horned Lizard Inleragency
Coardinating Committee estimated that nearly
half of the entire range of P. mcailii has been
altered by human activities, with 39—43% of the
hizslorical habitat in the United States converled
to agriculture, urban areas, or other uses
{reviewed in FTHL 1CC 2003). The historical
range of P. meallil in California has been esti-

mated at 700,000-900,000 ha, mostly in
Imperial County but including parts of eastern
San Diego and central Riverside Counties
(reviewed in FTHL ICC 2003). Of this histori-
cal range, the Flat-tailed Horned Lizard Inlera-
gency Coordinating Committee further esti-
mated that 400,000 ha of habitat rernain in
California (FTHL 1CC 2003},

Within the Coachella Valley, Barrows et al.
{2008) used niche models to estimate that
83-92% of historically occupied habitat has
been lost to development, agriculture, frag-
mentation, or disruption of windblown sand
transpert processes. Of the estimated 33,500 ha
of historically available suitable habitat, 2600
ha of potential habitat remain in the valley, of
which only 1400 ha is currently cccupied {Bar-
rows et al, 2008).

Trends in Abundonce

Phrynosoma meailii has long been regarded as a
relatively rare species (e.g., Klauber 1939). Den-
sity is very difficult to estimate for this cryptic
species, and earlier estimates were based on
scat counting methods that are no longer
thought to be reliable {see the “Monitoring.
Research, and Survey Needs” section). Despite
thesze difficulties, dramatic declines have been
documented in some areas (Turner and Medica
193z,

Populations af P. mecailii appear to naturally
fluciuate in abundance, and the drivers of these
dynamics are beginning to be explored. In the
Coachella Valley, the population declined by
about 509 per year during 2002-2005, result-
ing in an overall decline of 9o% {Barrows and
Allen 200¢}. However, in the following 2 years,
P. meallii abundance rebounded to half of the
2002 levels {Barrows and Allen 2009). Unlike
some other desert species, abundance was not
correlated with year-to-year variation: in rainfall
{Barrows and Allen 2010|. Instead, increased
rainfall was negatively correlated with the
abundance of ant prey and positively associated
with increased soil compaction {Barrows and
Allen 2zo00g). Other studies have also found
assaciations between P meallii abundance and
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ant abundance {e.g., Turner and Medica 198z,
Rorabaugh et al. 1987).

Mark-recapture studies have generated
minimum density estimates of approximately
1.1/ha at Ocotillo Wells State Vehicular Recrea-
tion Area (Setser 2004) to 6.1/ha in lmperial
County (Turner and Medica 198z). Increas-
ingly sophisticated statistical methods for esti-
mating abundance have been employed to com-
pensate for the low abundance and cryptic
nature of P. mealiii. Grant and Doherty {zo007)
working in [mperial County estirnated densi-
ties from .41 to 1.55 lizards/ha at different
sites, using methods that explicitly account for
detection prebability (see the “Monitoring,
Research, and Survey Needs” section).

Nature and Degree of Threat

Habitat loss and fragmentation due to urhan
development and agricelture have been the
major threats faced by Phrynosoma meallii pop-
ulations in California, with future threats antic-
ipated due to renewable energy development.
Phkrynosoma mcallii are particularly sensitive to
such disturbances because they are ecological
specialists, and their ability to recover from
population declines through reproductive
responses is highly dependent upon favarable
envirenmental conditions.

Phrynosoma mcallii is negatively impacted
by fragmentation, and edge effects can extend
several hundred meters into undisturbed habi-
tat {Young and Young 2003, Barrows et al.
20a0}. Based on surveys of lizard tracks, Bar-
rows et al. {z00C) found that P. meeillii in the
Thousand Palms Oasis Preserve in Coachella
Valley, Riverside County, experienced negative
edge effects along the desert/suburban bound-
ary of the preserve. Phrynosoma mcallii were at
low abundance within 150 m of the edge com-
pared to farther into the preserve. The mecha-
nism behind the negative effect was hypathe-
zized to be mortality due to roads and
subsidized predators such as shrikes and kes-
irels. Bird predatars were positively associated
with suburban edge habitats because of
increased availability of trees and poles for
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perching compared to desert habitat. There was
no edge effect un native harvester ant abun-
dance and nonnative ants were not detected, so
the edge effect is probably not due to impacts
on prey availability (Barrows et al. 2006], In
another study in Yuma, Arizona, go% of
shrike-killed P. meallii were within 1o m of a
road (Young zoIo). Nonnative ants and plants
may also pose a threat to P. megflii (5ee the
“Monitoring, Research, and Survey Needs” sec-
tion). Wind and solar developrnent may be of
particular concern in wesgtern Imperial County
and east of the Imperial Sand Dunes, while
genthermal development may threaten popula-
tions inside of the Ocotillo Wells State Vehicu-
lar Recreation Area (]. Weigand, pers. comm.).
Such development may lead to habitat
degradation and losg, as well as increased
fragmentation.

OfFhighway vehicle use has long been sus-
pected of negatively impacting P. mcalfii popu-
lations through direct effects such as mortality
and indirect effects on habitat quality. Within
protected Management Areas (see the “Man-
agement Recommendations” section), off-
highway vehicle use is restricted to designated
areas {Grant and Doherty 2009). Outside of
these protected areas, approximately 1oo.000
ha of remaining habitat may be subject to ofF-
highway vehicle activity, an area encompassing
more than a quarter of remaining habitat in
California {Grant and Dioherty zoog). Grant
and Doherty {20019) experimentally tested the
hypothesis that oft-highway vehicles crush dor-
mant P mcallii by controlled rides over radio-
tagged animals in burrows. Nome of the ani-
malg in their study died or were injured,
suggesting ihat direct effects on animals in
burrows may be weak. Direct mortality of
surface-active P. mcallii due to ofF-highway
vehicle activity has heen reported anecdotally
from some sites (e.g., Turner and Medica 198z,
Muth and Fisher 1992). McGrann et al. {z006)
feund that lizard body mass, but not density,
was higher on sites with low oT-highway vehi-
cle impact compared to high-impact areas. The
density of ant mounds [i.e., prey] was alse



higher in low-impact sites, supporting the pos-
sibility of indirect effects of off-highway vehicle
use on P mpallii (McGrann et al. z0006].

Aside from increases in temperature, there is
little consensus as to how climate change will
affect the Soncran Desert region of California
where P. mcallii occurs. Mean annual tempera-
tures are expected to increase, with 22 additional
extrernely hot days per year {where temperatures
exceed the long-term g5th percentile) and 1o
fewer days below o°C predicted (Bell etal. 2004).
High temperatures may limit surface activity,
whereas warmer, shorter winters may increase
opportunities for growth and repraduction. Esti-
mates of changes in rainfall range from modest
increases in mean annoual rainfall up to 45%
decreases (reviewed in PREQ 2011}, This uncer
tainty in how precipitation will chanpe makes it
difficult to predict how P. mcatlii will be afTected.
The effect of rainfall timing and magnitude on
P, meollii populations is likely complex, as
drought reduces juvenile growth rate and adult
movement, but wet years reduce prey abundance
{see the “Life History” section). How fire dynam-
ics will change in this area is also highly uncer-
tain {Westerling and Bryant 2008). Little change
is expected in vegetation communities (Lenihan
etal. 2008, Stralberg et al. 200g).

Status Determination

The specialized diet of Phrynosoma meallii, its
low reproductive rates, and small geographic
range in a highly fragmented region of Califor-
nia contribute to a Priority 2 Species of Special
Concern status.

At the federal level, etforts to secure range-
wide protection for P. mcaflii have been under-
way for several years, with the species firstiden-
tified as a candidate for listing under the federal
Endangered Species Act in 1982 {reviewed
in USFWS z2otfa). In 98¢, this lizard was
rejected for listing under the California Endan-
gered Species Act. Following these efforis, sev-
eral state and federal agencies comprising the
Flat-tailed Horned Lizard Interagency Coordi-
nating Cornmittee signed a voluntary conserva-
tion apreement, which resulted in the protec

tion of management and research areas and a
plan for monitoring the species (Foreman
1997}). In 2003, the range-wide management
strabegy was updated, providing reviews of biol-
ogy, threats, and management recommenda-
tions for F. meallii (FTHL [CC 2003). In zo11,
P. meallii was again denied federal protection
under the Endangered Species Act {USFWS
zo11a). [n broad terms, the USFWS concluded
that the threats to P. mealiil that initiated con-
sideration for listing have been largely
addressed by manapement eflorts {USFWS
zorra). However, P mcallii populations con-
tiuue to face a variety of threats throughout
their range in California,

Management Recommendations

The main management actions that can sup-
port Phrynosoma mcallii populations are thase
that limit habitat disturbance and destruction.
Develgpment that leads to habitat conversion or
fragmentation should be avoided or limited in
P. meallii habitat. Renewable energy projects
should consider potential negative impacts on
P. mcailii. Limiting off-highway vehicle use io
the overwintering season when animalsg are
less likely to be surface-active may help limit
direct moriality impacts. Roadside barriers and
crossing structures should be investipated to
reduce road mortality in arcas where mads may
be barriers to population connectivity. The use
of pesticides in or near P. mcaftii habitat should
consider potential negative impacts on native
ant prey that are an important determinant of
habitat quality for this species. Habitat carri-
dors should be established or maintained to
promate connectivity among remaining popu-
lations, particularly across the United States—
Mexico border. Assisted migration may be
important for ensuring gene flow across obsta-
cleg such ag fences along the United States—
Mexico border. Restoration of degraded habitats
could include activities such as manipulating
soil properties, removing or controlling nonna-
tive plants, and replanting of native plant spe-
cies that provide food for harvester ants and
open habitat for P. meallii.
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The Flat-tailed Horned Lizard Interagency
Coordinating Committee has implemented a
management stratepy for P. meallii (FTHL 1CC
2003). [n California, this strategy includes the
establishment of three Management Areas and
one Research Area encompassing roughly
170,000 ha in regions nf California deemed
especially important to the species including
the Borrepo Badlands, West Mesa, East Mesa,
and Qcotillo Wells. The conservation and man-
agement of these areas is described in the
FHTL ICC (2003} document, and we refer the
reader there for additional details. There is cur-
rently no management area in the northwest-
ern portion of the range. However, the
Coachella Valley Multiple Species Habitat Con-
servaticn Plan and Natural Communities Con-
servation Plan will protect approximately 44%
of rernaining habitat in Coachella Valley (FTHL
1CC 2003}

Monitoring, Research, and Survey Needs

Monitoring Phrynesema meallii is difficult
because this species is cryptic, population
abundance fluctuates, and densities are often
low. This results in low detection probabilities
overall and a hiph degree of variation in detec-
tion probability with respect to different observ-
ers, habitats, substrates, and seascns. Phryna-
soma miallit is cryptically colored and also
exhibits cryptic behavior, tending io freeze
and/or bury itself in the sand instead of Aeeing
{Bryant 1911). Young (zoio) observed that
radio-tagged individuals in Arizona were
almost always motionless when approached,
but tracks showed that the animals ran 1-2 m
to reach the cover of twigs or vegetation, then
froze to avoid detection. Over 25% of the time,
feeing individuals also shuffed into the sand
{Young 2o10). Such crypsis results in a strong
effect of observer experience on survey success
{Grant and Doherty zoo%).

To deal with these challenges, regearchers
have tried to use statistical methods to explic-
itly incorporate detection probability {the prob-
ability of seeing lizards if they are present} into
mark-Tecapture estimates of population abun.-
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dance (e.g., Grantand Doherty 2007, Rovle and
Young zo08). Detection probabilities ranged
from o0.06 to o.15 (Young 2010} to as high as
0.52 on sandy plots intensively searched by
experienced observers [Young and Royle 2o05).
Range-wide monitoring by members of the
FTHL ICC from zoos to zo1z yiclded detection
probabilities ranging from o©.15 in the Borrego
Badlands to 079 in the Yuma Desert (R. Lov-
ich, pers. comm.), and these monitoring efforts
are onpoinp. Even with increasingly sophisti-
cated mark—recapture analyses, data collection
requires substariial effort, and abundance esti-
mates will always be plagued by low detection
probabilities, Because of these challenpes, dis-
tinguishing population declines from natural
Auctuations in abundance is difficult, unless
declines arve severe. As an alternative, Young
(zo10) recommended monitoring presencef
absence over large areas using scat surveys.

Scat counts were commonly used into the
19908 to estimate abundance, but their reliabil-
ity for measuring density has subsequently
been questioned {e.p., Muth and Fisher 1952,
Beauchamp et al. 19g8). However, scats have
been shown to be a good indicator of P. meallii
presence, at least in areas where congeners are
absent {Young and Royle 2005). If scats are
present on a 0.75 ha plot, there is a >99% prob-
ability of an observer detecting them within an
hour {Young and Royle zo00%). Young (zo10)
proposed that such scat surveys could be useful
for delineating occupied habitat across large
areas and that monitoring chanpes in site occu-
pancy over time might be a more viable moni-
toring strategy than trying to estimate
abundance.

In addition to improved monitoring strate-
gies, other research needs include determining
the effects of introduced species, the design
and efficacy of road-crossing structures, and
landscape penetic studies of population con-
nectivity. An additional important research
problem is to identify and monitor processes
that reduce the abundance of ant prey andfor
affect sand compaction {Barrows and Allen
2009). Monitoring for the spread of Argentine



ants, which have been shown to nepatively
impact P. blaineillil, may also be warranted,
especially along suburban—desert boundaries.
Argentine ants have invaded the Coachella Val-
ley but to date are not known to have moved
inta P. mcollii habitat (Barrows et al. zooG).
Fire ants may also pose a threat 10 2. meailii {].
Weigand, pers. comm.}, and their spread and
putential impacis should be studied. Nonnative
plant species are suspected to negatively impact
horned lizards by reducing the availabitity of
open habitat and seed-producing plants and by
impacting locomotion (Germano et al. zoeL
Newbold zoos, Barrows et al. 2009, Rieder
et al. zoio). Introduced plants such as tall-

growing or Sahara wmustard (Brassica
taurnefortii) now occur in P. mreallii habitat, and
the effectz of these species require further
study {J. Shedd, pers. comm., Barrows z2o12).
Barrier fences that prevent lizard access to
roads have been successful in Yuma, Arizona
(e.g., Gardner et al. z004), and may be beneb-
cial in targeted areas in California. However,
more research is needed into crossing structure
design and siting to prevent further fragmenta-
tion of populations. Finally, a clearer under-
standinp of the extent of habitat fragmenLlation
(using both genetic and mark recapture meth-
ods) and how it affects population viability is an
irnportant research need.
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Orange coloration may also be present around
the eye.

Uma netate can easily be confused with its
congeners in California, the Coachella Valley
fringe-toed lizard { L. inornata) and the Mojave
fringe-toed lizazd {U. scoparia), although none
of these species have overlapping ranges. Uma
inorrata Jacks the large and prominent blotches
on the ventral surface, although small black
spots may be present {Stebbins 2003). Uma sco-
parie usually has narrow lines on the throat
that form chevrons and has dorsal ocelli that do
not form broken lines on the shoulders {Steb-
bins 20c3). The sympatric zebra-tailed lizard
{Catlisaurus draconpides) also has black bars on
the tail, although these form bands that encir-
cle the tail rather than being present only on
the underside. Callisgurus also lacks {ringes on
both the toes and the ear cpenings and has an
overall slimmer body sbape (5tebbins aco3).

Taxonomic Relationships

The taxonomy of the fringe-toed lizards has
been confusing since their original description
and remains somewhat controversial. Uma
notata was initially described from a single pre-
served juvenile specimen in poor condition
{Baird 1858). The initial description of morphol-
ogy was mmadequate to diagnose the taxon and
provided details on coloration specific to the
poorly preserved specimen (“light pea green,
spotfed with darker green”) and an inaccurate
type locality (“*Mojave Desert”). An expanded
description was later provided by Cope (1394,
18gsb}, which helped clarify the distinctiveness
of the taxan. Heifetz {1941) provided a thorough
marphological analysis of the genus and con-
cluded that U. notata should be treated as a spe-
cies separate from the other two California spe-
cies (U. inornata and U scoparia). However,
these three species are closely related and their
treatment in the literature has shifted between
subspecies (of U. notata) and full species (Steb-
bins 1954, Norris 1958, Mayhew 1964a, May-
hew 1964b, Adest 1977, Zalusky et al. 1980].
In addition, some authors recognize two
subspecies within U. notata. Uma notala rufop-
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unctata {Cope 1895h} ranges through Arizona
and northwestern mainland Mexico, while U.
n. netata is present only in California. Analyses
of mitochendrial data sugpest that these two
subspecies do not form a monophyletic group.
Rather, U. n. notate is sister to U, inornata to
the exclusion of U. n. rufopunciate {Wilgen-
busch and De Queirnz 2000, Trépanier and
Murphy 2001). Trépanier and Murphy {z0o01)
noted that the mitochondrial DNA implied
either that U. inornata should be considered
part of UJ. notata or that U. n. natata should be
elevated to a full species and that U. n. rufop-
unctzia containg two species {one of which is
cryptic and had not previously been recog-
nized), They preferred this latter arrangement,
altheugh this has not been formally presented
to date. Here, we treat [J. notaia as a full
species, separate from U, n, rufopunciata. Fur-
ther penetic analyses uging multiple independ-
ent sequence markers are needed to clarify
these species boundaries, as well as the phylo-
genetic relationships among species and
subspecies.

Life History

To the extent that it has been studied, the life
history of /. notedn is essentially identical to
that of L}, scoparia, This species specializes on
fine windblown sand habitats and possesses
several behavioral, morphological, and physio-
logical adaptations allowing it to do so (see
account for U. scoparig). This species has a
yearly activity cycle that is similar to U. sco-
parie, becoming surface-active as early as Feb-
ruary. breeding between April and July, with
egg laying in May—July and young appearing in
September (Stebbins 1954, Grismer 2002,
Stebbins 2003}, The two species alse exhibit
similar daily activity patterns and behavior,
They are known to differ in the pattern and
cadence of “pushups” used in territorial dis-
plays, which may have served as a hehavioral
isolating mechanism {Carpenter 1963). Uma
noteta hag a generalized diet cornposed
of leaves, flowers, seeds, and a variety of
small arthropods that is similar to the diet of



U. scoparis (Stebbins 1944). See the account for
U. scoparia for additional details.

Habitat Requirsmenis

To the extent that they have been studied, habi-
tat requirements are identical to those of Uma
scoperia and are described in that species’
account.

Distribution (Past and Present)

[fma notata ranges from the southeastern corner
of California north and west to the Salton Sea
and the northeasiern corner of San Diego
County. Outside of California, it ranges farther
south into Baja California, Mexico, to a latitude
rouphly parallel with the mouth of the Colorado
River {Jennings and Hayes 1994a, Grismer
2002}, The species’ known elevational range
extends from 74 m below i 180 m above sea level
(Jennings and Hayes 1994a, Stehhing 2003).

Few disiributicnal declines have been docu-
mented, although we presume that they have
occurred in some areas that have been heavily
impacted by offhighway vehicular use, as well
as in areas that have experienced heavy develop-
ment (see the “Trendz in Abundance” section).
In particular, agricultural development has
eliminated habitat in extensive areas around the
Salton 5ea (Jennings and Hayes 1gg4a).

Trends in Abundance

Few data regarding historical Uma notala pop-
ulation densities exist, although survey data
strongly suggest that ongoing declines are
occurring in areas that experience off-highway
vehicle use. Luckenbach and Bury (1983) con-
ducted surveys in paired plots at the Algodones
Dunes (lImperial County, California) that had
or had not experienced off-highway vehicle diz-
turbance. Uma rnotata abundance on off
hiphway vehicle-impacted plots was signih-
cantly lower than nonimpacted areas.

MNature and Degree of Threot

Uma notala is experieticing many of the game
threats as [/, scoparia. Habitat loss due to of
hiphway vehicle damape and habitat destruc

tion due to human activities is the greatest
immediate concern. Luckenbach and Bury
{1983) demonstrated major decreases in abun-
dance from off-hiphway vehicle use due to
direct mortality and decreasing vegetation den-
sity and quality. Qfl-highway vehicle use in
Uma habitat also causes increased rates of tail
loss and hearing lass, neither of which are fatal
but both of which decrease individual fitness
(Brattstrom and Bondello 1983, Luckenbach
and Bury 1983). Climate change models for
this region predict relatively sharp inczeases in
mean ternperature of up to 2°C. The impact of
such increases on U. notaia is not known but
should be a high pricrity for future research.
Other threats include increasing predation
associated with human commensals and the
tore general problems associated with reduced
population size and fragmentation. See the U,
scoparia account for additional discussion.

Status Determination

Uma notala specializes on a habitat which is
uncommen, patchy, and undergoing signifi-
cant degradation, and this is the primary justi-
fication for this Priority 2 designation. Several
populations of this species appeat w be stable,
and some of the habitat occurs on protected
land; thus, a higher-priority designation is not
currently justified.

Manapement Recommendations

The primary management need for Umi notaia
is habitat protection. Protecting sand dune habi-
tat from the impact of off-highway vehicle use
alone will significantly increase the probability
of long-term survival of this species in Califor
nia. Habitat tonversion for housing, agricul-
ture, and solarjwind energy may all have
strongly detrimental effects on U. notata, and
the limited distribution of the species requires
that impacts be reviewed on a projectby-project
basis. Over the longer term, increasing tem-
perature and potentially decreased precipitation
due to climate change {PREO 2011) could alsn
lead to habitat loss, which may require the
development of additional managementactions.
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Given their strong association with windblown
sand habitats, all species of Uma may be subject
to local extirpations with limited spportunities
for natural recolonization, and human-
mediated gene flow may be necessary to main-

tain such populations.

Moritoring, Research, and Survey Needs

The manitoring needs for Uma notatz are
essentially identical to those of U. scoporie.
Overall, less of U. notata™ range occurs on pro-
tected land, so these monitoring efforts [and
accormpanying habitat protection) are needed
more urgently for this taxon than for U. sco-
parig. The impact that habitat modihcation may
have on U. notate populations is an area in need
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of additional study. Two genetic needs are criti-
cal. First, the species boundaries of Uma,
including the distinctiveness of the subspecies
of U. n. rufopunctata and the resclution of the
number and identity of species contained
within the genus, require a multi-locus nuclear
dataset to complement initial work using mito-
chondrial DNA ({Trépanier and Murphy acor).
Second, landscape penetic analyses quantifying
the extent of past and cutrent gene flow among
isojated or gemi-isolated populations are needed
to better understand how to manage landscapes
and have the least possible impact on metapop-
ulation dynamics and future population
viability.









throat is marked with narrow crescent-shaped
black bars (Cope 18gsh, Heifetz 1941, Stebbins
20a3). During the breeding season, a yellow-
green. wash may develop on the ventral surlace
and fade into pink on the sides (Stebbins
2003,

This species could be confused with its con-
geners, the Coachella Valley fringe-toed lizard
{U. inoraara) and the Colorado Desert fringe-
toed lizard (U. »eteta). Ume inornata has
greatly reduced, or lacks altogether, the con-
spicuous black spots on the sides of the belly
and has gcelli that tend to form lines aver the
shoulders. Ura notata usually has diagonal
lineg on the throat rather than crescent-shaped
lines and has ocelli that tend to form lines over
the shoulders (Stebbins 2003). These three
species do not overlap in range, although U.
scoparia is broadly sympatric with the zebra-
tailed lizard (C. draconocides), with which it alsa
might be confused. Callisaurus drconoides
lacks fringe scales on the ear openings and
toes, has an overall slimmer body shape, and
has black bands that form rings around the dis-
tal portion of the tail rather than only being on
the tail underside {Stebbins 2003).

Taxenomic Relationships

Uma scoparia was initially described on the
basis of fernoral pore counts and several scala-
tion characters (Cope 1894, Cope 18g5b). [t was
later placed in synonymy with U. nolata when
several of Cope's diagnostic characters were
reinterpreted as representing individual varia-
tion rather than species differences [Camp
1916b, Van Denburgh 1922). The taxon was
later resurrected to full species status based on
a larger series of specimens that identified
diagnostic morphological differences among
the taxa (Heifetz 1941). Several different
authors have neoted external morphelogical,
osteological, and genetic similarity among
members of the genus and have variously
treated [). scopariz as a full species ar subspe-
cies of [I. ratata (Stebbing 1954, NMorris 1938,
Mayhew 19b4a, Mayhew 1964b, Adest 1977,
Zalusky et al. 1980). Carpenter (1963) showed

that the pattern of push-up behavior used in
territorial displays was distinet in U. scoparia,
compared to U. inornatz and U, notata, and
suggested that this may serve as an isolating
mechanism.

Phylogenetic analyses of mitochondrial data
suggested that U. scoparia is monophyletic
{Trépanier and Murphy 2001, Murphy et al.
2000) and forms a clade with the other Mojave
and Sonecran Desert taxa (U/. inorraia and LN
noteta) {Wilgenbusch and De Queiroz 2000].
Mitochondrial data also suggest that some hap-
lotype diversity occurs within the U scopariz
(Murphy et al. 2006}, although divergences are
low and additional, multigene nuclear data are
needed to clarify intraspecific variation. Popu-
lations occurring in the northern part of the
tange have been proposed as a distinct popula-
tion segment based on mitochondrial phyioge-
opraphy and presumed isolation {Murphy et al.
2000).

Life History

Uma scoparia is an active, wary, diurnal lizard
that specializes on fine windblown sand habi-
tat. It is extrermely similar in most agpects of
life history to other species in the genus (Steb-
bins 194 4), and here we make use of life history
information [rom these other species when it is
not available for U. scoparia. Species in the
genus Uma all possess a number of morpho-
logical, behavioral, and physiclogical adapta-
tiors that allow them to persist in arid habitats,
Specifically, a countersunk lower jaw, nasal
valves, and fringes on the eyes and ear open-
ings allow U\ scoparia to prevent sand from
enlering the body (Noiris 1958}, The uasal pas-
sages have a complex convoluted shape that
reduces moigture loss and excludes sand from
inhalation {Stebbins 1943, Stebbins 1948).
Enlarged fringes on the toes have been experi-
mentally shown to increase both maximum
velocity and acceleration on fine sand, particu-
larly cn steeply sloped landscapes such as are
often found in sand dunes (Carothers 19&6).
The Hattened body form, wedge-shaped head,
enlarged, keeled scales on the head, limbs and

HOD[AVE FRIMGE-TCED LIZARD 24L



toes, and the smooth granular scales over the
rest of the body aid in burrowing and “sand-
swimming"” behavior [Stebbins 1944). Uma
scoparia employs this behavior both to escape
from predators and to take refuge from
extremely hot surface conditions (typically
when surface temperature exceeds 43°C; Norris
1g9sd). Uma scoparia possesses both acute
vizion and hearing, which aid in predatar avoid-
ance and prey capture {Stebbins 1g944).

Adult U, scoparia overwinter in the sand
between Movember and February, then become
surface-active throughout the day as tempera-
tures allow, The species maintains a mean
body ternperature of 36—-37.5°C, often becorming
inaciive during the hottest pact of the day dur-
ing midsummer {Mavhew 1904b, Miller and
Stebbins 1964). Breeding occurs throughout
the spring and summer between April and July,
and females lay clutches of 1-5 epps (usunally 2
or 3); more than one clutch may be produced in
optimal years (Stebbins 1954, Mayhew 1966,
Fromer et al. 1gB3, Stebbins zoo3). Young
begin to appear on the surface in September
{Miller and Siebbins 1964).

Uma scoparia has a peneralized diet that
includes a variety of beetles, ants, wasps, flies,
and other small arthropods, as well as plant
leaves and seeds (Stebbins 1g944). At Dale Dry
Lake, San Bernardino County, the diet of adult
U. scoparia consisted of approximately Go%
plant material {mainly in the form of small
seeds) and 40% small arthropads [Minnich
and Shoemaker 1972). The juvenile diet, con-
versely, was composed of over go% arthrapods
{Minnich and Shoemaker 1972). [n low rainfall
years, adults may be forred to switch to a diet
composed mostly of arthropods due to lack of
vegetation, and this may be suboptimal {Bar-
rows 2006). The quality of available food is
probably dependent on the local rainfall, which
varies widely from year to year throughout the
species’ range. Barraws {2c006) found that a
regression model including rainfall and diet
explained 92% of the variation in U. inornaia
density and that pepulation sizes could
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approach zero during multiyear droughts and
then quickly rebound when average rainfall
resumed.

Habitat Requiremenis

Uma scoparia lives exclusively on fine wind-
blown sand (Stebbins 1944). Habitat where liz-
ards are found in the highest abundances pen-
erally cansists of relatively sparse creosote
scrub on loose sand dunes. The diameter of
individual sand grains in these areas is usually
<0.5 mm. Areas with large sand grains (»2 mm
in diameter) appear 1o be avoided, presumably
because this impedes sand swimming and
burying behavior (Stebbins 1944, Norris 1958,
Fromer et al. 1g%3). Within appropriate habitat,
individuals select areas with the finest sand
available {often the downwind side of vegeta-
tion and slopes) {Stebbins 1944, Norris 1958).
Some vegetation is probably required for food
and shade (Miller and Stebbinsg 1¢64). The spe-
cies is not present in areas where the sand
becomes too frmly packed te aliow for sand
swimming, and washes and desert Aais are
generally unsuitable (Miller and Stebbins
1964). No evidence exists that Uma will enter
these areas to migrate between adjacent ateas
of suitable habitat, although additional study of
this question would be valuable.

Uma scoparis may require relatively large
habitat patches for long-term persistence. Fop-
ulation modeling in the ecologically similar
U. inornate suggests that plot sizes smaller
than rco-200 ha are unlikely to allow long-
term persisience of isolated populations (Chen
et al. zoo6).

Distribution (Past and Present}

Uma scoparia is patchily distributed through-
out much of the Mojave Desert in California.
The range extends from near the southern end
of Death Valley at the Inyo San Bernadino
County line gouth through San Bernardine and
Riverside Counties, extending west narrowly
into Los Angeles County {Van Denburgh 1922,
Norris 1958, Miller and Stebbins 1964, Pough



1974, Jennings and Hayes 1994a, Stebbins
2003). Nortis (1958) reports a record from Inyo
County, which has often been repeated in the
literature, However, the stated locality “one and
one-half miles southeast of Saratopga Springs”
places this record in San Bernardine County,
and we know of no other confirmed records
from Inyo County. This species is neatly
endemic to California, extending into Arizona
in one small area near Parker, Yura County
{Pough 1974). A single report of possible Lima
tracks reported from the Eureka Sand Dunes,
Inyo County, California, would extend the
known range ~i75 km o the northwest and
requires verification {Bolster et al. 2000). The
known elevational range extends from below
sea level to nearly tooo m (Jennings and Hayes
Igg.4al.

Extirpations have been documented at El
Mirape and Harper Dry Lakes, San Bernardino
County, and at Lovejoy Bultes and Piute Butte,
Los Angeles County {Murphy et al. 2006).
Additional extirpations may have occurred at
Rogers Dry Lake, Kern County, California, and
Saddleback Butte, Los Angeles County, Califor-
nia {CBD 2000].

Trends in Abundance

No quantilative data are available regarding his-
torical abundance, though the lizard was, and
is, common at many isolated localities. Some
data suggest that this species has become
uncommon in areas where habitat degradation
due to off-highway vehicle use has occurred
{Bolster et al. 2000, CBD 2006},

Nature and Degree of Threat

The mpst important threats facing Uma sco-
parie are habitat logs and fragmentation due to
human activities and ofF-highway vehicle use,
which negatively impacts loose sand habitat.
Other activities, including the development of
rencwable energy facilities, may also negatively
impact the structure of essential windblown
sand habitat patches. The species is only found
in loose sand areas, and experimental work in

the closely related and ecologically similar spe-
cieg U inornata sugpesta that thege lizards are
highly sensitive to stabilization of their sand
habitat (Turner et al. 1984). Habitat fragmenta-
tien is also an impottant threat. Even where
patches of intact habitat remain, fragmentation
and srnall patch sizes have been shown 1o be
associated with declines and extirpations in U,
inornate (Barraws and Allen 2007). [n addi-
tion, surveys for the ecologically similar U/,
notata that cotnpared lizard abundances in
areas that experienced ofF-highway vehicle use
to areas that do not, found much higher densi-
ties in the less-impacted habitat {Luckenbach
and Bury 1983). Off-highway vehicles impact
this species tbrough direct mortality, destruc
tion of vegetation (which is correlated with liz-
ard abundance), and increased rates of Lail loss
{Luckenbach and Bury 1g83, Ouren et al.
2007}, Further, U. sceparia has sensitive hear-
ing that is easily damaged by even moderate
and short duration off-highway vehicle activity
(Brattstrom and Dondello 1g83), Hearing
loss likely harms this lizard's efficiency at cap-
turing prey and its ability to avoid predation
(Brattstrorn and Bondelle 1983). Increasing
predator densities {e.g., common ravens) in cer-
tain areas, often in association with human
development and the presence of garbage
dumps, may also be causing declines in lizard
abundance in localized areas (Bolster et al.
2000).

Uma scoparia is likely sensitive to the effects
of climate change. Climate change medels for
this region predict relatively sharp increases in
mean temperatore of up to 2°C (PRBO 2o11).
The impact of such increases on U. sceparia
and on critical plant species is not known but
could be large and should be a hiph priority for
future research. The distribution of U. inorrata
1¢ associated with an east-to-west drought gra-
dient in the Coachella Valley {Barrows and
Allen 2007). Like off-highway vehicle use,
drought decreases the amount and quality of
vepetation present, which limits both food and
cover for this species {Barrows et al. 2010).
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Because Uma specializes on relatively isolated
patches of habitat, it is probably unable to track
available habitat with changing climatic condi-
tions. Climate change modeling studies on
other Uma species {U. inornata; the Coahuila
fringe-toed lizard, U. exsul; and the Chihua-
huan fringe-toed lizard, U. paraphygas} predict
significant habitat loss under a relatively wide
range of climate change scenarjos (Ballesteros-
Barrera et al. 2007, Barrows et al. 2010) and
these tesults are also likely to apply to U
scoparia.

Status Determination

Urma’s specialized habitat is relatively uncom-
mon and undergoing significant degradation,
and this is the primary justification for Priority
1 designation. While some populations have
been extirpated, several populations of this spe-
cies are still common, and some habitat occurs
on protected land that is not subject to off-
highway vehicle use, precluding the need for a
higher-priority designation.

On 10 April 2006, the Center for Biological
Diversity and Sylvia Papadakos-Morafka peti-
tioned the US Department of the Interior to list
the northern population zegment identified by
Murphy et al. {z006) under the Federal Endan-
gered Species Act {CBD 2000}, The USFWS
issued a go-day finding that substantial evi-
dence for listing need had been presented and
initiated a 12-month status review for the taxon
{USFWS zoo8). This review concluded that the
Amargosa River populations of U. scoparia do
not constitute a distinct population segment
and are therefore ineligible for listing under the
US Endangered Species Act (USFWS 2011},

Management Recommendations

Effective manapgement of this taxon over the
short term can likely be accomplished by pro-
tecting habitat from development and degrada-
tion [torn off-highway vehicles and other
human impacts. Over lonper time periods, cli-
mate change could begin to have a larger
impact, and this may require additieral man-
agement efforts. Such efforts could range from
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human-assisted translocation to planting
drought-resistant vegetation, depending on
local conditions and the extent of temperature
and precipitation changes. If restoration occurs
in areas where extirpation has occurred or if
development activities further izolate occupied
habitat patches, human-assisted translocation,
potentially in association with captive breeding
programs, may be a key strategy for this
species,

Monitoring, Research and Survey Meeds

Two key research efforts for Uma scoparia
should focus on the effects of human activities
{including off-highway vehicles, solar and wind
energy development, and roads) and the genetic
effects of both natural and anthropogenic habi.
tat fragmentation. The effects of off-highway
vehicles are particularly important, and moni-
toring efforts should be initiated in areas that
experience off-highway vehicle use compared
to more pristine, adjacent areas. In particular,
these elfarts should focus on comparing the
effect of varying intensity of anthropogenic dis-
turbance on populations, with the airm of estab-
lishing what intensity of off-highway vehicle
use can be tolerated. These efforts should also
attempt to disentangle the effects of habitat
desiruction, neise pollution, and direct mortal-
ity on populations, since each can in principle
be managed independently. For example, if off-
highway vehicle use primarily affects these liz-
ards throuph reductions in vegetation, habitat
restoration coupled with restricting offFhighway
vehicles to certain trails or corridors could con-
stitute a reasonable manapement strategy.
Alternatively, noise pollution effects may
require eliminating ofl-highway vehicle access
in areas where the lizards are present. Because
population sizes naturally Ructuate with rain-
£all in this species {Barrows 2000), and in
some cases can approach zero before rebound-
ing, monitoring thig species is inherently diffi-
cult, and multiyear surveys spanning several
drought and non-drought years are essential.
The frequency of lizard detection and the accu-
tacy of population size estimates can be



increased with repeated sampling and specific
detection methods (Turner et al. 1984, Bolster
etal. 2000), and these should form the founda-
tion of monitoring protocols.

Genetic studies are critical at two distinct
levels of resolution that require different data-
sets and analytical approaches. Species bound-
aries across Uma and large-scale phylogeo-
graphic patterns within U. scoparia remain
pootly resolved (see also the species account for
U. natata), and hoth are critical for eflective
management. For species boundary work, the
resolution of the number and identity of species
contained within the genus requires a multi-
locus nuclear dataset to complement initial
work using mitochondrial DNA (Trépanier and
Murphy 2001, Within U, scoparia, phylogeo-
graphic studies using multiple nuclear markers

are also needed in arder to quantify the
intraspecific diversity present within the spe-
cies. At a finer scale, landscape and population
genetic studies are also badly needed to estab-
lish natural levels of pene Aow, including move-
ment across seemingly inhospitable habitat
patches, for this windbiown sand habitat spe-
cialist. These data can advise and guide plans
for habitat acquisition both now and in the face
of climate change, and may be a critical ele-
ment in establishing appropriate habitat corri-
dors and supplementing ecological survey data
to guide potential human-assisted transloca-
tionl. Finally, these multi-locus microsatellite or
SN[P-based studies can help clarify the amount
of migration (if any} between adjacent popula-
tions aud effective population sizes of existing
local populations.
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The two species do not overlap in range but
ogcur within 32 km of each other. Xantusia hen-
shawi has larger dark spots on the dorsal sur-
face, more extensive speckling on the ventral
surface, and an overall more robust body shape
(Griscner and Galvan 1986). Xentusia gracilis
also has an enlarged temporal seale {about half
the size of the postparietal] compared to X. hen-
shawi (typically less than one-quarter the size
of the postparietal; Grismer and Galvan 1986).
The peninsular ieaf-toed gecko {Phyllodactylus
nocticolus) also occurs in the vicinity of X. graci-
lis, but this lizard lacks the dark-brown dorsal
spots and has prominent, expanded toe tips.

Texonomic Relationships

Kentusia grecilis was initially described as a
subspecies of X. henshawi on the basis of color,
scalation, allozyme variation, and behavior
{(Grismer and Galvan 1986G}. The taxon was
elevated to species status because it is diagnos-
able, geographically isolated, and forms a
monophyletic clade nested within X. henshawi
for a single mitachondrial locus {Lovich zoar1).
This arrangement is now widely accepted.

Life History

The life history of Xantusia gracilis is poorly
studied, particularly so in wild populations.
Given the species’ overall similarity in most
respecis 1o X, henshawi, we expect that life his-
tory information from X. henshawi is a reason-
ably good predictor for X. gracilis (Lee 1975).
However, the two taxa live in distinct habitats
and show some behavioral differances in cap-
tivity, so some life history differences prohably
exist in the wild. Xontusiz gracilisis likely active
from spring through fall {Lemm 2006). In cap-
tivity, it has been shown to be more strongly
necturnal than X, henshawi, more frequently
found on the sandy substrate on the bottom of
the enclosure aud does not seem to he limited
to rock faces {Lee rgyg, Grismer and Galvan
1986). Rased on what is known about X. ken-
shawi, we expect that X gracilis has a low meta-
bolic rate and is quite sedentary, feeding prima-
rily ants, beetles, and spiders {Brattstrom 1952,
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Lee 1gys, Mautz 1979). [n captivity, X. gracilis
are also known to feed on the eggs of Phyiledac-
tylus nocticolus, a behavior that captive X. hen-
shawi in the same enclosure did not exhibit
(Grismer and Galvan 198G). In X. henshawi,
mating occurs in fune and July, with one or two
live young born in September or October
{Brattstrom 1951, Lee 1975}, and this may also
be the case for X, gracilis. Individuals probably
do not become reproductively mature until
2.5-3.5 years of zge and are likely long-lived,
although field data are lacking {Lee 1975).

Habhitat Requirements

Mantusia graciislives in eroding sandstone and
mudstone habitat where it utilizes crevices,
rodent burrows, and the undersides of exfolia-
ting mck flakes as shelter {Grismer and Galvan
1980). At night, it emerges from its shelters
and can be found maving about on the surface
(Grismer and Galvan 1986}, This species is less
dependent on exfoliating rock habitat than X.
hershawi (Grismer and Galvan 1980).

Distobution (Past and Present)

Xantusio gracilis is restricted to one small area,
approximately 3.9 km* in total area, on the
southeastern flank of the Santa Rosa Moun-
tains, entirely within Anza Borrego Desert
State Park {Grismer and Galvan 198G). The
known elevational range extends from approxi-
mately 240 to 305 tn. Within this small region
the species is patchily distributed, commoen in
some areas and apparently absent in others
(Grismer and Galvan rg86). Xantusia henshawi
nccurs approximately 32 km to the north and
west, and no xantusiid lizards are known from
the intervening area. No historical distribution
data are available for this taxon, although we
have no reasen to think that the disteibution
has declined recently.

Trends in Abundance

Na data on historical or current abundance
have been published, although some have sug-
gested that habitat quality has declined due to
collection activity {R. Lovich, pers. comm.).



The extent and severity of such impact has not
been quantified {R. Fisher, pers. comm.}. Some
amount of illegal collection occurs for this spe-
cies, which may be driving small declines (M.
lorgensen, pers. comm.}.

MNature and Degree of Threat

Xantusie gracilis lives in a fragile habitat in an
extremely localized area. Damage to this small
patch of habitat, be it frorn habitat destruction,
invasive species, collecting, or climate change,
is the largest risk facing the species (Lovich
2009b). It is also likely long-lived and late
maturing with a low reproductive potential,
and populations are likely to be slow to recover
{rom declines. Some amount of illegal collect-
ing occurs, which could be contributing to such
declines, particularly in areas that are most eas-
ily accessible by road.

Status Determination

The extremely localized range and relative fragil-
ity of Xantusie gracilis habitat are significant risk
factors. The species’ life history also predisposes
it to decline in the face of any increased adult
mortality. Although data are almost entirely lack-
ing, X. gracilis appears to be relatively stable at
the present time; thus, we designate itas a Prior-
ity 3 Species of Specizl Concern.

Management Recommendations

Limiting access and minimizing disturbance to
Xantusia gracifis' habitat is currently the most
important component of effective conservation.
This management strategy shauld be zeviewed
as needed depending on the results of the sur-
veys cutlined below. All collecting should be
restricted or eliminated unless it is absolutely

necessary for scientific purposes that further
censervation of this species.

Monitoring, Research, and Survey Needs

As published historical or current abundances
of Xontusig gracilis are lacking, publication of
any existing data is a priority. Formal monitor-
ing should be initiated to establish and publish
baseline population data. These surveys should
be petformed at night, and it is essential not to
disturb the fragile microhabitat (e.g., moving
rocks or rock flakes, excavating rodent burrows).
Aside from estimating population size, these
surveys should also quantify and document any
observed habitat disturbance, Year-to-year fuc
tuations in population size occur in other xan-
tusiid lizards {Lee 1975) and are 1o be expected
in X. gracilis as well. Establishing a long-term
moenitering program is a critical objective. Addi-
tional surveys to establish the precise limits of
the range of X. gracilis will help determine best
practices for managing its fragile habitat in the
heavily used Anza-Borrego Desert State Park.

The life history of this species has not been
studied and an autecological study is badly
needed 1o provide basic information on habitat
suitability and reproduction. These data will be
urgently needed should more extensive man-
agement efforts become necessary.

Finally, multi-locus microsatellite or SNP
data should be collected to provide genetic esti-
mates of effective population size, and poten-
tially levels of gene flaw, even for this restricted
species. A key issue for this species is to sample
individuals without invasive tissue-removal
techniques, and it would probably be best to
work out such protacols on X. henshawi before
applying them to X. gracilis.
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{X. v. vigilis), which occurs nearby. Xantusia
vigilis vigilis has fairly distinct dark spots on the
dorsal surface that do not form a network,
though they form narrow longitudinal stripes
in some populations (Stebbins aco3). Several
aspects of the scalation also differentiate these
two subspecies (Bezy 106G7).

Taxonormic Relationships

Xantusia vigilis sierrae is a member of the X,
vigilis species complex. It was initially recog-
nized on the basis of habitat type, coloration,
scalation, and femoral pore count (Rezy 1967).
Since its initial recognition, genetic analyses
have shown that X, v sierrze forms a mono-
phvletic group embedded within X. wigilis for
mitochondrial and nuclear DNA sequence data
{Sinclair et al. 2004, Leavitt et al. 2007). Alloz-
yme data also suggest that it is distinct, but a
close relative of X. v. vigilis (Bezy and Sites
1987}. One population of X v. vigilis that occurs
within 6o km of X. v. sferrae is suspected to
contain intergrades based on femoral pore
counts (Bezy 19067}, although geographically
more proximate populations {~20 km apart)
show no evidence of this intermediate condi-
tion (Leavitt et al. zooy). Sinclair et al. {zoo4)
considered X, v. sierrue a "candidate species”
whose status required further testing with
additional data. Some recent taxenomic lists
have elevated it to species status without addi-
tional justification (de Queiroz and Reeder
zoo8, Collins and Taggart zoog). The weight
of current evidence suggests that species status
is probably warranted, and a population genetic
analysis of X. v. sierrae and nearby X. v. vigilis
populations is needed help clarify this issue. [n
particular, such a study could quantify whether,
and to what extent, migration and intergrada-
tion occur along the eastern edge of the taxon's
range.

Life History

Thelife history of Xantusia vigilis sierrae has not
been studied. However, among xantusiid
species that have been examined, life history
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features are largely conserved across southwest-
ern United States, and we assume that the
life history of X. v. vigilis may be a good predic-
tor for X. v. sierrae in many respects. Xantusia
vigilis sierrae is primarily 2 rock-dwelling spe-
cies, whereas X. v, vigilis is more of a habitat
generalist with some preference for fallen
vegetation, Some aspects of the life history
may therefore be more similar to other rock-
specialist night lizards (e.p., X. henshawi or X.
griacilis).

Based on information from other gpecies, X,
v sierrac is probably a generalist predator that
consumes a variety of small invertebrate prey
{Brattstrom 1952, Stehbins zo003, Bezy 2009).
[ts diet is probably dominated by ants and other
insects that occur within crevices (Brattstrom
1952, Bezy zoo09). Xentusin vipilis sierrae is
prohahly long-lived and takes 2.5-31.4 years to
reach sexual maturity (Lee 1975), eventually
producing 1 or z live young/year (Brattstrom
t951). This species likely has a low metabolic
rate relative to other lizards and grows siowly
{Mautz 197g). Daily activity cycles are
unknown. Some rock-dwelling night lizards
are largely diurnal and/or crepuscular (X. hen-
shawi; Mautz and Case 1974), while others
appear to be nocturnal (X. gracilis; Grismer and
Galavan 1986}

Habitat Requirements

Xantusia vigiis sierrae is known primarily from
exfoliating pgranite outcrops (Bezy 1506%),
though it can also be found under tree bark that
has fallen on the ground or is loosely attached
to trees {D. Leavitt, pers. comm.}. Within its
rocky habitat type, this species is more fre-
quently found under large horizontal cap rocks
than the more numerous, vertically oriented
smaller flakes (Bezy 1967}, Xantusia vigilis
sierree is also more frequently found in
small clusters of one or a few houlders than in
larger rock piles on rocky slopes and canyons
{Bezy 1967). Some authors have speculated
that this may reflect varying abundances
associated with diflerences in predator access



{Jennings and Hayes 1994a)}, although it is
also possible that it reflects differences in
detectability. The dominant vegetation of its
preferred habitat is foothill grassland with
interspersed shrubs and woody vegetation

{Bezy 1967).

Distribution (Past and Present)

Xantusiz vigilis sierrae is known only from
rocky hillsides on the western edpe of the
Greenhorn Mountains near Granite Station,
Kern County, California {Bezy 196%, Stebbins
2003). The known elevational range extends
from 450 to 500 m {Bezy 1967}, No significant
chanpes in distribution are known, although
the developrment of small ranches may impact
populations in the area.

Trends in Abundonce

No historical or current abundance data are
available for this taxon, although these lizards
do not currently appear to he rare {D. Leavitt,
pers, comm.). Moderate habitat degradatien
from previous collecting efforts as well as mod-
erate amounts of landscape modification may
be causing declines (R. Fisher, pers. comm.),
although this has not been conhrmed.

Mature and Degree of Threat

The primary threat facing Xantusia vigilis sier-
rae is its exceedingly small ranpe that cccurs on
unprotected land. Development in the region is
taking place and could have catastrophic effects
on the existing populations, as could any frag-
mentation of the habitat that isolates granite
outcrops in which this lizard lives. The rock cap
and crevice habitat that this species prefers is
also susceptible to degradation by humans
{Jennings and Hayes 1994a, Stebbins 2003;
D. Leavitt, pers. commnt.].

Status Determination

Xantusia vigilis siervae is a narrowly distributed
habitat specialist that is endemic to a small
region of the Sierra Nevada, However, no distri-
butional declines have been documented, and

only small declines in abundance are sus-
pected, resulting in a Priority 3 designation.

Management Recommendations

To protect this species, habitat loss and degra-
dation need to be avoided. Ellective protection
of this species can likely be accomplished
by protecting rocky habitats from most human
interference, including intensive collecting
efforts and protecting the surrounding area
from development. Housing development
in the form of ranchettes and other rural devel-
opment projects should be closely managed
to avold impacting Xantusia vigilis sierrae
populations, including provisions for habitat
cortidors to prevent fragmentation. 1t is
unknown whether grazing adversely affects the
species,

Monitoring, Reszarch, and Survey Needs

Given the almost complete dearth of ecnlogical
work on this species, several research and mon-
itoring needs are required for its future man-
agement and proiection. Until recenily, this
species was known only to inhabit exfoliating
granite, although its actual habitat utilization
now seems o be somewhat broader than this.
Further study of habitat use and preferences in
Xantusia vigilis sievrae is essential to establish
an effective management program.

A lonp-term populativn menitoring pro-
gram needs to be initiated for this species. ide-
ally across all utilized habitat types. These
monitoring programs need not be extensive,
but at minimum ghould document population
size in disturbed and pristine habitats at regu-
tar intervals. Such monitoring can provide both
critical data on natural population fluctuations
and an early warning of declines in their initial
stages.

Finally, genetic analyses using multiple
nuclear markers are needed to address two
irmportant conservation issues. First, additional
work at the phylogeographic/species boundary
level is needed to determine whether X. v sier

rag is best considered a species or subspecies
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within the X vigilis complex. An important
aspect of this work should be to examine popu-
lations in close proximity to X. v, vigifis to deter-
minz the degree and extent of admixture
between these taxa. Second, landscape genetic
work across its limited range is needed to quan.
tify the degree of population isolation and sub-
structure among habitat patches, migration
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corridors that are most heavily used by the liz-
ards, and effective population sizes of popula-
tions in ecologically diverse habitat patches.
ldeally, tissue samples in the form of small tail
clips should be collected each year from study
populations to allow for genetic as well as
demographic estimation of population size
fluctuations nver time.









dark spot is usuvally present below each eye
(Klauber 1946).

In California, this taxon could be confused
with other subspecies of A. ¢legans, with the
gopher snake (Pituophis catenifer), or the night
snakes {Hypsiglena spp.). This subspecies is
penerally darker than other subspecies of A,
elegans in California, though intergrades are
common alang the desert slopes of the coastal
mountains (Klauber 1946). Generally, A. e
occidentalis is best distinguished fram other
subspecies based on range. Pituophis catenifer
has keeled scales and {usnally) rwo pairs of pre-
frontals, while Hypsiglens is smaller {up to 66
cm), has strongly elliptical pupils, and an
extensive dark blotch on the neck {Stebbins
2003).

Taronomic Relatianships

Arizono elegans occidenialis was initially
described on the basis of scale counts and dor-
sal blotching and included all snakes in this
genus ranging from California through south-
eastern Arizona (Blanchard 1g9z4). Klauber
{1946) later 1estricted this taxon and described
twn new subspecies occurring in eastern Cali-
fornia {the Mojave glossy snake, A. e. eandida,
and the desert glossy snake, A. e. eburnata),
which difter from A. e. occidentalis primarily in
body color. Intraspecific {or intrageneric) varia-
tion has not yet been assessed genetically,
although at the generic level, Arizora appears
to be a relatively distant sister taxon to the long-
nosed snake {Rhinockeilus lecontel) (Pyron and
Burbrink zo04q).

Life History

Arizone elegansis a nocturnal snake that is gen-
erally active from late February until Novem-
ber, depending on local weather conditions
(Klauber 1940, Grismer 2002). In California,
A. ¢. eccidentalis reaches peak activity during
May (Klauber 1946; 8. Sweet, pers. comm.),
with few specimens being collected throughout
the remainder of the summer {Klauber 1939,
Goldberg 2000). The species feeds primarily
on diurnal lizards, which it captures while they

sleep, and small nocturnal mammals, which it
ambushes (Klauber 1946, Rodriguez-Robles
et al. 1999a}. [n a sample of 107 prey speci-
mens, 50% were lizatds (primarily Sceloperus
and Uta) and 44% were mammals (primarily
small rodents). Larger specimens are also
known to take small birds and other snakes
{Rodriguez-Robles et al. 1q999a).

Arizona elepans retreats to burrows during
the day, using cither existing mammal bur-
rows, excavations under rocks, or creating bur-
rows for itself (Klauber 1946, Degenhardt et al.
1966). This species can be nocturnally active ar
relatively low temperatores (as low as 14°C,
though typically 19—20°C; Cowles and Bogert
1944).

Reproduction is poorly studied in the wild,
but museum specimens indicate that ovulation
begins in June, and spermiogenesis occurs in
late summer {Goldberg zoe), In A. elegans
from New Mexico, ovulation also begins in
June with oviposition occurring in July
{Aldridge 1979). Clutch size is poorly docu-
rmented in this subspecies, though two indi-
viduals contained three and seven eggs, respec
tively {Reynolds 1943, Klauber 1946). Actoss A,
elegans, clutch size varies widely from 3 to 23
egps, with a mean of 8.5 (Fitch 1970). Recent
hatchlings are typically found in September (5.
Sweet, pers. comm.).

Habitat Reguirements

Arizona elegans is found in a wide variety of
habitat types, including cpen desert, grass-
lands, shrublands, chaparral, and woodlands.
However, only a subset of these habitat types
occurs within A. e. occidentalis’ range, prima-
rily grasslands, fields, coastal sage scrub, and
chaparral {Klauber 1946). No studies of habitat
tequirements exist, althouph this subspecies
appears to prefer open microhabitats. The
majority of records occur in relatively open
patches in a surrounding matrix of denzer veg-
etation (Klauber 1946). This subspecies can be
patchy within its range, with certain areas con-
sistently producing more records than others
that have seemingly identical habitat (Klauber
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19406). Arizona elegans appears to prefer areas
where the scil is loose, which allows for bur-
rowing (Grismer 2002, Stebbins 2003).
Unpublished survey data indicate that A. . ocei-
dentalis may prefer sandy soil habitats such as
coastal sand dunes, alluvial creek beds, and
ancient dunes on the marine terraces (R.
Fisher, pers. comm.).

Distribution {Past and Present)

Range-wide, Arizona elegans occurs throughout
much of southwestern North America, extend-
ing east as far as rentral Texasg, Oklahoma, and
Kansas, and south to central Mexico. Klauber
(1046) restricted A. e. nccidentalis to the central
San Joaquin Valley south to the Tehachapi
Mountains and along the base of the Coast
Range mountains farther south to San Quin-
tin, Baja California. This subspecies is known
to occur from sea jevel 0 ~1800 m {Lemm
2006]).

Arizona elegans occidentalis has apparently
declined throughout much of its range. In San
Diego County, survey dala are available for Tor-
rey Pines Stale Reserve, Point Loma, and the
Tijuana Estuary. The subspecies was formerly
present in these areas but now appears to be
extirpated {Wells 1998, Case and Figher 2001,
Fisher 2o004). Extensive agricultural develop-
ment and habitat modification throughout the
San Joaquin Yalley and urban developrnent
within the Los Angeles basin have likely led to
declines and/for extirpations in these areas as
well {Stebbins 2003; R. Fisher, pers. comm.).

Trends i Abundance

Few abundance data exist for this subspecies.
However, extensive early surveys of snakes in
San Diego County failed to find the species,
suppesting that they were uncommon {Klauber
1924). Bogert (1030) was aware of only two
records for Los Angeles County. Klauber {19406)
ubserved that Arizonag elegars occidentalis
exigsted in lower densities, relative to the total
snake population, than either A. & cendida or
A. e churrala, and that A. e occidenlalis was
patchily distributed. Pitfall trapping data cal-
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lected by the US Geological Survey (USGS)
over 17 years in San Diego, Orange, and Los
Angeles Counties have resulted in only a single
capture of this taxon (C. Rochester, pers.
comrn ). Presently, the subspecies is found less
commonly than it once was throughout the San
Diego region (Case and Figher 2001, Lemm
2000), Both low densities and patchiness could
make this taxon particularly susceptible to
declines and may explain why the species has
seemingly disappeared {rom some areas, while
several other colubrid snakes remain present.
Developrment continuesg within the species
ranpe and thus ongoing declines in abundance
are likely.

Nuture and Degree of Threat

The greatest threat to this subspecies is habitat
madification due to agricultural, commercial,
and residential development. However, the spe-
cific mechanisms that cause declines are not well
undezstood. Abundant prey and small habitat
blocks that appear suitable renain in some devel-
oped areas, although the species may be sensitive
to the light pollution arising from this develop-
ment [Perry and Fisher 20006, Perry et al. 2008).
This species’ response to wildfire is not well
understood, but increasing frequency and inten-
sity of wildfires due to climate change may plau-
sibly lead to habitat modification that impacts
this taxon, The projected changes in wildfire
regime in this area are mixed {(PRBO 2011}, s0
the degree of this threat is still unkoown. Wild-
fires that are small in scale and intensity may
have a beneficial impact by temporarily clearing
patches of chaparral habitat, which then recover
over a period of a few years, creating the patch-
work of open and densely vegetated habitat that
this species appear to prefer. Large and intense
wildhres, conversely, kill chaparral and convert
large habitat patches to grassland for longer peri-
nds of time, This pracess wauld likely have a det-
rimental impact on this species.

Status Determination

A muoderately small range and moderate degree
of ecological specialization and endemism,



coupled with documented declines within this
species range and projected impacts from
onpoing development, contribute to a Priority 1
designation for this subspecies.

Management Recommendations

Habital protection is currently the most impor-
lant management priority for Arizona elegans
eccidentalis, The studies outlined below will
help to characterize habitat usage, home range
size, distribution, and abundance. Once these
data become available, a more specific manage-
ment program can be developed that targets
specific remaining populations and protects
appropriately sized habitat blocks for the spe-
cies' home range size and movement patterns.

Monitaring, Research, and Sunvey Needs

This is a poorly studied component of Califor-
nia's herpetofauna. Two immediate research
priorities exist for this taxon. First, ecological
studies need to be initiated to enhance our cur-
rently poor understanding nf the life history and
existing population sizes in this subspecies.
Withowt this basic information, designing a
coherent management strategy is impossible.
These studies should take place in concert with
survey elforts te mere precisely quantify the

subspecies’ present distribution. These surveys
should employ a variety of techniques, likely
including night driving, snake trapping, and
artificial cover object transects in order to
increase capture success. If reasonably high cap-
ture rates can be obtained, individually marking
snakes for mark—recapture population size eski-
mates should also be performed. Radioteleme-
try studies may be a fruitful means for deter-
mining home range size and more thoroughly
characterizing habitat usage, particularly given
the indications that this species might have
specific microhabitat preferences. Second, a
gpecies-wide phylogeographic study should be
performed in order to elucidate intraspecific
variation and identify appropriate units for con-
servation. Phylogenetic and phylogeographic
studies of other wide-ranging snakes have fre-
quently led to changes in the understanding of
species boundaries and diversity, including the
genetic diversity that exists within a species and
its concordance with morphelogical subspecies
boundaries. Finer-scale landscape ecological
shudies, particularly in concert with radiotelen-
etry on the same landscapes, would also provide
important information for conservation strate-
gies. These important data are entirely lacking
fer this taxon at present,
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Taxoromic Relationships

Based on analyses of morphology and mito-
chendrial DNA, Murphy et al. {1995} proposed
synonymizing Crolalus ruber with an island
gpecies, the Cedros Island diamond rattlesnake
(€. exsul Garman 1884). Because C. exsul was
named frst, Murphy et al. (1995) suggested
changing the name of C. ruder However, this
has been opposed in favor of stability of the
nemenclature (Smith et al. 1gg8, ICZN 2000).
Here, we use C. ruber to efer ta all California
animals.

Life Histary

Crotalus ruher is generally most active between
March and June (Ernst and Ernst 2003). [n one
study from San Diego County, snakes typically
emerged from overwintering locations in late
February, but seme individuals were inactive
until mid-April {Brown et al. 2008). Maost
mavement accurred in late spring and sum-
mer, dens were populated in November, and na
movement was recotded in December or [anu-
ary (Brown et al. z2o08). In Riverside County,
desert animals were active from early March w
late November {Greenberg 2002).

During the cold winter months, C. ruber
spends most of its time underground in dens
located in rock crevices, animal burrows, or
under shrubs or cacti. Several individuals may
aggregate in these dens, but denning behavior
is variable across sites {Klauber 1956, Ernst and
Ernst zoo3). [n one study in San Diego County,
7 out of 11 radio-tracked snakes overwintered in
communal dens located in rock crevices of
granite baulders with up to 7 other individuals
{Brown et al. 2008). Most snakes reused den
sites over multiple years and moved ~300 m
away {rom den sites during the active period
the following year (Brown et al. 2008). In con-
trast, in sites where large rocks were rare, ani-
mals were observed to overwinter singly under
prickly pears {Qpuntia sp.), did not show con-
sistent site Adelity to overwintering sites, and
moved farther from overwintering sites after
emergence (Greenberg 2002, Dugan et al.
zoo8).
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Home range area is also variable in this spe-
cies, and male home ranges are larger than
those of females (Tracey zooo, Greenberp
2002, Brown et al. 2008). The few available
radiotelemetry studies suggest that home
ranges may be larger in the desert than in
coastal habitats. In a reserve in San Diego
County, average home ranpe sizes were 2.8 ha
far males {n = 5) and o.g ha for females {r = 6;
Brown et al. 2008). At another relatively coastal
site in Chino Hills State Park in southwestern
San Bernardino County, Dugan et al. [z008)
found that male home range size varied from
©.3 to 4.5 ha (4 = 7). In contrast, average home
range sizes for desert animals from Riverside
County were 235.7 ha for males (n = 5} and 5. ha
for females {n = 4; Greenberg and McClintock
2008).

Ceourtship and mating have been observed
in the field in California frotn February o May
(Brown et al. 2008, Dugan etal, 2008). In San
Diego County, Brown et al. (2008) witnessed
fernales mating from April to May (sometimes
with den mates), and births accurred in Sep-
ternber. Goldberg {199g) examined the repro-
ductive condition of 43 specimens, 41 of which
were from desert habitat in Riverside County
and 2 from coastal Oranpe County. Reproduc
tively active males were observed in August
{Goldberg 1999). Although specimens were
unavailable from later in the year, Goldberg
{1999) speculated that sperm production con-
tinued through the early fall. Sperm was found
in the vas deferens for all animals (cellected
February through August), suggesting the use
of sperm stored overwinter for spring mating
{Goldberg 199p). Females contained enlarged
ovarian follicles (>10 mm) from March through
September. Fernales may repraduce every other
year, given that only 7 of 15 females showed evi-
dence of reproductive activity {Goldberg 1990]).

An average of eight young (range 3—20, n =
40; Klauber 19356) are live-born after a gestation
period of 141-173 days (u = 3, data from captive
animals; Klauber 1956}. Goldberg (1959} esti-
mated similar average litter sizes from counts
of enlarged ovarian follicles (range 4—8, mean



6.3, » =7}. Klauber (1956) examined 24¢ apeci-
mens from San Diego County to estimate
growth curves and found that young are 30 cm
TL at birth on average and roughly double in
length during their first year. Estimates for size
at reproductive maturity range from 6c to 75
ern TL (Klauber 1956, Wright and Wright 1957,
Goldberg 19949},

Crotalus ruber mostly feeds on small marn-
mals but will also eat lizards, birds, and cther
snakes (Tevis 1943, Klauber 1956, Cunning-
ham 195g9b, Patten and Banta 1g980). Dugan
and Hayes (zor2} compiled range-wide dietary
data from museum specimens, live animals,
road kills, existing literature, and other obser-
vationg. Roughly g2% of all prey items were
mammals, with lizards {8%) and birds (1%}
taken less frequently. Prey items were found in
snakes collected year-round, suppesting that C.
ruber occasionaily feeds during the winter
{Dugan and Hayes 2012},

Habitat Requirements

Crotalus ruber occurs in several habitat types,
including coastal sage scrub, chamise chapat-
ral, redshank, desert slope scrub, desert
washes, prassy felds, orchards, cactus paiches,
and rocky areas {Klauber 1956, Jennings and
Hayes 19944, Tracey 2000, Dugan et al. 2008).
Klauber {1956} noted that 44% (30/68) of ani-
mals were found near heavy shrub and chapar-
ral, and 21% (14/68) were found near rocks and
boulders in road surveys, On a reserve in San
Diepo County, snakes were found in associa-
tion with rock outcrops 57% of the time and in
shrubby vegetated habitats without rocks 283
of the time (Brown et al. zaod}. There are sev-
eral accounts of C. ruber climbing in bushes
and trees up to 2 m off the ground (Klauber
195G and pers. comm. therein} and <, ruber has
also been observed swimiming in reservoirs
{Klauber 1956).

In one radio-tracking study from San Diegn
County, habitat use was nonrandom with
respect to available vegetation. Snakes preferred
gcrub vegetation less than 1.5 m tall and aveided
human development (Tracey 2000). For ani-

mals that were radio-tracked in fragmented
habitats, none were observed to cross a devel-
oped edpe or road over a z-year period. For
example, one adult male in a naturally vege-
tated fragment actively avoided a road edge, and
turning movements away from this edge were
detectable up to 50 m from the road (Tracey
et al. 200¢%).

Dugan et al, [zo08) radio-tracked adult
males at a site that lacked large rocks but had
cactus, coastal sage scrub, nonnative grassland,
riparian areas, and oak woodland habitats. The
preferred habitat was cactus patches of prickly
pear {(Opuntia sp.) followed by chaparral, and
none of the tracked snakes used oak woodland.
Several individuals spent most of their time
within a single cactus patch during the year
(Dugan et al. 2008).

Distribution {Past and Present)

Crotalus ruber has a small range in California,
occupying the southwestern corner of the state.
It occurs in southeastern Los Angeles and
Orange Counties, the Merongo area of south-
western San Bernardino County, western Riv-
erside County, San Diego County, and extreme
southwestern Imperial County {Klauber 1956).
Crotalus ruber occurs in areas with rainfall
ranging from 8 to Bo cmfyear, usually in areas
below 1200 m in elevation (Klauber 1956). The
geographic range of C. ruber extends out onto
the desert foor from the eastern slope of the
Peninsular Ranges (Klauber 1956). Quiside of
California its range extends south through Baja
California and several nearshore islands {Klau-
ber 1956).

Much of the range in California is in close
proximity to areas of high human density. [en-
nings and Hayes [1994a) estimated that C.
ruber was extirpated from rouphly 20% of his-
torical sites and attributed extirpations to habi.
tat loss from urbanization and agriculture,
Coastal populations are the most reduced, par-
ticularly in southern San Diego County (S.
Barry, pers. comm.). Case and Fisher {2001)
conducted pitfall trapping surveys in southern
California and did not capture or observe
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animals at several localities where Klauber
(1939 and unpublished data) had previously
noted them as common. Halama et al. {z008)
noted that many native habitat localities where
snakes were collected in the 19gos in western
Riverside County have now been developed.

Trends in Abundance

While population estimates are not available,
population declines are suspected due to habi-
tat loss and fragmentation. Current declines of
existing populations may be occurring particu-
larly in the Morongo Valley in the northern end
of the range due to development (3. Barry, pers.
comm.]. In one San Diego County site, mini-
mum density was estimated as 0.63 Crokalus
ruber per hectare, although the actual density
was likely higher (41 individuals observed hap-
hazardly in a G5 ha area over ~5 years; Brown
et al. 2008).

Nature and Degree of Threat

Crotalus ruber is mainly threatened by develop-
ment, which causes habitat loss and fragmenta-
tion, This species may also suffer from perse-
cution and road mortality. Climate change may
affect C. ruber through changes in fire repime
and vegetation shifts. However, both increases
and decreases in fire have been predicted, and
there is little consensus because of the diffi-
culty in modeling Santa Ana weather events in
southern California {Westerling et al. zoo4,
Westerling and Bryant 2008). How C. ruber
may respond to changes in fire regime is
unknown. Climate change is predicted to
decrease the availability of chaparral and shrub-
land by up to 44%, while grassiand is predicted
to increase by up to 300% in southern Califor-
nia {Lenihan et al. 2008, PRBO zo11}. Though
C. ruber has been decumented in grassy areas,
large losses in shrub habitat may negatively
affect this species.

Status Determingtian

Crotalus ruber has a small range in California
that includes areas of high human population
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density and development, resulting in a Prior-
ity 3 Species of Special Concern designation.

Management Recommendations

Remaining populations of Crotdlus ruber in
California often occur in habitats that are frag-
mented by roads and urban development. Exist-
ing large habitat fragments should be identified
and protected, For example, a proposed Habitat
Conservation Plan for western Riverside
County represents a 3.5-fold increase in the
amnount of snake habitat protected (Halama
et al. 2008). However, Halama et al. (2008}
estimated from habitat suitability models that
roughly 100,000 ha of predicted highly suita-
ble habitat in the area would still be unpro-
tected and at risk of development. It may be
passible to reduce road mortality with wildlife
tunnels and associated drifi fences installed
beneath high-traffic roads.

Monitoring, Reseorch, and Stirvey Needs

additional research into Crotalus ruber ecnlogy
and population dynamics in developed and
fragmented landzcapes would be useful for
developing management strategies, particularly
with repard to maintaining connectivity among
populations. Creating habitat buffers arcund
large remaining fragments and habitat corri-
dors between fragments may help populations
persist in these landscapes, but more research
on habitat use and corridor placement is needed.
Radiotelernetry data to date suggest high site
fidelity among adults, at least in some cpastal
populations within years. Juveniles may show
dillerent dispersal behavior and benefit more
from management strategies like habitat corri-
dors {Tracey 2000]. Current snake telemetry
techniques that rely on surgically implanted
transmilters have a lower gize limit {e.g., ani-
mals needed to be >500 g in one study; Brown
et al. 20a8), making it difficult to study move-
ment in small individuals. In these caseg, land-
scape genetic data could provide important data
to complemient more detailed telernetry studies.
The role of hibernacula in population viability



and movement patterng is also an important
research need, particulacly for juveniles.
Manitoring is needed to estimate abun-
dances in addition to ongeing work on
presence/absence to documment local extirpa-
tions. Pitfall trapping has been used to success-

fully document presence and absence of this
species in southern California (e.g., Case and
Fisher zoa1}, and pitfall arrays that specifically
cotpare habitats with different levels of human
disturbanre would previde valuable monitaring
information.
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Taxenomic Reletionships

Twelve subspecies of D. punctatus have tradi-
tionally been recognized, largely on the basis of
morphology (Ernst and Ernst 2003}. Diadophis
punctatys regalis is one of seven subspecies that
occur in California (Ernst and Ernst 2o03).
Recent molecular work has called this tradi-
tional view of the subspecies into question
{Feldman and Spicer 20006, Fontanella et al,
2008}, and a taxonoric revigion is likely in the
neat future. Feldman and Spicer {20006} sam-
pled mitochondrial DNA from 39 animals
throughout the range of I, punctatus in Califor-
nia. Diadophis punciaius regalis was recovered
as sister to a clade containing all other Califor-
nia samples, although only twoe D. p. regalis
individuais were included in the analysis {one
from California and one from Arizona), Fonta-
nefla et al. (z008) canducted a more compre-
hensive phylogeographic analysis of D. puncta-
tus, sampling across the known range of the
species in the United States. The previously rec-
ognized seven subspecies in California were
found to fall into four lineages, with D. p, regalis
as a part of a Great Basin clade. Fontanella et al.
{2008} concluded that species-level diversity is
currently underestimated, warranting a full
taxonomic review requiring further sampling
(particulatly threughout Mexico) and the addi-
tion of nuclear markers.

Life History
Very little natural history information is available
for Diadophis punclalus regalis, especially for Cali-
fornia populations. Being such a widespread spe-
cies, lile history characteristics vary greatly across
the species’ range. It is reasonable to presume
that D. p. regalis are ecologically distinct from
other California D. punciaius populations based
on their much larger size and unique restriction
to desert spring habitats. Unless stated explicitly,
life history information here is from ather sub-
species of D. punctatus and caution should be
used in generalizing to D. p. regafis.

Diadophis punciatus is most active in the
spring and early fall, and is primarily nocturnal
(Ernst and Ernst 2003). Males aggregate for
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mating in the spring and fall {Noble and
Clausen 1936, Dundee and Miller 1963).
Fernales are thought to reproduce annually and
may produce more than one clutch per vear
{(Ernst and Ernst z003). Oviposition occurs
from May to September but is concentrated in
June and [uly, and hatching occurs from July to
September {Ernst and Ernst 2003}, Clutches
from multiple females may be laid topether in
communal nest sites (Blanchard 1942, Gilhen
1970}. Diadophis punciatus eggs are 16—44 mm
long {mean 25 mm, h = 108) and haichlings are
7.6 18.8 cm TL {mean 12.4 cm, # =120; Ernst
and Ernst 2003). Diadophis punctetus regalls
epps and hatchlings are likely at the larger end
of the spectrum. A field-collected Go cm SVL
female D, p. regalis from Arizona cantained
three large epps {mean length 44 mm, mean
width 113 mm) that haiched after 5z days of
incubation {Vitt 1975). The neonates were
16.9 18.8 cm long [mean 18 cm}. Gehlbach
{1965) reported one female D. p. regalis carry-
ing 18 egps. Estimates for size at maturity for
D, punctaius range from 17.8 to 18 cm {(Wright
and Wright 1957, Myers 1965), but given that
hatchling D. p. regalis can be this large, they
likely mature at a larger size. Development
times to maturity it D. punclatus can take 13
years depending on locality (Fitch 1975, Degen-
hardt et al. 1996).

Diadophis punctatus can often be found in
aggregations under cover objects (Ernst and
Ernst 2003]), and some populations make
spring and fall migrations to and from hiber-
nacula. Diadophis punctatus regalis from the
Rocky Mountains in Utah at 1580 m elevation
showed cornrnunal denning and repeated use
of the same hibernacula in multiple years
{Parker and Brown 1g74). It is unknown
whether California populations of D. p. regalis
alsa show this behavior. Field-active body tem-
peratures across several populatiens of D. punc-
tatus range from 2.0°C to 34.4°C {Clarke 1958,
Brattstrom 1965, Fitch 1975, Mitchell 1994}

Dindophis punctatus regalis is a mildly ven-
omous rear-fanged colubrid smake, using
entarged posterior teeth to deliver venom to



prey such as snakes and lizards {Gehlbach
1974, Anton 1994, Hill and Mackessy zoo00,
O'Donnell et al. 2zo007}. In addition to subduing
prey, copious salivation has been observed as a
defensive responge in D. p. regalis {Blanchard
1942). While D. punctatus is a generalized
predator, southwestern populations, including
D. p. regalis, have a diet composed of propor-
tionately more reptiles {Gehlbach 1974} than
other populations, which tend to consume a
greater fraction of amphibians and earthworms
{Ernst and Ernst 2003).

Habitat Requiremants

In California, Diadophis punctalus regelis
appears to be restricted to riparian areas sur-
rounding desert springs. Snakes have been
found in Death Valley in layo County in heavy
riparian vegetation within 5 m of surface water
(Emmerich and Cunningham zoo3) and at
Pachalka Spring, Clark Mountain, San Bet-
nardino County, near the spriug head {Wood
and Richmond 2c003). Outside of California, D.
p. regalis have been found in evergreen wood-
land, deciduous woodland, desert grassland,
oak-juniper, and succulent dezert habitats such
as sotol-agave and juniper-agave {Gehlbach

1974).

Distribution (Past and Present)

In California, the documented range of Diado-
phis punctatus regalis is extremely small. bt is
kriown from only a few isolated populations in
the Clark, Grapevine, Mute, and Providence
Mountains in the Mojave Desert. However,
there is a strong possibility that undetected
populations exist, particularly at additional
springs in the mountain ranges where this
taxon eccurs. Outside of California, the suhspe-
cies occurs in parts of [daho, Ulah, Nevada,
Arizona, New Mexico, Texas, and Mexico {Ernst
and Ernst 2003} The Great Basin lineage
defined by Fontanella et al. {ac0o8) ranges from
sauthern New Mexico north to southern Idaho
and between roughly the Sierra Nevada Moun-
tains in the west and the Guadalupe Mountains
in the east. Much of the Grear Basin clade is

restricted to patches of suitable mesic environ-
ments sarrounded by less hospitable xexic habi-
tats {Fontanella et al. 2008).

Trends in Abundance

No population estimates are available for Cali-
fornia populations. Declines may have occurred
near Fort Piute in the Mute Mountain Range
(R. Fisher, pers. comm.).

Nature and Degree of Threat

The smazll and patchy distribution of Diadophis
punctatus regalisin California makes it ai risk of
extirpation. Its dependence on rare desert
spring habitats is an additional risk factor, par-
ticularly because these spring habitats are
threatened by overexploitation of groundwater
resources. Because of their reliance on mesic
habitats in an arid matrix, D. p. regalis may also
be sensitive to climale changes thal aflect the
timing and amount of precipitation. While
there is a larpe degree of uncertainty iu how
rainfall patterns will change within its range,
most studies predict decreases in mean annual
rainfall of up to 40% (reviewed in PRBO aon).
in addition to decreases in mean annual rain-
fall, the numbher of extremely hot days where
temperatures exceed the long-term gsth per-
centile is expected to increase by roughly 10
days a year (Bell et al. zoo4). If conditions
become warmer and drier, this could negatively
impact . p. regalis habitat.

Status Determination

Diadophis punctaius regalis has an extremely
small range in California and is dependent
upon a rare habitat type that is sensitive to
human use of groundwater in the desect. How-
ever, extirpations have not been well docu-
mented, and we have virtually no information
about the number or status of popula-
tions cccurring in California. Because of this,
we choose not to define a priority at this time.

Manapement Recammendations

Protecting desert springs and associated mesic
habitat patches is 2 key requirement for the
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continued existence of this species. Minimiz-
ing use of water from desert spring sites will
help maintain habitat for Diadephis punctatus
regalis. [t is difficult to make {urther manage-
ment recommendations given the lack of infor-
mation ch this taxon's ecology in California or
similar habitats.

Monitoring, Research, and Survey Needs

Given the inhospitable nature of habhitat
between occupied patches, long-distance dis-
persal events probably do net occur, and it is
unlikely that populations in Califernia are
demographically connected. The extremnely iso-
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lated nature of most of their desert habitat and
their relatively short surface activity period also
make increased surveys an immportant priority
for this taxon. Increased genetic sampling
wnuld help determine patterns of connectivity
between fragmented gouthwestern popula-
tions, and we strongly encourage all field su:-
veys 1o take nonlethal tissue samples of any
specimens that are encounteted. Given that no
population srudy has been conducted within
California and the unique habitat requirements
of the taxon, additional work quantifying the
basic ecology and life history of Diadaphis punc-
tatus regalis is badly needed.









Taxormemic Relationships

Brattstrom and Warren {1953} described Mast-
icophis flagelium ruddocki ag a subspecies baged
on morphological characters including dorsal
coloration, the lack of dark neckbands, and a
relatively low number of subcaudal scales.
Analysis of mitochondrial DNA from Califor-
nia populations supported the uniqueness of
M. f ruddocki, corroborating the morphological
data {Mitrovich zoof).

Life History

Very litile is known about the tife history of
Masticophis flagelium ruddocki, In peneral, M.
flageilum is an extremely active diurnal snake
that prefers warm temperatures {Brattstrom
1965, Hammersen 1977). Home ranges are sus-
pected to be large, but no movement data are
available for this subspecies (R. Hansen, pets.
comm. in Jennings and Hayes 1994a). Prefer-
ence for warm temperatures results in late-
season emergence [April-May), and daily su:r-
face activity corresponds to the warmest paris of
the day (Hammerson 1g77}. Data from red
coachwhips (M. f piceus) in the Mojave Desert
found body temperatures as low as 13.9°C when
inactive in burrows to a high of 40.8°C while
actively moving [Secor 1905). Mating is thought
to take place in May, with oviposition occurring
in June or July {Jennings and Hayes 1994a).
Adults may cease surface activity and retreat to
rnammal burrows as early as Aupust (pers. obs,
in Jennings and Hayes 19042).

Like other members of the M. flegelium
complex, the diet of M. f ruddocki is presuma-
bly peneralized on vertebrates, including large
prey like antelope squirrels {Arumospermophilus
nedsoni), blunt-nosed leopard lizards {Gambelia
sila), and whiptzils (Aspidoscelis tipris) {Monta-
nucei 196y, Tollestrup 19%g; S. Barry. pers.
comm.; R, Hansen, pers. comm.; 5. Sweet,
pets. cornm, in Jennings and Hayes 1994a).

Hobitat Requirements

Masticophis flagellum ruddocki occurs in open,
dry areas with little or no tree cover (Morafka
and Banta 1976G). Valley grassland and saltbush

scrub habitats are used in the western San
Joaquin Valley (Montanucci 1965, Banta and
tMorafka 1968, Tollestrup 1979, Sullivan 1g8r;
pers. obs, in Jennings and Hayes 1gosa).
Spring road cruising surveys from rgy2 to 1979
in eastern Alameda and western San Joaquin
Counties found M, f ruddacki in grassland and
trangitional habitat but not in mixed oak
chaparral waodland (Sullivan r981). Mastice-
phis flagellum ruddacki will climb into bushes,
apparently to scan for predalors and prey or to
seek cover {Cunningham 1955, Stebbins 2003).
Mammal burrows are used for overwintering
and possibly also for aviposition {Jennings and

Harves 1994a}.

Distribution (Past and Present)

Masticophis flagelium ruddocki is endemic to
California, with a small range extending from
Arbuckle, Colusa County, in the Sacramento
Valley south to the Kern County portion of the
San Joaquin Valley and west into the inner
South Coast Ranges (Brattstrom and Warren
1953, Jennings and Hayes 1994a). A disjunct
population occurs in the Sutter Buites (Hayes
and Clifl 1982).

Much of this subspecies” historic range has
undergone dramatic land use changes from
grassland to intensive agriculture in the Cen.-
tral Valley. Masticophis flagelium ruddocki is
thought tn be sensitive to disturbance and does
not persist in cultivated areas (Ernst and Ernst
zo03; S. Barry, pers. comm.). [t has therefore
suffered a severe range contraction in its Cen-
tral Valley range.

Trends in Abundance

Though neither historical nor current abun-
dance estimates are available, we suspect that
the conversion of historical habitat to row crop
agriculture and urban development has
resulted in Jower abundances than in preagri-
cultural times.

MNature and Degree of Threat

Habitat loss and fragmentation due to agricul-
ture and urbanization are the major threars to
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Masticophis fiagellum ruddocki, As with other
diurnally active, highly mobile snakes, road
mortality is probably a significant source of
mortality, although its overall impact requires
more study. The greatest potential threats from
climate change are due to changes in fire
regime. In the more coastal parts of the range,
the area burned is expected lo increase by up to
50% (Fried et al. 2004, Lenihan et al. 2008),
and the probability of large (»200 ha) fires is
predicted to increase (Westerling and Bryant
2008). Modest decreases in the probability of
large wildfires are expected in the San Joaquin
Valley. How M. [ ruddocki may respond to
increased fire needs more study. Fire may have
direct mortality effects on snakes and negative
effects on prey populations but may also benefit
M. f ruddocki by increasing or maintaining the
availability of cpen habitat. Under climate
chanpe projections, grassland halbitat is
expected to increase by up to 140% in the
coastal part of the range, with little charnge in
vegetation expected in the Central Valley {Leni-
han et al. 2zaa8, PRBEO zo11). These vegetation
shifts may result in additional potential habitat
tor M. f ruddacki,
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Stotus Determination

Masticophis flagellum ruddocki is a California
endemic with a small range and is restricted to
a heavily disturbed part of the state, resulting
in a Priority 2 designation,

Management Recommendations

The lack of basic ecological information on this
suhspecies needs to be addressed before any
meaningful management can be accornplished.
At 2 minimum, remaining larpe habitat frap-
ments and connectivity among fragments must
be protected if the species is to persist.

Monitoring, Research, and Survey Needs

Although additional work on all aspects of its
ecology, demography, and population genetic
differentiation would be useful, infarmation on
reproductive biology, movement ecology, popu-
lation sizes, and frapmentation is key priority
for future work. Some large habitat fragments
are currently protected from some kinds of
human disturbance (e.p., the Carrizo Plain
Mational Monument) and provide suitable areas
to begin studying basic ecology and habitat
requirements in this taxon.









other species, and by color. Masticophis flagel-
lum piceus is reddish to pinkish above, with
dark bands at the neck. California whipsnakes
(M. lateralis) have a conspicuous light stripe on
either side. Racers (Coluber constrictor] are pale
green or dark above (brown, olive, or bluish) but
have unmarked white to yellow ventral surfaces
{Stebbins z003).

Taxonomic Refationships

We follow Grismet's (2002) proposal that Mas-
teophis Juliginesus is a full species, tather than
a subspecies of M. flagellum, This arrangement
is based on a lack of intergradation with neigh-
boring M. f piceus {Wilson 1971, Grismer
1994}. Analysis of a single mitochondrial DNA
gene from 229 M. flagellum individuals (includ-
ing 3o M. fuliginosus) from 30 localities in
southern California supported the penetic dis-
tinctiveness of M. fuliginesus (Mitrovich 2006).
However, 4 out of 30 snakes identified in the
feld as M. fuliginosus had mitochondrial DNA
sequences that were most clogely related to M. [
piceus {Mitrovich 2006). This could be due to
hybridization or incorrect identification in the
Beld, as the study was conducted on tissues
without voucher specimens. Fyrther resolution
of this problem with multiple nuclear DNA
markers would likely help to clarify the taxo-
nomic status of this species.

Life History

Very little is known about the life history of
Masticophis fuliginosus in California. In gen-
eral, Masticophis are extremely active diurnal
snakes that prefer warm temperatures
{Brattstrom 965, Hammerson 1977). [n south-
ern Baja California, M. fuliginosus can be active
year-round, but in the northern part of the
ranpe, they tend 10 be inactive in winter and
emerge in mid-March {Grismer 2001). Activity
in San Diepo was observed to be greatest in
spring and summer and greatly reduced in the
fall {Mitrovich et al. 20009, Mating has been
observed in northern Baja California in late
April, and hatchlings have bern seen in early
Auvgust (Grismer 2002},

Radiotelemetry of 24 snakes in two reserves
in San Diego County found large variation in
home ranpe size, from roughly 11 to 130 ha
{Mitrovich et al. 2009). Variation in home
range size was largely due to habitat availability,
with smaller home ranges in gmaller habitat
feagments, Mo differences in potential prey
were detected among sites where snakes had
different home range sizes. The diet of M. fldig-
inosus, like its close relative M. flagellum, is
broad and includes a variety of vertebrate prey
such as lizards, snakes, binds, and mammals
(Cliff 1954, Grismer 2o02).

Habitat Requirements

Muosticophis fuliginosus is a habitat generalist
throughout Baja California, Mexico, and is
common in marshlands, coastal sand dunes,
racky arroyos and hillsides, thorn forests, sandy
flats, and scrub vegetation {Linsdale 1g32, CIiff
1954, Leviton and Banta 1964, Bostic 1971,
Welsh 1988, Grismer 2002). In California, M.
Suligingsus occurs mainly in coastal sand dunes,
shrubland, and grassland, and is most com-
monly observed foraging in bushes and shrubs
{Linsdale 1932, Bostic 1971, Welsh 1988, Gris-
met 2002}. Hallow stumps of plants such as
agave and yucca are used as retreats {Dostic
1971, Grismer 2002).

Distribution (Past and Present)

Masticophis fuliginosus has a very small geo-
graphic range in California, occurring in a
small area of San Diego County near the United
States—Mexice border (Wilsan rg73). The
range of the species extends over most of the
Baja Californiz peninsula, including some
small offshore islands {Wilson 1973, Grismer
2002).

A resurvey of Klauber's (1939) sites in
southern California found that M. fuligingsus
was absant from some previously occupied sites
(Fisher and Case 2000, Case and Fisher 2001,
R. Fisher, pers. comm,), suggesting that the
species has declined in the last seven decades.
Hawever, the full extent of local extirpations is
unknown.
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Trends in Abundance

While data on abundance across the range are
not available, some reductions in abundance
are likely to have occurred due o development,
road mortality, and fragmentation. This species
may be particularly prone to death from auto-
maobiles given its large home range size and
high level of diurnal activity {Mitrovich et al
200y).

Nature and Degree of Threat

Masticophis fuliginosus in California are mainly
threatened by habitat loss, fragmentation, and
road mortality due to develapment, as well as
the inherent demographic threats associated
with a very small geographic range. Climate
change may affect M. fulipinosus threugh
changes in fire regime and vepetation shifts.
However, both increases and decreases in fire
have been predicied, and there is little consen-
sus because of the difficulty in modeling Santa
Ana weather events in southern California
{Westerling et al. 2004, Westetling and Bryant
2008). How M. fuliginosus may respond to
changes in fire regime is unknown. Climate
change is predicted to decrease the availability
of chaparral and shruldand by up 10 44%, while
grassland is predicted to increase by up o
3go% in southern California {Lenihan et al.
2008, PRBC 2011). Though M. fuliginous also
uses grassland habitat, large losses in shrub
habitat may negatively affect this species.
Finally, development along the border may
effectively isolate the population that occurs in
California, making it more susceptible to
decline than it atherwise would be.
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Status Determination

Masticophis fuliginosus has an extremely small
range in California that cccurs entirely in an
area with substantial urban, military, and agri-
cultural development. However, the exient of
extirpation and population decline is poorly
documented, resulting in a Priority 3 Species of
Sperial Concern designation.

Management Recommendations

Protection of remaining habitat in San Diego
County is necessary to prevent further declines
ot extirpations. Minimizing urban edge effects
by creating habitat buffers may benefit popula-
tions, particularly those living in small habitat
fragments (Mitrovich et al. 2009). Given the
very small range of the species, it may be pos-
sible to reduce road mortality with wildlife tun-
nels and associated drift fenees instalied
beneath high-traffic roads in key areas impor-
tant for population connectivity,

Monitoring, Reseorch, and Survey Needs

Drift fence arrays with funnel traps have heen
successfully used to document the presence/
absence of Masticophis fuligirosus in California
{Fisher and Case 2000), and mark-recapture
data to eslablish population sizes are esgential
for future management. Additional genetic
data would complement existing milochondrial
DA data and radiotelemetry research, respec
tively. Specifically, such data are needed to fur-
ther resolve the taxonomic status of this snake
and to provide information on landscape-level
pepulation structure. The efficacy of road-
crossing structures should be investigated for
this species.









of its range, 5. h. virgultea is parapatric with the
Mojave patch-nosed snake {S. h. mojavensis)
and the desert patch-noszed snake {5. h. hexa-
lepis), and it intergrades with both {Bogert
1945). [n 5. k. mojavensis, the supralabials usu-
ally do not reach the eye, and the dark lateral
coloration is sometimes less pronounced and
may be somewhat discontinuous. Salvadere
hexalepis hexalepis usually has one supralabial
reaching the eye but has a wider dorsal stripe
{usually three scale rows wide) than 8. h. vir-
gultea. The spotted leaf-nosed snake (Phylie-
rhynchus decurtatus) occurs along the eastern
edge of 3. h. virguwltea's range and also has an
enlarged rostral scale. This species differs in
having a light-brown spotted pattern on the
dorsal surface and attaining much smaller
adult sizes (to 51 ¢ TL) {Stebbins zo03).

Taxonomic Refationships

Salmdera hexalepis virgultea was frst recog-
nized primarily on the basis of coloration,
although some scalation charackers also differ-
entiate it from other subspecies of the 3. hexa-
lepis complex {Bogert 1935, Bogert 1ggs).
Genetic analysis of differentiation among the
subspecies has not been undertaken and repre-
sents a clear need for future research. The
placernent of Salvadere within the coluhrine
phylogeny is alse uncertain and requires
clarification.

Life History

Salvadorz hexalepis virgultea is a medium-sized,
active, diurnal snake, yet remains exceedingly
poorly known. Here, we use information from
California populations where we can, but
largely rely on information from parts of the
range outside of California as well as from
other species and subspecies within Salvadora
and assume that many aspects of the life his-
tory are similar amonp members of the com-
plex, This subspecies is most active in May and
June, and its norma!l seasonal activity period
appears to extend from March until Octeber, [n
Ventura County, warm {and presumably active)
individuals have been found under stcnes

between [anuary and March (8. Sweet, pers.
comn.}. [ndividuals found in December and
[anuary in gopher burrows and woodrat nests
were cold and presumably doermant (5. Sweet.,
pers. comm.). Specimens have been docu-
mented in the literature in ali months except
January and February {Klauber 1939, Grismer
2003), and more recent {1995-2011) USGS pit-
fall trap data have documented captures in
January (three records) and Februwary {one
record; C. Rochester, unpublished data). Breed-
ing has been observed in late April, with hatch-
lings appearing between mid-July and October
{Klauber 1931, Grismer 2002), perhaps indicat-
ing that multiple cluiches may be laid in a sin-
gle year. Other members of the genus are ovipa-
rous, and we expect that 5. b, virgultes is as
well, although eggs have never been described
{Wright and Wright 1957}.

Salvadora primarily eats lizards and proba-
bly specializes on whiptails (Aspidoscelis spp.)
{Cunningham 1959b, Grismer 2002, Lemm
2000). The diet of 5. h. virguliee has not been
described, but other mernbers of the complex
feed nearly exclusively on members of the
genus Aspidoscelis, with other small lizards
being taken only when they are moving rapidly,
as Aspidoscelis tends to do {Bogert 1939). Sev-
eral members of the complex are also known to
feed on other small lizards, mammals, and
snakes [Stebbins 2003). The enlargad rostral
scale may be an aid for digging and possibly a
specialization for feeding on lizard epgs {Gris-
mer 2002, Lemm 20400}, although this behay-
ior has never been described in 5. h. virguliea.
Salvadora species have enlarged rear teeth, sug-
gesting that they may envenomate prey. The
saliva of Salvadorz has nat been studied, though
Grismer (2002} observed an A. tigris that died
soon after being bitten by a Baja California
palch-nosed snake (3. h. klauberi),

The mavement ecology of 5. h, virgultea is
unknown. Like other members of the genus, il
is a fast and active species that is probably active
at higher temperatures than most other diurnal
calubrids [Jacobson and Whitford 1971). The
species readily climbs and has been found
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foraging in brush, off the ground (Grinnell and
Grinnell 1907, Lemm 2006; S, Sweet, pers.
comm.). The species probably ranges widely, as
do other large diurnal colubrids.

Habitat Requirements

Salvadora hexalepis virgulten shows an apparent
preference for brushy chaparral habitat (Bogert
1935, Grismer 2o02). Klauber {1939} located 35
specimeus in “Heavy brush, Chaparral” habitat,
which was more than the number found in all
other habitat types combined. In Baja Califor-
nia, they are also often seen in riparian areas in
the vicinity of Tecate {Grismer 2002). In Cali-
fornia unpublished data suggest that this spe-
cies has a preference for chamise and red shank
and often basks at or near the tops of bushes (5.
Sweet, pers. comm.). Schoenherr {1976) noted
that this taxon was widespread but uncommon
on the Pacific slope of the San Gabriel Moun-
tains and that it may prefer coastal sage scrub to
chaparral, at least in this area. He recorded a
sighting at 830 m elevation, the highest site for
coastal sage scrub habitat in the San Gabriels.
At two burn sites in southern California, brush
was reduced, Aspidoscelis numbers increased,
and . h. virgultea numbers remained stable or
increased {C. Rochester, pers. comm.}, suggest-
ing that prey abundauce may be at least as
important as vegetation per se. If the species is
a wide-ranging predator, it may be susceptible
to habitat fragmentation. Because a large com-
ponent of its diet probably consists of Aspidos-
celis species, 5. h. virgidiea may be susceptible to
decline in areas where Aspidascelis are declin-
ing. Thetwo species found within its range, the
orange-throated whiptail (A. hyperythra) and
the coastal whiptail (Aspidascelis tigris stejreg-
eri), are both under threat. Aspidoscelis hyper-
ythra is 2 Walch List species, while A. ¢ stgjneg-
eri is a Priority 3 Species of Special Concern
(see accounts, this volume),

Distribution (Past and Present)

The historical distribution ranges from Ven-
tura and Los Angeles Counties south to the
United States—Mexico border and south to the
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vicinity of El Rosario, Baja California, Mexico.
It ranges from sea level along the coast up to
2130 m ([ennings and Hayes 1994a, Lemm
20006). The eastern edge of the range extends
o the vicinity of Campo, San Diego County;
Banning, Riverside County; and San Ber-
nardino, San Bernardino County (Bogert tgis).

Today, the species is declining or absent
from large areas of the Los Angeles basin and
along the coast to San Diego (Jennings and
Hayves 1994a; R. Fisher, pers. comm.). Survey
data are available from Torrey Pines State Park
where this species was formerly present. It has
nat been re-documented there despite intensive
trapping efforts {Wells 19g8).

Trends in Aburdance

Ne historical or current abundance data exist
for this taxen, and anecdotal reports are rare
and inconclusive, Records in southern Califor-
nia are infrequent {Lemm 2000], although this
taxon may be more commeonly encountered in
riparian areas south of the United States—
Mexico border (Grismer 2002). The species
may have historically been rare in California.
Klauber {1924} reported only two specimens
despite intensive collecting efforls spanning
2 years and stated that “it seems to be uncom-
mon.” Bogert (1930) also noted that it was
“‘uncommen in the chaparral.” USGS pitfall
data for San Diego, Orange, and Log Angeles
Counties collected between 1995 and 2011 indi-
cate that 2.6%6 of snake captures were Salvadorz
hexalepis virgultea {123 captures out of 4680
total snake captures), compared to 3.8%
(61/1601) of captures for daytime road driving
records for snakes recorded by Klauber (rgig).
These data confirm that this taxzon is relatively
uncommon and may supgest a moderate
decline over the last Go years.

Nature and Degree of Threat

The declines in Salvadora hexalepis virpultea are
most likely due to the conversion of the pre-
ferred brushy habitat to other vepetation types,
Development of rangeland, combined with
increasingly frequent and intense wildfires, has



converted large blocks of chaparral habitat to
grassland (R. Fisher, pers. cemm.), which
appears to be unsuitable for this species {Jen-
nings and Hayes 1994a; S. Sweet, pers, comm. ).
Climate change may exacerbate the intensity of
wildfires in southern California {Cayan et al.
2008b}, althoupgh current models range from a
29% decrease to a 28% increase in wildfires in
the region (PRBO ao11). However, climate
models for 2070 project an estimated 38-44%
decrease in the chaparralfcoastal scrub habitat
preferred by this species. Ongoing urbaniza-
tion in the populated areas within this taxon’s
range is also destroying, degrading, and frag-
menting large areas of remaining habitat. Sal-
vadora hexalepis virgultes’s probable preferred
prey, Aspidoscelis lizards, are also in decline,
which could cause cascading declines it snake
populations. Finally, diurnally active widely for-
aping snakes are particularly affected by road
tnoriality, and the volume of vehicular traffic in
much of its range is large and increasing,

Status Determination

Salvadora hexalepis virgultea has a relatively
small range in California and has disappeared
from significant areas centered in the southern
portion of its range where it was formerly
known. 1t continues to lose habitat, which is
also causing declines in a significant compo-
nent of its prey-base. Habitat logs, due to direct
anthropogenic changes, climate-change-driven
habitat loss, and wild fire, is unlikely to stop in
the near future, which we expect will cause fur-
ther declines. For all of these reasons, a Priority
2 designation is justified,

Muanagement Recommendations

The primary management goal for Salvadore
hexalepis virguliea should be to protect large,
intact patches of brushy chaparral andjor
coastal sage scrub habitat that support this
snake. 1deally, these patches should be those
that are least likely to be directly affected by
future climate chanpge. Pending further study
of the species’ movement ecology, habitat pro-
tection efforts should focus on remaining latge

blocks of intact habitat. Habitat fragmentation
from roads is a key issue in these efforts, Read
OVEICrossings, if installed for other taxa, may
function as a means to aveid habitat fragmenta-
tion. A key element of effective management is
to maintain large, healthy populations of Aspi-
doscelis hyperythra and Aspidascelis tigris stejneg-
eri, since they appear to form the primary prey
base of this snake. As declines in those species
are also linked to habitat loss, thanagement
efforts amonp these species should be
coordinated.

Maonitoring, Research, and Survey Needs

Much remains to be learned about the life his-
tory and ecology of Salvadora hexalepis virgultea
in California. Surveys employing pitfall traps,
snake traps, and daylime surveys should be
undertaken to establish baseline abundance
data in remaining populations, and to ascertain
whether these or other survey methods are
potentially biased for this species, as has been
sugpested by some biologists, Because these
snakes are infrequently encountered, power
analyses are particularly important to deter-
mine how sensitive the surveys would be in
detecting declines.

Autecological research focusing specifically
on diet requirements, habitat utilization, and
their interaction are badly needed, and the lack
of this basic knowledge undermines our ability
to effectively manage this snake. Specifically,
the extent to which this 1axon specializes on
Aspidoscelis, as opposed to utilizing alternative
prey, ueeds to be determined. Basic data on
home range size and movement patierns, and
how they may vary as a function of vegetation,
are entirely lacking, and same anecdotal obser-
valions suppest that they may vary across the
species’ range. These data are necessary to
determine what habitat blocks are mosi impor-
tant and how large they should be to effectively
conserve this 1axon.

Vatiation within the 5. hexelepis complex
has not been examined since the initial species
description, and a penetic analysis has never
beent undectaken. A three-pronged genetic
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analysis is critical. First, a systematic charac
terization of the Salvedora species complex
should be undertaken utilizing multiple inde-
pendent nuclear markers. This will serve to
clarify the reality of species and subspecies as
valid evolutionary units and conhrm their
respective boundaries and raznge limits. Sec-
ond, a phylogeographic study, using many inde-
pendent markers, within 5. h. virgultea is
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needed to identify large-scale management
units within the taxon. Finally, landscape
genetic studies that identify migration corridors
between fragmented blocks of habitat will
inform our understanding of movement ecol-
ogy in this species. These would also provide an
estimate of effective population sizes, augment-
ing ecological studies of census population
sizes in protected and unprotected areas.









has one or two rows of small, alternately spaced
dark spots on each side of the dorsum between
the lateral stripes {Fitch 1940, Fox 1951, Larson
1984, Stebbins 2003). The striped/non-spotted
morph either lacks dark spots on the dorsum or
only has very small ones next to the lateral
stripes on the anterior part of the boady {Larson
1984, Stebbins 2003). Other color variants
include nen-striped/spotted, with no lateral
stripes and one or two rows of dark spots on
each side, sometimes appearing checkered, and
non-striped/non-spotted {Brown 1n80, Larsan
1984, Stebbing 2003). A melanistic morph,
sotmetimes with obscure lateral stripes andjor
spots, occurs along the outer coast from Oceano
to San Simeon State Park in San Luis Obispo
County, and can be expected from Gaviota State
Beach in Santa Barbara County to Monterey
Bay (Bellemnin and Stewart 1977, Larson 1984,
Stebbins 2003). All color morphs exhibit vary-
ing degrees of light Aecking dorsally due to
whitish pigment on the inter-scale skin and
margins of scales {Larson 1984). Dark green
and dull red color morphs occur in northeast-
ern Ventura County (Stebbins 2003).

The lack of a vertebral stripe and absence of
red coloration on the head and sides distin-
guishes T. hemmandii frorn the co-occurring
aquatic garter snake (T airatus), the western
terrestrial garter snake (T, elegans), and the
common garter snake [T sirtalis),

Taxenomic Relationships

Like several other garter snakes, Thamnophis
hammondii has a complex taxonomic history.
This species has at various times been consid-
ered a subspecies of the Sierra garter snake (T.
cauchii) {e.g., Cooper 1870, Rossman 1979,
Lawscn and Dessauer 1979), the northwestern
garter snake {T. ordiroides) {e.g., Grinnell and
Camp 1917}, and the western terrestrial garter
snake (T. elegans) (e.g., Fitch 1948). Rossman
and Stewart (1987) most recently elevated T.
hammendii to full species status. McGuire and
Grismet (1993) synonymized the Baja Califor-
nia Sur garter snake [T digueti) with T.
hantmondii.

Life Histary

In California, Thamnophis kemmondii can be
active for much of the year and has been found
from January through November (R. Hansen
and R. Tremper, unpublished data in Rossman
etal. 1996). Ervin and Fisher (2001) reported T.
hammondii foraging and basking at a site in San
Diego County from early February to October.
Rathbun et al. (1003} conducted surveys in San
Simeon State Park and nearby Pico Creek in
San Luis Qbispo County and found that large
snakes (>30 ¢m) were most often observed in
the summer, peaking in May and June, while
smaller animals were seen from late August
through early November. Surface activity
appears to be stronply affected by the availabil-
ity of surface water (E. Ervin and R. Fisher,
unpublished data). Southern populaticns
receive less rainfall and experience greater vari-
ation in rainfall, likely resulting in shorter and
less predictable activity periods than northern
populations.

Mating has been observed in the feld in late
March (Cunningham 1959b), and females are
known to store sperm (Fox 1956, Stewart 1972).
Like all members of the genus, T. hammondil is
live-bearing, with litters produced from July to
late October (Ernst and Ernst 2003). Hansen
and Tremper {unpublished data in Rossman
et al. 1996) documented an averapge of 15.6 of[-
spring from 7 litters {range 3—306). Young were
born in late July and August and were zo.3-217
cm TL {R. Hansen and R, Tremper, unpub-
lished data in Rossman et al. 1996). Cunning-
ham (1a59b) found a 46.1 em SVL female that
contained & embryos. Another 4.9 cm SVL
female contained 19 eggs (Cunningham
1959b). Males matute at 373 cn SVL and
fernales at 38.2 cm {Wripht and Wripht 1957).

Cunningham (19G6) reported a mean body
temperature of 14 feld-active individuals of
22.6°C (range 18,6-31.8"°C). Five of these ani-
mals were swimming in water between 14°C
and 27°C {Cunningham 1966}, Inactive snakes
found under cover objects had body tempera-
tures ranging from 7.2°C to 23.6°C {Cunning-
ham 1966).
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One radiotelemetry study has collected data
on the movemnent ecology of this species at San
Simeon State Park (Rathbun et al. 19g3). Activ-
ity ranges of radio-tracked snakes were greater
and more distant from water in the winter than
in the summer. Average summer activity
ranges for seven adult females were 1498.9 +
1847.6 m* {mean = 5.d.}, although the duration
of the study was short (range 4—29 days), and
activity may have increased with more time.
Average winter activity ranges for two females
and one male were 33957 + 48035 m* (mean =
s.d.), with animals tracked for zg-57 days.
Averape daily distance to water was 7.2 m in
sumner, compared to 98.8 m in winter {Rath-
bun et al, 1993),

Thamnophis hammondii is a generalized
predator on a variety of prey including fish, fish
egps, frogs, salamanders, leeches, and earth-
worms (Van Denburgh 187, Klauber rogar,
Fitch 1940, Fitch 1941, Cunningham 195gb,
Bell and Haglund 1978, Rathbun et al. 1993,
Rodriguez-Rolles and Galina-Tessamo 2000).
This species will eat introduced prey, such as
sunfish, African clawed frags, and bullfrogs
{Ervin and Fisher 2001, Mullin et al. 2004,
Ervin and Fisher 2o007).

Habitat Requirements

Thamnophis hammondii is among the most
aguatic of the garter snakes and is often found
in or near permatient and intermittent freshwa-
ter streams, creeks, and pools (Grinnell and
Grinnell t9o7, Fitch 1940; R. Hansen and R.
Tremper, unpublished data in Rossman et al.
1990). Associated vegetation types include wil-
low, oak woodlands, cedar, coastal sage scrub,
sparse pine, scrub oak, and chaparral {R.
Hansen and R. Tremper, unpublished data, in
Rossman et al. 1990, Ecnst and Ernst zo03),
Thamuophis hammondii will also use artificial
aquatic habitats such as cattle ponds (Jennings
and Hayes 1994a, Ervin and Fisher zoo1, Ervin
and Fisher 2007,

Surveys in San Simeon State Park in San
Luis Obispo County from July to December
1992 resulted in 45 snake sightings: 33.3% on
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land, 53.3% on banks, and 6.7% in the water
{Rathbun et al. 1993). Almost all of the sight-
ings (44/45) were in or near pooled water
sources. Sixty percent of snakes were sighted in
low vepetation (e.g.. herbs and grasses), 28.9%
in tall vegetation {e.g., cattails), 11.1% in open
areag with no vegetatien, and zero in wooded
areas {e.g., willow; Rathbun et al. 1993).

Habitat and movement ecology may vary
seasonally, although this requires further
study. Thamnopkis hammondii have been
observed to concentrate their habitat use in ver-
nal pools in the spring and in remnant pools
formed from ephemeral creeks in the summer
(R. Fisher, pers. comm.). Nine radio-tracked
snakes in San Simeon State Park used streamn-
gide habitats more in the summer, while
chapatral and grassland upland sites were used
for overwintering {Rathbun et al. 1991}. Ninety-
five percent of diurnal locations of radio-tracked
animals were on land, wsually underground.
Animals were underground, presumably in
rodent burrows, in 87.9% of locations on land
(Rathbun et z]. 1941). Two of the animals had
home ranpes that overlapped Highway 1 (a
major highway with heavy traffic), suggesting
that potential road mortality may be a manage-
ment issue, Although it is generally considered
to be a very aquatic snake, these observations
suggest that terrestrial upland habitats and
rodent burrows can be important habitat com-
ponents for T. hammondii.

Distribution (Past and Present}

Thamnaphis hammondit occurs in California
from Salinas, Monmteray County, south along
the coast into Baja California, Mexico, occur-
ring in the South Coast, Peninsular, and Trans-
verse ranges ( Boundy 1990, Ely 1992, McGuire
and Grismer 1993). Isolated populations also
gccur in Baja California Sur and on Sanla Cata-
lina Island {Brown 1980, Stebbins 2003). While
T. hammondii occurs mostly west of the deserts
in California, there are populations in some
perennial desert slope streams in San Ber-
nardino, Riverside, and San Diepo Counties
(Perkins 1938, Fitch 1940, Boundy 19g0). The



elevational range is from sea level to 2450 m
{Atsatt 1913). Jennings and Hayes (19944} esti-
mated that T. hammondii has been extirpated
trom ~40% of its historic range in California
during the second half of the twentieth century.
This snake may be paichily distributed even
when abundant suitable habitat is available. For
example, snakes were readily observed at San
Simeon Creek, San Luis Obispo County, in
159z, but similar habitat about 5 kim away in
Pica Creek had very few snakes, even though
the latter experiences less human disturbance
{Rathbun et al. 1393).

Trends in Abundance

Declines in abundance appeat to be less severe
in the southern compared to the northern part
of the range, but few quantitative data are avail-
able to support thig interpretation (Jennings
and Hayes 1994a). Variation in abundance over
time at a particular site may be partially
explained by reduction in surface activity dur-
ing drought periods and net necessarily reflect
mortality and declines (E. Ervin and R, Fisher,
unpublished data). Themnophis hammondii
were rare in Carmel River fish traps in 2003~
2005 {5, Barry, unpublished data) and were
never encountered in extensive fieldwork in
and near the Hastinps Reservation in the upper
Carmel Yalley from 1992 to 1998 {B. Shaffer,
urpublished data). [ennings and Hayes {199 4a}
noted that T. hammondii was cammon only in
San Diege County, However, other populations
in the south may be robust, such as along the
Santa Clara River in Los Angeles County, along
Sespe Creek in Ventura County, and in the
Angeles, Los Padres, and San Bernardino
national forasts (S. Barry, pers. comm.}. The
Santa Catalina Island population was reported
as small {(~30 individuals) and isolated in the
19708 (Brown 1980) and is suspected to have
declined since {Jennings and Hayes 1994a).

Nature and Degree of Threat

Declines in the south are thought to be due to
urbanization, reservoir constructior, and Baod
control (Jennings and Hayes 1994a}. Further

north, declines are suspected to have been
caused by a combination of factors including
habitat modification by livestock, predation by
introduced vertebrales, loss of native prey, and
drought (Jennings and Hayes 1994a). How-
ever, negative inleractions with ngnnative spe-
cies have not been well documented, and in
some cases 1. hemmondii may benefit from
availability of introduced prey. Reliance on
aquatic habitat and prey may coniribute to
drought sensirivity in this species (Jennings
and Hayes 1904a; R. Fisher, pers. comm.).

Under climate chanpe, mean annual tem-
petratures are projected to increase throughout
the range of T. kammondii, with warmer win-
ters and summers and earlier spring warming
expected (reviewed in PRBO zow). There is less
certainty about future precipitation patlerns,
with estimates ranging from little change ta
roughbly 30% decreases in rainfall {Snyder and
Sloan 2a5, PRBO 2011). Snowpack reductions
of up to 9<% are predicted in the southern part
of the range (Snyder et al. 2z004). Warmer and
potentially drier conditions may affect availabil-
ity of intermittent and ephemeral water bodies
and therefore limit activity. in the more north-
ern part of the range, the probability of large
(>200 ha} fires is expected to increase (Wester-
ling and Bryant 2008} and the area burned is
expected to increase by up to 50% (Lenihan
et al. 2008), Both increases and decreases in
fire probability and extent have been predicted
for southern California under different climate
change scenarios. There is little consensus on
future fire dynamics in this part of the range
because of the difficulty in modeling Santa Ana
weather events [Westerling et al. 2004, Wester-
ling and Bryant z008}. How T. hammondii may
respond to fire needs to be studied. Fire may
have direct mortality effects and may alter
aquatic and Lerrestrial habitat quality. Predicted
vegetation shifts due to climate change include
decreases in chaparral, shrubland, and wood-
land, and increases in grassland area {Lenihan
et al. 2008, PRBO zo11). The impact af these
shifts on T. hammondii papulations will likely
be negative.
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Staiws Determination

Thamrophis hammendii has undergone declines
and extirpations and occurs in an area of high
human population density and development,
resulting in a Priority 2 Species of Special Con-
cern status,

Management Recammendations

Given this species’ association with aquatic
habitat and apparent willingness to use artifi-
cial habitats, restoration of aquatic habitat and
supplementation with artificial wetlands
should be explored as 2 management option in
extirpated sites. Eradication efforts aimed at
nonnative aquatic species should consider the
potential effect on 7. hammondii populations,
particularly if native prey is not abundant (Mul-
lin et al. zoo4}. Rathbun et al. {1593) decu-
mented the use of upland terrestrial habitat by
T. hommondii, and the potential importance of
rodent burrows for overwintering. In order 1o
maintain access to these habitats, they sup-
gested protecting terrestrial habitats within
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500 m of aquatic habitats, although additional
study across habitat types is needed.

Monitoring, Research, and Survey Needs

Surveys to determine the abundance and distri-
bution of remaining populations are needed and
they should be conducted by individuals that ae
well trained to distinguish among Thamnophis
species. Additional data nn movermnent ecology
and habiltat requirements are also necessary to
facilitate the design of protected areas around
known aquatic habitats and to inform possible
restaration efforts, The degree to which T. ham-
mondii is dependent upon introduced prey
should be assessed, and the quality of those
introduced prey compared to native prey should
be evaluated. [t may be necessary to manage for
both T. hammondii and native prey populations
simultaneously for effective recovery, Finally,
landscape genetic data on the degree of differen-
Hation at the regional and watershed levels would
be valuable both for the identification of manage-
ment unils and for possible repatriation efforts.









potentially co-occurs with the coast parter
snake (Thamnophis elegans terrestris) and the
two-striped garter snake (T. hammondii} (Steb-
bins 2003},

Taxenomic Relationships

Some sources consider coastal garter snake
populations from southern California to be
California red-sided garter snakes {Thamnophis
sirtalis infernalis) (e.g., Barry and fennings 1998,
Steblbins zao3) and others refer to them as red-
spotted garter snakes (T. 5. concinnus) [e.g.
Boundy and Rossman 1665, Janzen etal. zoo2).
Jenninps and Hayes (19942) based their evalua-
tion of the pulative taxan, the South Coast garter
snake, on personal communications with J.
Boundy and S. Sweet. Morphological and
genetic studies that will help to clarify the status
of this taxon are siill pending. One study is a
comparison of color and morphological varia-
tion among T. sivealis from the south coast, cen-
tral coast, and central valley of California (E.
Ervin, pers. comm.; C. Mahrdt, pers. comm. ). A
phylogeographic study by Janzen et al. {z002)
lpoked at T. sirtalis populations along the west
coast of the United States but excluded popula-
tions from southern California. Another study
sequencing two populations of southern T. sirta-
lis is underway for comparison with Janzen
et al.’s (2002) study {R. Fisher, pems. cornm.).

Life History
While the species Thamnropkis sirtalis is one of
the most well-studied North American snakes
{Rossman et al. 1996}, very little is known
about populations from southern coastal Cali-
fornia. Given that T sirtelis iz extremely wide-
spread, occurring throughout much of Canada
and in all but one state in the continental
United States, life history vatiation among
populations is pronounced {reviewed in Ross-
man et al. 199, Ernst and Ernst zo03}. We
therefore limil our discugsion to very general T.
sirtalis biology and documented information
from California where possible,

Like all members of the genus Thamnophis,
young are live-born from midsummer to early

fall. Cunningham {t959b} reported that an 39
cm SVL female T. sirtelis from Tapia Park, Log
Angeles County, gave birth in late August to zo
young (1& live) that were about 25 cm in TL.
Another 59 cm SYL female from the same area
was carrying 12 embryos {(Cunningham
1g959b). A single female from farther north in
San Benito County gave birth ta six young, also
in late August (Banta and Morafka 1968). Else-
where, average litter sizes ranpge from 7.6 in
British Columbia {Gregory and Larsen 19493) Lo
32.5 in Marvland {McCauley 1945). Neonates
range in size from 15 cm SVL (Manitoba; Gre-
gory 19777, Gregory and Larsen 1993, Larsen et
al. 19¢3) to 20 cm SYL {Lassen County, Califor-
nia; Jayne and Bennett 1990}, Females mature
at S¥YL of 43-57 cm, and males mature at 3G-38
cm S¥L, although this trait is highly variable
across populations {Rossman et zl. 1996). Time
to maturity can take up to 4 years in some pop-
ulations {e.g., Lasgen County; Jayne and Ben-
nett rggo). The proportion of females that are
reproductively active in a given year ranges
from 29% to B8% across populations (summa-
rized in Rossman et al. 1996), suggesting that
not every female breeds every year.

Thamnophls sirtelis can be active year-tound
in some southern localities {e.g., the Florida
Everglades; Dalrymple et al. 1901}, Rithling
{1915) anecdotally reported that T. sirtalis was
rarely encounlered around Los Angeles in the
winter. Hansen and Tremper {unpublished
data in Rossman et at, 1996) note that lowland
California T. sirialis are active from February to
October, but there is a post-August drop in
activity associated with a seasonal reduction in
aquatic habitat. Most activity is diurnal,
although crepuscular and nocturnal activity
has been observed when anurans, 2 primary
prey item, are breeding (Ernst and Exrnst 2003).
Nocturnal activity has also been observed in
lowland California, with T, sirtalis active at
night during warm rains {R. Hansen and R.
Tremper, unpublished data in Rossman et al.
1996},

Thamnophis sirtalis are generalized preda-
tors (reviewed in Rossman et al. 1996}
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However, diet data are not available from the
southern range of 7. sirtalis in California. Data
from northern populations show that anurans
are a large part of the diet. Anurans were the
most common prey observed eaten lyy Califor-
nia T. sirtalis, comprising 58% of prey items (n
- 48 snakes, localities include Siskiyou and
Humbolht Counties; Fitch 1941}, Also con-
surmned were earthworms [24% of prey iterns),
and rarer prey (5% or less of prey items) such as
fish, leeches, and slugs (Fitch 1941). In north-
ern California at Eagle Lake (Lassen County,
1555 myj, regurgitation of 36 adults revealed that
13% of individuals contained anurans {mostly
western toads, Bufo boreas), and 9o% nof prey
iterns were anurans {Kephart and Arnold
1982). Fish (6% of animals, 2% of prey items)
and leeches {11% of animals and 8% of prey
itemns) were taken less frequently {Kephart and
Arnold 1982). In the northern Sierta Nevada
near Truckee, Mevada County, anurans com-
prised 56% of prey volume [mostly Pacific tree
frops, Pseudacris regilla), while 33% of prey vol-
ume was fish. Rarer prey items (5% or less of
total prey volume) included mice and leeches
(# = 88 snakes; White and Kolb 1974). Juvenile
Thamnaphis sirtalis in California have also been
observed to consume newly metamorphosed
newts {Taricha torosa) (S, Barry, unpublished
data}.

Habitat Requirements

Thamnophis sirtalis in southern California is
thought to be restricted to marsh and upland
habitats near permanent water and riparian
vegetation {Grinnell and Grinnell 1go7, Fitch
1941, Von Bloeker 19.42; §. Sweet, pers. comm.,
in Jennings and Hayes 1994a). Data are scarce,
but habitat preferences may be quite narrow.
Some observational data suggest that this taxon
may avoid restored marshlands, although the
reasons for this are not clear (R. Fisher, pezs.
cotmm.}).

Distribution (Past ond Present)

Thamnophis sirtalis was historically known from
scattered localities along the sauthern coastal
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plain fram the Santa Clara River Valley in Ven-
tura County to around San Pasqual in San
Diego County {Klauber 192¢, Jennings and
Hayes 1994a; 5. Sweet, pets. comm. in Jennings
and Hayes 19g94a; E. Ervin and C. Mahrdt,
unpublished data). The historical elevation
range is thought to be from near sea level at Bal-
lona Creek and Playa del Ray Marsh in Los
Angeles Coynty to ~832 m at Lake Henshaw in
San Diego County {Von Bloeker 1942; R. Fisher,
pers. comm. in Jennings and Hayes 19g9g4a),
Jennings and Hayes (1994a) estimated that 75%
{18724} of historic localities no longet supported
populations due to anthropogenic and natural
habitat loss (e.g., urbanization, Aooding). Of the
six extant localities identified by Jennings and
Hayes {1994a). it is now suspected that popula-
tions remain in only three localities, with possi-
ble extirpations including Camp Pendleton and
San Luis Rey (R. Fisher, pers. comm.).

Trends in Abundance

Historical accounts sugpest that Thamnophis
sirtalis was once quite common {Grinnell and
Grinnell 1907, Bogert 1930, Von Bloeker 1942,
Current populations are thought to be abun-
dant at Lake Henshaw in San Diego County,
rare along the Santa Clara River, and virtually
extirpated elsewhere (5. Barry, pers. comm., R.
Fisher, pers. comm.).

Nature and Degree of Threat

Extirpations and population declines in this
taxon have been attributed to habitat loss and
fragmentation due to urbanization, agriculfure,
and food control projects, as well as natural
events such as floods and droughts (De Lisle
et al. 1986, Jennings and Hayes 1994a). At
remaining sites, urbanization in Riverside
County continues to impact the Santa Margar-
ita River wetlands at Camp TPendleton, and
increased dam height in the Prado Basin may
have a negative Heeding impact {R. Fisher,
pers. cemm.). Intreduced aquatic predators and
water snakes (genus Neredia) may also nega-
tively impact Thamnophis sirtalis {Jennings and
Hayes 1994a; R. Fisher, pers. comm.].



Under climate change, mean annual tem-
peratures are projected to increase throughout
the southern California range of T. sirtalis, with
warmer winters and sumrmers and earlier
spring warming expected {reviewed in PRBO
2o011). There is less certainty about future pre-
cipitation patterns, with estimates ranpging
from little change to roughly 30% decreases in
rainfall {(Snyder and Sloan 2005, PRBO 2011).
Snowpack reductions of up o 9o% are pre-
dicted in southern California (Snyder et al
2004). Warmer and potentially drier condi-
tions may affect availability of intermittent and
ephemeral water bodies and thetefore limit
activity. Increases and decreases in fire proba-
bility and extent have been predicted for south-
ern California. There is little consensus on
future Are dynamics because of the difficulty in
modeling Santa Ana weather events {Wester-
ling et al. 2004, Westerling and Bryant 2008).
How T sirtalis responds to fire is unknown.
Fire may have direct mortality effects, and may
alter aquatic and terrestrial habitat quality. Pre-
dicted vegetation shifts due 1o climate change
include decreases in chaparral and shrubland
and increases in prassland area (Lenihan et al.
2008, PRBO zo011). The potential impact of
such vegetation shifts on T. sirtalis populations
is unknown.

Status Determination

Thamnophis sirtalis in southern California has a
very small range in a heavily human-impacted
part of the state. [n addition, these populations
have been extirpated from most of their histori-

cal range, which justifies a Priority 1 Species of
Special Concern designation.

Muanagerment Recommendations

Given the paucity of ecelogical information an
southern populations, it is difficult to make
managemeni recommendations beyond the
protection of existing habitat at this time.
Future management strategies may include
remoaval of invasive animals and plants, restara-
tion of Aow regimes, and repatriation of extir-
pated sites. The research needs outlined below
will help to inform the eventual development of
a manapernent strategy for this taxon.

Monitoring, Research, and Survey Needs

Almnst no ecological or life history information
is available for this taxon, and this data gap
needs to be addressed at the few remaining sites
in southern California where Thamrophis sirta-
lis persists. Menitoring to determine population
abundance and to verify extirpation is needed
across sites, As remaining habitat is identifed
and extant populations are found and stabilized,
human-mediated repatriation, perhaps in com-
bination with captive breeding, may be the most
effective strategy to repopulate extirpated sites,
Studies on movement and dispersal are needed
to determine connectivity among remaining
populations, and genetic studies on both the dif-
ferentiation of this taxon from other T. sirtalis
populations and the level of among-population
variability are needed. Finally, the importance
and impacts of nonnative species as predators
and prey should be investigated further.
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Stotus Summary

Emys marmorata is a Priority 1 Species of Spe-
cial Concern in the southern part of the range
(roughly corresponding to the range of the
southwestern pond tuttle, E. m. pallida) and a
Priority 3 Species of Special Concern elsewhere
{roughly corresponding to the ranpe of the
northwestern pond turtle, E. m. marmorata; see
below for additional detail). These two popula-
tions received a Total Score/Totzl Possible of
B1% (Bojf110) and 5% (71f110), respectively,
During the previous evaluation, both popula-
tions were considered Species of Special Con-
cern, also with different overall levels of threat
{fennings and Hayes 19g94a).

ldentification

Emys marmorzta is a small to medium-sized
{generally r7—18 cm, rarely to 24 cm, straight
carapace length) brown, tan, or olive turtle
(Stebbins 2003). The carapace is low, keelless,
and often marked with a pattern of dark lines
and/or dots, sometimes forming a pattern that
radiates from the centers of each scute. The
posterior edge of the carapace forms a smooth,
non-serrated rim. In some individuals, the car-
apace has no patterning. The plastran ig lighter
tan or beige, hingeless, and often marked with

Northern Western Pond Turdle: Risk Factors

dark blotches {5tebbins 2003}, The shell shape
varies among habitat types, with turtles from
foothill streams being flatter and narrower
than individuals occurring at lower elevations
in canals and sloughs (Lubcke and Wilson
2007).

This species is unlikely to be confused with
other turtles within its range with the possible
exception of melanistic individuals of the non-
native red-cared slider [Trachemps scripta ele-
gans). This latter species has a much shorter
tail, attains larger overall body sizes, and has a
serrated rim around the posterior edge of the
carapace, Most individualg of this species also
have prominent yellow stripes on the neck and
.shell and a broad red stripe over the temnporal
region of the head, although older individuals
often develop an overall dark melauistic
coloraticn.

Taxonomic Relationships

Emys marmorzia is 2 member of the family
Emydidae, which encornpasses the majority of
North American turtle species. The relation-
ships within this group have undergone exten-
sive revision in recent years, leading to many
taxonomic changes and some instability. For-
metly, this species was included in the genus

Sauthern Western Pond Turtle: Risk Faciors

Ranoking Criteria {Maximum Score) Score
i. Range size {10) 5
ii. Distribution trend {25} 15
iil. Population concentration/ 10

migration {10)

iv. Endemism (10) 7
v. Ecological tolerance {10) 0
vi, Population trend (25) 20
vii. Yulrerability to climate change 10y 7
viii. Projected impacts (10 7

Total S5core 71
Total Possible 110
Total Score/ Total Possible (.65

Ranking Criteria (Maxizoum Score) Score
i. Range size (10) 5
ii. Distribution trend (25) 25
iti. Population concentration/ 10

migration {10}

iv. Endermism {10) 7
v. Ecalogical tolerance {104 0
vi, Population trend (25) 25
vii. Vulnerability to climate change (100 7
viii. Projected impacts (10) 10
Total Score 89
Total Possible 110

Total Score/Total Possible  0.81
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Clemmys along with the bog turtle [now Glypte-
wys muhlenbergii), the wood turtle (now G.
insculpta), and the spotted turtle (now C. gut-
tata). Recent molecular analyses have sup-
gested a close relationship between E. mar-
morata, Blanding's turtle (Emys |=Emydoidea]
blandingii], and the European pond turtles {£.
orbicularis and E. trinacris) (Bickham et al.
1996, Burke et al. 1996, Feldman and Parham
2002, Spinks and Shafler 200g, Spinks et al.
zoa9). This species is now generally placed in
either the monotypic genus Actinemys (Hol-
man and Fritz 2001) or the genus Emys (the
arrangement that we follow hete).

[ntraspecific variation within E. marmorata
is also undergoing intensive study. Two subspe-
cies have traditionally been recopnized, E. m.
marmorats {Baird and Girard 1852} and E. m,
pellida (Seeliger 1945). These subspecies were
initially distinguished by the presence or
absence of inguinal scutes in the shell and col-
oration of the throat and neck. Subsequent
studies also detected substantial mor phological
variation present across the range {Holland
1992a). Genetic analyses of intraspecific varia-
tion sugpest that substantial variation is
present, which is generally, but not precisely,
concordant with the traditionally defined sub-
species (Spinks and Shaffer 2005, Spinks et al.
2a710). Spinks et al. (3014) analyzed a large
patiel of SMPs and concluded that E. m. sensu
lato should be divided into twe species. Because
this arranperment is very recent, here we follow
the earlier arrangement {of a single species)
bt consider threats separately for southern aud
northern populations as was done by [ennings

and Hayes (19544).

Life History

Eys marmorata is a highly aquatic species and
basks frequently. [n the northern part of the
ranpe (particularly at higher elevations), this
species enters a period of dormancy through-
out much of the winter, It is one of relatively
few emydid turtles that regularly overwinter on
land (Ultsch zo00b), perhaps as a mechanism to
avoid mortality from increased winter water

flows in the Mediterranean climate. Where it
overwinters terrestrially, the species uses a
variety of habitat types but chooses sites above
the normal high water mark and burrows into
loose soils and leaf litter (Reese 1996). In
aquatic habitats that experience little change in
water level {lakes, ponds, and reservoirs), pond
turtles are known to overwinter in the water
and will choose undercut banks, bottam mud,
“snags” of downed wood, or rocks (Nussbaum
et al. 1983, Ernst and Lovich 2009). Movernent
ta overwinbering sites occurs at the end of sum-
mer, most often in September, although the
timing varies with the particular habitat and
area {Reese 1996, Reese and Welsh 1997). In
warmer areas, particularly in the southern part
of the range, this species may remain active
yeat-round.

Western pond turtles are known to mate
throughout the spring, summer, and fall. Nest-
ing usually occurs in the spring or early sum-
mer, although double clutching has been
reported from several paris of the range (Good-
man 1957, Germano and Bury 2001, Germano
and Rathbun 2008, Scott et al. 2008). Females
usually select nest sites within 100 m of a water
body, although nests as far away as 5o m have
occasionally been reported {Storer 1930, Hol-
land 1994, Reese 1996, Holle 1998, Lovich and
Meyer 200a). Cluich sizes vary from 1 to 13
egps and vary depending on local conditions
{Holland 1994, Lavich and Meyer zo02, Ger-
mano and Rathbun 2008). The eggs hatch in
the fall and, at least in the northern part of the
range, haichlings often remain in the nest
through the first winter, emerging the follow-
ing spring {Holland 1994).

The diet is generalized and consists of a
variety of small aquatic invertebrates (includ-
ing insects, crustaceans, and mollusks) and a
wide variety of algae and other plant material
(Bury 158G). Carrion and small vertebrates are
also occasionally consumed {Bury 1980).
Growth rates vary widely depending on local
conditions but appear to be highest in hatch-
lings and then gradually slow in adults. Repro-
ductive maturity is widely variable and appears
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1o be linked te size. Females generally mature
at slightly over 1y e 5CL as young as 4—5 yeats
of age, while males mature at about 125 cm
SCL at 6-8 vears of age (Holland 1994, Reese
1996, Germano and Bury 2001, Germano and
Rathhun 2008, Germano and Bury 2o009; T.
Engstrom, pers. comm.), although maturation
can happen more quickly depending on local
conditions in some areas {e.g., Germano 2010).

Habkitat Requiremeris

Emys marmorata is generalized in its habitat
tequirements, occurring in a broad range of
aquatic water bodies including Aowing rivers
and streams, permanent lakes, ponds, reser-
voirs, settling ponds, marshes, and other wet-
lands. This species will also temporarily use
semipermanent or ephemeral water bodies,
including stock ponds, vernal pools, and sea-
sonal wetlands (5tebbins 2001, Bury and Ger-
mano 2008). This species will also at least
occasionally enter sea water {Stebbins 1954,
Holland 1985). Pond turtles require upland
habitat that is suitable for nesting and overwin-
fering use. Localized soil conditions, as well as
the frequency and depree of disturbance in the
upland habitat, prahably limit their distribu-
tion. Soils need to be loose enough to allow nest
excavation, while disturbance needs to be infre-
quent enough or of sufficiently low intensity
that nests are not disturbed {Ernst and Lovich
2009]).

This species is most frequently found in
quiet reaches that experience littie human
impact and have abundant basking substrate in
the form of downed wood and large racks {Bury
and Germano 2008, Thomson et al. 2010). The
species ¢an persist, at least over moderate peri-
ods of time, in highly modified habitats with
high human traffic and/or little basking sub-
strate {Spinks et al. 2001, Germana 2o10).

Distribution {Past and Present)

Emys marmorata ranges widely along the
Pacific coast from western Washington to the
northern part of the Baja California Peninsula
in Mexico. Within California, the species
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ranges from the Pacific coast inland to the
Sierra Nevada foothills up to elevations of
2048 m (Ernst and Lovich zoog). Further
south, it ranges from the coast inland to the
peninsular ranges. Scattered populations exist
in the Mojave River (e.p., Victorville, Camnp
Cady, and Afton Canyon, San Bernardino
County, California) and in some Great Basin
drainages including the Susan River {Lassen
County, California), and the Truckee and Car-
son Rivers {Nevada, possibly extending into
Nevada County, California, although this has
not been dorumented) {Holland 199ab, Lovich
and Meyer 2002). Additional scattered popula-
tions are known from the Klarmath Basin (R.
Bury, pers. comm.). Some or all of these popu-
lations could represent introductions. One hun-
dred and eighty individuals of this species were
introduced in the state of Nevada in 18&p, and
these may be the source of the population in
the Truckee and/or Carson Rivers (Cary 188qg).

Within E. marmorata, the southern subspe-
cies (E. m. pallide) extends from the southern
range edge in Baja California, Mexico, north-
ward in the Coast Range to 5an Francisco Bay,
while the northern subspecies {(E. m. mar
morata) extends from San Francisco Bay north
through the Sacramento Valley and Coast
Range to the northern range limit in Washing-
ton. A large intergrade zone between the two
subspecies has been hypothesized to exist in
the San Joaquin Valley (Seeliper 1945),
although recent work has shown that this area
is genetically a member of the northern sab-
species {Spinks et al. 2o14). The populations
that we recognize corregpond to these subspe-
cies distributions.

i the north, large and relatively intact pop-
ulations stilt exist through large areas of the
Coast Range and Sierra foothilis, aithough
agriculture and habitat modification have
destroyed large areas of riparian and wetland
habitat in the Sacramenta valley that almost
certainly supported larpe populations of this
species in the past. Scattered populations
yemain throughout the Sacramento Valley, but
the extensive marsh habitat that dominated



much of the valley floor has been largely
drained and converted to agriculture. Kelly
et al. {2z005) estimated that the extent of wet-
land habitat in the Central Yalley has declined
by ~fc% since the 1860s when large-scale land
convergion bepan, and this undoubtedly elimi-
nated many E. marmorata populaticns. Holland
{1992b) arpued that the 5an Joaquin River
drainage formerly represented the stronghold
of this species, supporting vast numbers of
individuals, and that the species has been lost
from >9g% of its range in the region. Overall,
the number of viable populations in this area
has clearly decreased, but some do remain
{Holland 19g2a, [ennings and Hayes 1904a,
Germano 2012, Buryet al. 2013).

[n the south, extensive urbanization and
land conversion have caused precipitous popu-
lation declines. A large fraction of remaining
habitat in southern California exists as patches
surrounded by large tracts of unsuitable habitat
that have little suitable upland nesting habitat.
Dispersal corridors between adjacent habitats
have also been mostly severed by intervening
utban development and heavily used roadways,
resulting in heavy mortality on females search-
ing out nest sites {R. Fisher, pers. comm.].

Trends in Abundance

Emys marmorata was formerly abundant
throughout much of California. Bogert {1930}
reported that E. marmorata was “common in
larger streams along the coast and in many of
the marshes adjacent to the coast,” and many of
these habitats still support relatively large pop-
ulations (Jennings and Hayes 1gg4a. Germano
and Rathbun 2008, Thomson et al. 2010). Else-
where declines have cccurred, particularly in
southern GCalifernia, Van Denburgh {1g2z2)
reported that the species was “abundant on the
west fork of the San Gabricl River,” but recent
reports suggest that the species has declined
precipitously in this area and in the Los Ange-
les Basin in general (Brattstrom 1988, Jennings
and Hayes 1994a). Large, relatively intact popu-
lations remain through much of the northern
Coast Ranges, alihough areas in the Central

Valley and southern California that still sup-
puort the species have severely declined {Hol-
land r9gab, [ennings and Hayes 1994a}. Popu-
lations that remain in the Central Valley are
undoultedly smaller and mare fragrmented
than they once were due to the large-scale land
conversion that occurred in this area beginning
in the 18608, Further, £, marmoraia were har-
vested commercially for many years, selling for
3~0 dollars per dozen in San Francisco markets
during the 19205 and 19305 (Pope 1939, Nuss-
baum etal. 1983). The overall exlent of declines
in abundance caused by market collection is
poorly understood. However, localized declines
due to market collection were noted as early as
1879 in Sacramento [Lockington 187g), and the
species' life history would make it particularly
suzceptible to declines from inlenze adult
mortality.

Some published and engoing surveys sug-
gest that population sizes are stable in several
remaining populations in the southern part of
the range. In particular, southern populations
near Gorman, Fresno, and along the central
coast of Califorria appear to be stable in abun-
dance with a population structure that indi-
cates continued breeding (Germano 2010; D.
Germane, pers. comm.j. Unpublished feld
data also indicate that the species persists in
some numbers throughout Merced (partico-
larly east of Gustine} and Fresno Counties, as
well as some areas of Kern County (5. Darry,
pers. comm.). At leagt in some areas, ongoing
declines in abundance may have slowed or
stopped. If additional data corroborate these
observations, a decrease in the population trend
scores may be warranted during the next Spe-
cies of Special Concern evaluation,

Nuature and Degree of Threat
The largest threats currently {facing Emys mar-
morata are land use changes and fragmentation
of existing habitat, as well ag possible impacts
via competition and predation by introduced
species.

Throughout the range of E. marmorata,
extensive wetland habitats that once supported
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large numbers of this species have declined in
extent and quality. Onpoing land use conver-
sion to agriculture as well as urban develop-
ment have degraded and fragmented habitat
throughout ¥irtually all of this taxon’s range.
These eflects are most pronounced in southern
California. where relatively few viable popula-
tions of this species now remain. Even in north-
ern Czlifornia, land use changes are having
impacts. Reese and Welsh [1998) documented
changes in the age structutre of E. marmaorata
populations as a result of damming in the Trin-
ity River drainage, suppesting negative impacts
on juvenile turtles and therefore recruitment in
populations affected by dams.

The impact of introduced species is Jargely
unknown but could patentially be detrimental
in several ways. The red-eared slider is widely
established throughout the tange of E. mar
morate and may serve as a disease vector and
competitor (Bury 2008a). The spiny soflghell
turtle (Apalone spinifera) is a more recent intro-
duction to the Central Valley of California and
is now breeding in at least one site in the Sacra-
menta Valley (L. Patterson, pers. comm.}. [f
this species becomes invasive on a larger scale,
it is also likely to compete with and possibly
prey on small E, marmorata, In Southern Cali-
fornia, the range of these two species appears
not to overlap, suggesting that softshells may
have streng impacts on pond turtles (R. Fisher,
pers. comm.), Additional introduced species
that may aflect E. marmorata are bullfrops,
crayfish, and introduced centrarchids, En the
Salinas River, E. marmorata declined following
the invasion of bullfrogs in the 1970s (B.
Huhbs, pers. comm.}. The strength and mech-
anism (predation or competition) of their
impact is not currently clear, and further stud-
ies are needed. Ravens, crows, raccoons, and
opossums are all known predators of £, mar-
marata adulis and nests. The population sizes
of these human commensal species have
increased through time and may also e having
impacts on E, marmorata populations via
increased predation pressure. A very important
source of this decline may operate through nest
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predation that leads to reduced or failed recruit-
ment year to year (5. Sweel, pers. comm.).

The impacts of climate change on E. mar-
maorata are still poorly understood byt are likely
to be significant. Climate simulation models
project strong changes to river hydrology in
California. [n particular, decreasing snowpacks
and a shilt to earlier and stronger river flows
{and increased frequency and strength of scour-
ing flonds) are likely to negatively atlect habitat
and rould cause local extirpations (Cayan et al.
2008b}. Because the habitat is now fragmented,
recolonization of these areas following localized
extirpations is uniikely, particularly in southern
California where the habitat is the most frag-
mented. [mportantly, the genetic data indicate
that most of the genetic diversity within this
species resides in southern California. Because
of this, declines in this area could result in the
extirpation of much of the genetic diversity that
is currently present {Spinks et al. 2010, Spinks
et al. 2o14; R. Fisher, unpublished dataj).

Status Determination

Priority 1 Species of Special Concern status is
justified for Emys marmorats in the southern
portion of the range because these populations
are experiencing ongoing and strong declines
in distribution and ahundance [although, as
noted above, some evidence indicates these
declines may be slowing in some areas). Fur-
ther, this area contains most of the gernetic
diversity that has been identified within this
taxon, so entire genetic lineages are at risk. n
the north, populations are experiencing
declines, although to date they are less severe
than in the southern portinn of the range.
Many of the remaining populations in the
north occur in habitats that are unlikely to
experience land use chanpes on a scale that will
threaten long-term survival, so we consider this
segment of the range a Priority 3 Species of
Special Concern.

Muanagement Recommendations

Our recommendations follow those of Bury
et al. (zo12). We outline these recommenda-



tions below and refer readers to that document
for additional discussion, Protecting habitat
from further degradation and frapmentation is
the highest priority for this species. Following
this, habitat restoration, particularly that which
increases connectivity between currently iso-
lated habitats and increases the extent of set-
back or buffer habitat around wetlands that is
suitable for nesting, is an imporlant manage-
ment priority. Efforts te reduce or control the
impact of predators (especially on nests) are
also an important way to maintain current
populations and increase recruitment of juve-
niles. Formal headstarting programs may be 2
useful tool for repopulating areas where local
extirpations have cccurred but only as a last
resort and if the habitat can be restored 1o an
extent that a population can survive with little
intervention. One encouraging observation is
that Emys marmorate can live in close proximity
to human disturbance, provided that they have
adequate suitable basking and nesting sites,

Monitoring, Research, and Survey Needs

Further research on the impact of invasive spe-
cies is needed. In particular, the imnpact of red-
eared sliders, bultfrogs, and rentrarchids needs
to be further characterized, to understand both
to what extent these species can coexist and the
effects these species have on the native popula-
tions. Both nest and hatchling habitat require-
ments are relatively poorly characterized, and
need to be clarified if the species is to persist
and thrive in human-modified habitats. The
effectiveness of headstarting efforts needs to be
evaluated in various habitats and predation sit-
uations. Because a large amount of life history
variation is present in this taxen {particularly
relating to time to maturity, body size, and
clutch gize; e.g.. Germano 2010}, researchers
and managers should be cautious when apply-
ing life history data collected in one population
to a different population, particularly those
occurring at widely different elevations, water
temperatures, or habitat types.
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difficult to distinguish, and some of these have
been sporadically intraduced around the state.
The maost common introduced kinosternid is
likely the common musk {or stiukpot) turile
(Sternotherus odoraius). This species has two
hroken light stripes on each gide of the head and
has anly 2 single, anterior hinge on the plas-
tron. Other species in the genus Kinosternen
have also been introduced (K. flavescens in pat-
ticular; 5. Sweet, pers. comm.) but are not com-
mon and will often require expert identification
(Spinks et al. 2003, Spinks et al., pers. obs).
Sze Stebbins (zao3) for additional details.

Taxonomic Relationships

Two subspecies have been described, one of
which historically occurred in California. The
Sonora mud turtle (Kingsternor sonoriense song-
riense) includes California as well as the major-
ity of the species’ range in the sputhwestern
United States and northern Mexico. The
Sonoyta mud turtle (K. s. longifemorales) is
restricted to the Rio Sonoyta drainape in Mex-
ico and southern Arizona (Iverson 1976).
Intraspecific, including subspecific, variation
has not yet been investigated genetically,

Life History

The life history of this species has not been
studied in California. Life history studies in
Arizona and New Mexico sugpest that there is
some interpopulation variation in basic life his-
tory parameters of this species. We base our life
history description on work conducted prima-
rily in Arizona and New Mexico but recognize
that these data should be regarded as tentative
for California populations.

Kinosternon sonariense is active throughout
the year as long as water is present, though in
warmer months it may become active primarily
at night (Hulse 1974, Hulse 198z). Hibernation
is known to occur in high-elevation popula-
tions in New Mexico (Degenhardt et al. 19969,
although it is unlikely that this occurs in Cali-
fornia populations, which were exclusively low
glevation. Kinosternon sonorichse aestivates ter-
restrially in response to seasonal drying in sev-
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eral populations {Ligon and Stone zoo3, Hall
and Steid] 2007, Hensley et al. zoto} but else-
where may be more closely tied to permanent
water (Ligon and Peterson zooz). In Arizona,
fernales come into reproductive condition aflter
a minimum of 5 years or with a carapace length
between 115 and 125 mm, after which they pro-
duce one to four clutches per year although this
varies depending on location (Van Loben Sels
etal. 1997, Ernst and Lovich 2009, Lovich etal.
2012). Females become gravid between April
and September, although most frequently in
June and July (Lovich et al. zarz). The develop-
ing embryos apparently require a period of
cooling before development restatts in the
spring (Hulse 1982, Ewert 1991, Ernst and
Lovich 2009). In Arizona, hatching may be
agsociated with the summer monsoon in late
summer (van Loben Sels et al. 1997).

Kinpsternon sonprignse can attain high local
population densities, One population in Hidalge
County, New Mexico, contained z1z turtles
{Store zoo1}. Another population in Yavapai
County, Arizona, reached 750 individualgfha of
aquatic habitat {Hulse 1982). Individuals are
known to undertake long terrestrial movements
(»1 ki) when water becomes limiting (Stone
2001, Hall and Steidl 2007), and Stone (2001}
found that 26% of recaptured individuals had
moved overland between aquatic capiure sites.
In the Santa Catalina Mountains (Pima County,
Arizona), where the aquatic habitat consists of
small and discrete pools, the presence of two or
more adult turtles of the same sex within single
pools was rare, suggesting that the species may
e lerririal where resources are limiting (Hall
and Steidl 2007).

Kinosternon sonoriense is primarily carnivo-
rous, feeding on a variety of invertebrates. It is
known to shift to omnivary in suboptimal habi-
tat {Hulse 1974) and to feed on or scavenge
small vertebrates (Stone et al. aoos, Lovich
et al. zo10).

Habitat Requirements

Habitat requirements for Kinosternon sonoriense
in California are unknown but are likely tied to



the presence of a reliable water source and a
guitable prey base. Elsewhere in its range, it
inhabits a wide variety of both permanent and
lemporary aquatic habitats including streams,
creeks, stock ponds, and natural ponds {van
Loben Sels et al. 1997, Ernst and Lovich 2009,
Stanila 2009, Hensley et al. 2010, Stone et al.
zo11). In California, it was known to enter arki-
ficial water bodies, although the long-term suit-
ability of this habitat is unknown, QOptimal
habitat appears to be slow-moving, permanent
water with a high density of aguatic inverte-
brates and a2 muddy bottom {(Jennings and
Hayes 1994a).

Distribution (Past and Present)

Historically, this species occurred in California
along the Lower Colorado River drainage (Van
Denburgh and Slevin 1913, Grinnell and Camp
1917, Dill 1944). La Rivers (1942] reported the
northernmost vecord for the species in the
Colorado River drainage from Clark County,
Nevada, Cooper {1870) mentioned a specimen
from an unspecified locality in the Colorado
River Valley, cellected while he was stationed at
Fart Mohave, Arizona. Several more individu-
als were collected from the vicinity of Yuma,
Arizona, and Palo Verde, California, in the
early r9oos {Van Denburgh and Slevin 1913,
Van Denburgh 1922). A 1942 record (SDNHM
17807) extended the western range in Califor-
nia to within ~2c km of Calexico, suggesting
that this taxon was present in ditches and
canals in the Imperial Valley for at least some
period of time. Klauber (1934) indicates that it
was not “yet” present in the Imperial Valley,
though by 1942 it cleatly was. The overall extent
and fiming of its expansion into the imperial
Valley is essentially unknown. In the Lower
Colorado River Yatley, the species was present
at least until 1941 near Bard, [mperial County
(SDNHM 33866).

The last published record of Kinostermon
sonorignse in the Lower Colorade River drain-
age occurred on the Arizona side of the river
~1.6 km southwest of Lapuna Dam on 31 March
1962 {Funk 1974, Lovich and Beaman 20q8).

Turtle trapping surveys were conducted in
April of 1991 throughout much of the historic
California range and failed to detect the species
(King and Robbins 1991). The presence of
“smak black turtles along the Coachella Canal”
was rumored in the 19gos, but these reports
were never verified and could have been misi-
dentified Trachemys scripta or Apalone spinifera
(1. Lovich, pers. comm.).

Qutside of California, K. sonoriense ranges
through much of southern Arizona, into the
snuthwestern corner nf New Mexico and south
into northern Sonora and Chihuahua, Mexico,
from sea level to 2040 m (Stebbins 2003, Lov-
ich and Beaman 2008, Ernst and Lovich
200Q]).

Trends in Abundonce

There is no information concerning historical
abundance of this species in California. Only
five reliable localities have been recorded in
California, and historical accounts frem the
early twentieth century contain few data on
abundance. Van Denburgh and Slevin (1013)
reported that “six or eight” specimens were cal-
lected near Yuma before 19006, and stated that
“whether it ascends the Colorado River above
the Gila is not known.” Van Denburgh {rg22)
stated that the species occutred in the Lower
Colorado River drainage but was aware of
records only near Yuma and at Palo Verde in
[mperial County. The Clark County Nevada
record had not yet heen reported at this time
(La Rivers 1942}. Dill {1944) mentioned only
that this taxon occasionally stole bait from hsh-
ermen (presumably implying that it was fairly
well known to fishermen). The paucity of
records from California suggests that popula-
tions here may oot have occurred in the high
densities documented elsewhere, although this
species is difficult to detect without specific
trapping efforts, and it is not clear that these
efforts were ever made while the species was
known to be presant. Thus, the historical data
on abundance are inconclusive. Kiposternon
senoriense has not been cellected in or near
California in nearly 50 vears, despite extensive
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surveys (King and Robbins 1991). It is clear
that declines, and possibly extirpation, have
occurred during the last century.

Nature and Degree of Threat

The causes of decline of Kinostarnon sonoriense
in California are poorly understood, but may be
asgociated with habitat medification and water
diversion along the Colorado River and the
Imperial Valley {Ohmart et al. 1988). Increased
use of pesticides may have modified the availa-
ble prey base, forcing the species to shift to a
suboptimal herbivorous diet, which has been
sugpgested ag a factor in other K. sonoriense
declines (King et al. 1996). The impact of intro-
dured exatic rrayhish, bullfrogs, warm water
fishes, and soflshelled turtles, all of which were
well established around the time aof K. sono-
riense declines {Dill 1944, Lovich and Beaman
zaoB), is unknown, but they could plausihly
have had a nepative impact on K. sororiense. At
one site in Arizona, reduced K. sonoriense den-
sities appear to be associated with the presence
of introduced crayfish (Lazaraff et al. zo006).

Between 1941 and 1943, the Imperial [rriga-
tion District burned and sprayed oil on 13,000
km of ditches and canals in the [mperial Valley
in an eflort to control the damage being done
by spreading muskrat populations (Twining
and Hensley 19431). These efforls certainly
destroyed a preat deal of aquatic habitat in the
region, and the effect of the oil residues may
have also had strong impacts on K. sororierse
and other taxza that disappeared from this area
during the same time period {e.g., Rana yava-
paiensis, Bufo alvarius).

Status Determinotion

A Priority 1 Species of Special Concern desig-
nation is justified by the complete absence of
records for this species since the 19605, This is
the primary cause for concern. Little under-
standing of Kinosternon sonoriense’s habitat
requirements or factors leading to decline in
California currently exists. However, given the
survey efforts that have been conducted to date,
we gssume that any remaining California pop-

308 TURTLES

ulations are small, fragmentary, and vulnerable
to extirpation. The species may algo be vulner-
able to increasing temperatures and changing
hydrology due to climate change.

Management Recommendations

If future surveys detect any remaining popula-
tions, initial management efforls should focus
on protecting those populations while research
is performed that focuses on expanding suita-
ble habitat and rebuilding local populatiens. 1f
initial estimates of population structure indi-
cate that reproduction andfor recruitment is
not occurring, a headsiarting program could be
effective as a stapgap measure to prevent local
extirpation. Many aquatic turtles have very dif-
ferent habitat requirements for haichlings and
adults, and ecological studies of both age
classes will almast certainly be necessary to
ensure the survival of remnant
populations.

native

Monitoring, Research, and Survey Needs

Although surveys have been performed for
Kinosternon sonoriense in California, these
efforts are not yet comprehensive, As this spe-
cies is generally easily captured using submers-
ible turtle traps, more complete survey eflorts
will help to clarify the species’ status in Califor-
ria. Areas that have not yet been systematically
surveyed include the backwaters of the Colo-
rado River helow Needles and along lake
Havasu {R. Figher, pers. comnm.); Haughtelin,
Ferguson, Taylor, Draper, and Walker Lakes
{King and Robbins 1gg1); the Coachella Canal;
and any riparian habitat remaining in the area
of Laguna Dam, as well as at Topock Marsh in
the Havasu National Wildlile Refuge. Because
the Lower Colotado River segment of the spe-
cies' range spanned both California and Ari-
zona, additional surveys should be coordinated
with wildlife managers in Arizona to search
potential habitat on the eastern side of the Colo-
rado River.

If surveys do detect any individuals, manag-
ers should immediately initiate 2 monitoring
program to determine the size and stability of



the population, ag well az an ecological study of
population structure and life history. This will
almost certainly involve individually marking
turtles with shell notches andfor PIT taps and
performing mark-recapture surveys to esti-
mate population size and individual growth
rate. In particular, whether, and how much,
reproduction is taking place in existing popula-
tions will be critical to determine. Juvenile tur-
tles rarely enter submersible traps; thus, alter
native methods should be employed to search
for them (such as seining or snorkeling).
Female turtles should also be checked for egps
using either palpation or radiographs, prefera-
bly with portable held-capable digital X-ray
units.

Genetic samples from the Lower Colorade
River do not exist and should be collected,

should remaining pepulations be found. These
sarmples will be valuable to researchers working
on Kinosternan phylopenetics and phylogeogra-
phy and will also be critical in assessing the
existing diversity within remaining popula-
tions and the divergenre between these and
motre abundant populations to the east in
Arizona,

Finally, researchers should atternpt to char-
acterize differences between habitat that sup-
ports this species and nearby habitats that do
not. The causes of decline are still poorly under
stood, so management efforts that focus on
rebuilding populations must be infarmed with
strong data on the impact of introduced preda-
tors, pesticide, and herbicide drift, introdurced
aquatic plants, and habitat modification on
K. sonoriense population persisience,
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Plethodontidas

Aneides ferrens Clouded salamander NT
Aneides flavipunclatus Black salamander NT
Angidds Tavipinciati: niger $anta Cruz black salamander WS NT
Aneddes favipenctatus “shasia™ Shasea black salamander NT
A eides Ingubeis Arborzal salamander LC
Aneides vagrans Wandering salamander NT
Ratraciieseps allasizrras Greenhorn Mountans slender
salamander
Batvachoseps atterauaties California slender salamander LC
Batrachoseps bramei Fairview slende- salamander 5
Bulrachoseps carips Lnyo Mounlaing salamander X She E b 5
Butrochusepr digtolicus Hell Hollow slender xalamander X DD
Butrachuseps gabridi San Gabriel Mountains slender X DD %
salamander
Butrachoseps gavifanensis Cabilan Mountains slender salamander LC
Balrachoseps gregarius Gregarius slender salamander x 1C
Enlrachoseps incognitus San Sioneon slewder salamande: X DD 5
Batrachoseps kawie Sequoia slender salamander x DD
Batrachoseps luciae Santa Lucia Moundaing slender x Lc
salamander
Batrachoreps maforaridis Desert slender salamander X t E L
Batrachaseps major mijor Garden slender salamander Lc
Batrochoseps miner Lesser slender salamander X SSIC ulb] 5
Batrachoseps nigeiveniris Black-bellicd slender salamander LC
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CDFG special

Taxon! Commen name animal USFWS! CDFW!  IUCN'  USES BLM
Cawlala

Batrachoseps pacificus Channel Islands slender zalammander X LC
Batnzchoseps regius Kings River slender salamander X v
Barrachoseps relictus Relictual slender salamander X 58C oo
Batmehoseps rolaustng Kern Pllcau salarnander X NT
Betrechaseps simatts Kzrn Canyon slender salamander X T v
Barrachoseps stebbins] Tehachapi slender salamander X T v
Ensating ehscholiza crorester Yellow-blotched ensatina X LE
Ensating exchechalizii eschschalizif Monterey ensatina L
[insating exchechalizii klzuher: Large-blorched ensatina X LC
Gnsating eschachalizii oregoneasis OTegon ensakina LS
Bnsnting exchacholizii picta Painted en=atina Lc
Ensaling eschscholizli plaiensis Sierra Nevada ensatina L
Enspling eschycholizii xanthoplice Yellow-eyed ensatina Lc
Hydromanres brunus Limeatene salamander X T, FF v
Hydromantes platpcephafus' Maunt Lyell salamander X LC
Hydraninnfes shastae Shasta salamander X v
Methodor aswpak Scott River salamander X

Hethadon dunni Dunn's sgalamander ic
Petlzodon Zlangatus De| Horte salamander X NT
Hethodon starmi Siskiyou Mountains salarmander X T E

Rhyacotritonidae
RRyarairiton variegaus Southern lorrent salatnander x 55C 1C



Salamand ridae

Turichu granulosa Rough.skinned newt C
Taricha rivularis Red bellied newt 80 Lc
Tarcha nierrae SieTTa newt L
Tiarwchu tarnw Coast Ranpge newt X Eaiey I
Squamata—Lizards
Angudae
Elparia cotrulen coeridea San Francizco a “ipator lizard LC
Flgarin coeriden palmer] Sierra Nevada alligator kzard L
Ligar 6 voeruden prinvgis Northwesiern alligaior hizard LC
Elgaria cocriden shastensi; Shasta al.agator hzad LC
Elgaria multicarinata mutticarmata Califorrua alligaror hizard LC
Flgaria multicarinarm scincieauda Oregon alligator lizard LC
Elgayia mulricarinam webbii 5an Diego alligavot lizard LC
Elgaria peraminting Fanamint alligator lizard x 55C ¥ s
anniellidas
Annielia prichra puichra" Silvery legless bizand x L4 [k
Annivlla paichra nigr Black legless lizand X 55C LC
Cromphytidae
Crotaph s bicinciores Great Basin collared lizaxd LC
Cratrph i iss vestigivin Baw Califernia collared lizard LC
Gambelia copet Cope's lecpard lizard LA TH LC
Gambelia xia Blunt-noged leopard lizard X E I FP E
Gambelins wislizenii Lang-nozed teopand lizard LC

boanl mued ]






Serloperus magister unifarmis™
Seeloporus magister transvereis
Sceloporus occidentalis hecki
Sceloporus occidentalis Riserialus
Sceloporus occidentalis hocourtii
Seeloporus accidentalis fongipes
Serloporus accidentalis occidentaliz
Scrloporus occidentalis rayfari
Sceloporus arcutli

Linto inoruata

Ui notuta

L'ma scoparia

Urasaurus grociosns

Urasaurus nigrceudus

Urasaurus ornarus

Ul staitsbitinH0 elegans

Uta stansburiana pevadensl

Uta stenshuriana stansburigna
Scincidae

Mestindan gilbarii

Hlestigdon skillonianus skiltonionus

Peptipdon skillonianus interpanetahie
Teiidae

Aspidoscelis hyperythra

Yellaw-hacked desert spiny lizard
Barced decert spiny lizard

Island fenwce hizand

San Jeaquin ferice lizard

Coast Range fence lizard

Great Basin fenee lizard
Morthweskera fence lizard

Sierta fence lizard

Granite spiny lizard

Caachelta ¥alley Fringe-toed hzard
Calorado Desen fringe-toed hzard
Mojave fringe-loed lizand

Long-tailed brush lizard

Baja Califernia brush lizand

Crnatz tree lizard

Weztern cornmen side-hlotched lizard
Nevada comman side.blotched Jicard
Horthern commen side-bkched Lizard

Gilbert's ghink
Westarn skink
Coronade skink

Orange-throzled whiptail

ic
LA
14

LC

G UL






Chiorarctis accipitalis anmilate
Chiod cris occipitalis occipitalis

Chionactis occipitalis talpina
Coluber constrizior mormon

Conia longicaudi

Contlia benuis

Dindaphis punclatus “Caastal CA"™
Diadapbs punctalus “Easlern CAY
Diadaphis guncratus ~Southern CA"
Diudaphis punclaluz “Great Basin™
Hypsigiena chlorophaee

Hypsigiena schrovhyachn hguberi
Hypsigiena ochroripncha ruchinlala
Lamprogelis californioe
Lampropeliis amdtfaicial "
Lumpropeliis zonuata

Musticophis flagetim piceis!!
Musticophis flegetum ruddocki
Masricophis fulgineses

Masticaphis lateralis et yxanthig
Musticophis toernlis foteratis
Magticophis tecniatis
Phpllorhprches decurtotus

Pituophis catenifer affinis

Pitiroplils catenifer anneciens

Colorado shovel-nosed snake
Mojave shovel .nosed snake
Hevada ahovel-nesed snake

Western yellow-bedlied racer

Forest sharp 42 led snake

Common sharp-tailed snake

Ring-neched snuke
Ring-neched snake
Rinp-necked snake
Ring-necked snake

Morthern desert night snake
San Diego mght snake
California mght snake
Common kingsnake

Cahilorma mountan kinganake
Califernia monntan kinpsnake
Red coachwhip

San Jeaquin coachwhip

Baja Califernia coachwhip
Alamada striped racer
California striped racer

Striped whipsnake

Spatted leafnosed snake

Sonoran gopher snake
San Diego gopher snake

55C

55C
55C

FRA

LC
Lc
Lc
Lc
e
Lc

Lc

RRA

Lc

L
LC

R



CDRG special

Taxcn' Common name animal USFWS CDPWY  TUCH*  USFSF BLM
Squamata—Snakes

Pitieaphis carerifer caterifer FPacific gopher snake LG
Pituophis catenifer deseriicola Great Basin gopher snake Lc
Fituaphis catenifer pumilis Santa Cruz Island popher snake X 1
fhenochieilux rontei Long-npsed snake C
Salvadora hexalepis e calspis Diesert patch-nosed snake LC
Salvadore hexalzpis mojavensis Muojave paich-nesed snake LC
Saladore hexalepis virguiten Coast patch-nosed snake X 55C LC
Sonova semirnnulula Western ground snake LC
Tantilla hobartsmithi Scuthwestern black-headed snake LC
Tantillz planiceps California black-headed snake LC
Thamrophis atratus atratiss Santa Cruz aquatic garter snake LC
Thamraphts alratus hydraphilie, Oregen anquatic garter snake LC
Thamnophis @irctus zaxanthins Diabdo Range aguatic parer soake LC
Thamnaphis couchin Sxtrta [wistern aquatk] garkter snake LC
Thamnaophis elegans elegans Mountain terresirial garter snake LC
Themngphis elegas ferresiris Crast lerrestiial garter snake 1C
Thamnaphis clegans vagrans Wandering terrestrial parber snake LC
Thamnopiis gige Gunl garker snake X T T ¥
Thartnophis hammandie Two-ateiped garter snake X £5C ic 5 5
Thurtnophs marcianus Checkered garter snake

Thamnaaphis ordingide; Northwesicrn pacher snake c
Thamnophis sirtalis fitchi Yaulley garter enake 1c









APPENDIX 2

Public Comment Announcement

We golicited public comment on this project by post-
ing the anaouncement on the right on the websites
of the following organizations: California Depart-
ment of Fish and Wildlife, Center for North Ameri-
can Herpetolopy, Beologival Society of America
{ECOLOG-1), Partners in Amphibian and Reptile
Conservation, and The Wildlife Seciety. In addition,
we circulated the announcement widely to col-
leagues via email. Following the public comment
pericd, we also contacted experts on each taxon
under consideration o request advice, data. and
reviews of eatly drafis of this document.

California’s list of Amphibian and Reptile Species of
Special Concern (ARSSC} is o critical component of ke
management and protection of amphibians and repities
in the state. The current Calformiz ARSSC list (s
undergoing o complete revision to better reflect those
taxa that reguire some measure of conservation to stabi-
lize popuiations and avoid future listing under the Cali-
Jornia Endangered Species Act. To date, the ARSSC
revision tzam has developed a set of risk metrics, com-
pided a list of nominee inxe, end completed o prelimi-
nary risk assessiment for each nominee based on litern.
ture reviews and lacality information. Now, we need
your help 1o make sure that we have the most accurate
and complete list parsible of SSC for potential inchision
it the final list. The best Jest will require input from as
many knowledgeable biologints as possible, I you have
data, well-documented field experience, or unpublished
ohservations that are relevant to California's amphibion
anid repiile fauna, we invite you to share thers with us.

Furlher details, risk assessments, and instructions for
submitting [redback wre available @t hitp.//arsse
ucdavis.edu, The public comment period clases August
3258, 2009,

Bob Themson
Amber Wright
Brad Shaffer

Center for Papuiation Biolagy

Lnivgrsity of California
Davis, CA gs0i6
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APPENDIX 3

Watch List

The waich list comprises taxa that were previously,
but are no longer, considered Species of Special Con.
cern. Here we include an explanation for each taxon's
chanpge in status and discuss future conservation
concerns regarding Watch List taxa.

California tiger salamander
{Ambystoma californiense)

Jennings and llayes (1gg4a) identified this specics
as the highest-concern vernal pool-breeding amphib-
ian in the state. [n keeping with this assessment and
recent research docurnenting its decline range-wide,
A. californiense was listed under the California
Endangered Species Act as a Threatened species in
2010, superseding Species of Special Concern sta-
tus. See Balster (2a10) for the CDFW's recent status
review. The species was also listed unider the federal
Endanpercd Specics Act in 2000 (Santa Barbara;
Endangered), 2003 {Sonoma; Endangered], and
2004 (Central; Threatened), as thiee separate Dis-
tinct Populatien Segments. Recent multi-lecus phy-
logeographic work indicates that the Central Distinct
Population Segment is composed of two separate
lineages [rom the [nner Coast Range and Central
Valley and that these may be best considered as sepa-
rate units with different management needs

{I. Johnson and B. Shaffer, unpublished data),

Orange-throated whiptail
{Aspidoscelis hyperyihra)

This taxon was included by Jennings and Hayes
(1904a) primarily because of habitat leas within its
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relatively narrow range. We place it on the Watch List
berause, thus far, it appears to tolerate habitat frag-
mentation better than many similarly distributed
taxa, including the red diamond rattlesnake (Crotalus
ruber), coast patch-nosed snake {Solvadors hexalepis
wirgultea), and Califernia glossy snake {Arizona ele-
guns occidentalis), all of which have experienced more
severe declines: and it remaing relatively commen in
many areas throughout its range. It is possible that
further development and habitat fragmentation could
cause more severe declines, so this taxon should be
periodically reevaluated.

Baja California rat snake
(Bogertophis rasaliae)

Jennings and Hayes (19942} included the B. rosalipe
primarily as a precaution. Virtually nothing was
known about the species in California except that, it
it ever naturally occurred in the state, it was probably
rare anu restricted in distribution (only a single spaci-
men has ever been recorded). In the intervening
time, ne additional specimens have been reported,
and no new information has become available for this
species. [Cthis species is found to be a native compo-
nent of the California fauna, the conservation status
should be reevaluated when more is knawn about the
populations and habitat of the snake in California.

Yellow-bletched ensatina
{Ensatinag eschscholizii craceater)

Jennings and Hayes {15942} included this taxon pri-
marily aver cancerns about land use changes within



its emall range. We chared ceveral of these concerns,
although the severity of these threats appears to have
decreased since 1994. As long as the planned preser-
vation areas at Tejon Ranch remain in effect, a large
amount of E. e. croceater habitat will remain pro-
tected, so designation as a Species of Special Con-
cern may not be necessary. We include E. e. crocevter
on the Watch List to encourage reevaluation of habi-
tat availability for this taxon in the future.

Large-hlotched ensatina
{Ensating eschschaltzii klauheri)

Jennings and Hayes {1994a) included this taxon pri-
matily over concerns about ongoing development
within its range. We agree that development has had,
and is continuing to have, an impact on this gpecies,
although the severity of these impacts appears to he
significantly less than those being experienced by
other taxa with similar ranges. Further, the large-
blotched Ensatina appears to be commonly found
with stable populations throughout significant areas
of its range, including protected parklands. 1F the
exent of development increages within this salaman-
der's range, it may become necessary to reconsider
special concern statuzs and meore active management.

Mount Lyell weh-toed salamander
{Hydromantes platycephalus)

This taxon was included by [ennings and Hayes
{1094a) as a precaution, based on its patchy distribu-
tion and suspected susceptibility to local extirpa-
tions. We do not include H. platycephalus at this time
because, although it is patchily distributed. the spe-
cies appears ta be stable throughout most of its range
and is not experiencing appreciable risk from habitat
disturbarice {Wake and Papenfuss zcas). Additional
populations have been found since the eatly 19905,
and the species appears ta be relatively common at
many sites. Although it is a Califarnia endemic, has
a mederately small range, and is a narrow ecological
specialist, this species does nat appear to be cur
rently at risk of immediaie decline (Wake and Papen-
tuss zo00%).

Owens Valley web-toed salamander
(Hydromantes platycephalus)

The Owens’ Valley populations of H. platpcephalus
were included by Jennings and Hayes {19944) as a
precaution, both because little was known about the
pepulation bialogy of this elusive salamander and
because it was strongly suspected rhas it was a dis-
tinct taxon, Research completed since 1994 suggests
that these populations da not form a distinct lineage

but instead are part of the more broadly distributad
H. platycephalus lineage (Rovito 2010). As with H.
plotycephalus, additional localities have been found
and populations appear to be stable, leading us o
conclude that Species of Special Concern designa-
tion is not required at the present time (Wake and
Papenfuss zeog).

Southern California mountain kingsnakes
{Lampropeltis zonata parvirubra and L. z. pulchra)

The two southern California subspecies L. 2. parvi-
rubre and L.z pilchre were considered Species of
Special Coneern by Jennings and Hayes (19942) on
the bagis of suspected declines due to illegal collect-
ing and habitat destruction from some collectors. We
agree that this has occurred, although the current
scale of exploitation does not appear to threaten this
species’ loup-terrn survival. We placed the species on
the Watch List in Tecognition thai cellection pressure
andjor habitat destruction could cause the need to
provide additional protections in the future,

Santa Cruz Island gophar snake
(Pitwaphis catenifer pumilis)

Jennings and Hayes (19¢.4a) included this taxen pri-
macily because of its sinall range (it 15 restricted to
Santa Cruz and Santa Rosa islands) and threats from
feral ungulates and pigs. We removed this species
from special concern status because the invasive
mammals causing the primary threats have heen
removed from the largest part of the range, Santa
Cruz Island {USNPS z010). This island is also well
protected from future development because it is a
national park.

Corenado skink
{Plestiodon skiftonianus interperigtalis)

Jennings and Hayes {1gg4aj included P. 5. interpari.
ctalis primarily because it has 2 relatively restricted
range and has disappeared from some areas. As with
Aspidoscelis hyperythro, we apree that some declines
have occurred, although their severity appears to be
medest. If these declines continue, further protec
tiens may be warranted in the future,

Del torte salamander
(Plethodan elongatus)

Jennings and Hayes (1994a) included the Del Norte
salamander because of concerns regarding habitat
specialization by inland populations and the poten-
tial far timber harvest to destroy rhese habitars,
Although theze are valid concerns, as well as for two
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close relatives of ™. elongarius, the Scott Bar salaman-
der {Plethodor asupak) and Siskiyou Mountaing sala-
mander {P. stormi), population status across most of
the range of this taxon appears to be stable. Inland
populations are patchy and likely mare vulnerable to
habirat degradation, which is why we place this taxon
on our Watch List {H, Welsh, pers. cormm.).

Mountain yellow-legged frogs
{Rang muscosa and §. sierrae)

Mountain yellow-legged frops wers desipnated as
Species of Sperial Concern by Jennings and Hayes
{19y94a} under the name R. muscoss. Vredenburp et
al. (2c07) divided R. muscosa |sensu lato) into twe
species on the basis of morphometric measwre-
ments, differences in advertiseinent call, and mito-
chondrial DNA: the Sierra Madre yellow-legged frog
{R. muscesa} in the south and the Sierra Nevada yel-
low-lepped frog {R. sierrae} in the north. Both species
were state listed in 2013, superseding Species of Spea-
cial Cencern status. See Bonham and Lockhart
izou1} for the CDFW's recent status review of these
taxa,
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APPENDIX 4

Additional Taxa in Need of Research and
Monitoring

We identified the following taxa that did not qualify
for Species of Special Concern status but nonethe-
less would benefit from sotne level of additional
research andfor monitoring. We previde a brief

description of our concerns for each of these taxa
below.

Orange-throated whiptail
{Aspidescelis hyperythra)

Aspidoscelis hyperpthre occurs in California in a rela-
tively narrow region of southern California. Much of
its available habitat has been destroyed or is threat
ened by ongeing urbanization and development.
Further, many of the areas where habitat persists
have becomne fragmented by development in inter-
vening areas. The taxan remains lecally cammen in
several areas, although this should be reevaluated
perindically. Further habitat medification could lead
to mnore declines that warrant additional protections.
Additional threats may acise from increasing inten-
sity andfor frequency of wildfire in the region.

San Gabriel Mountains slender salamander
{Batrochoseps gabrieli}

Batrachoseps gabrieli occurs in a small area in Los
Angeles and San Bernarding Counties {Stebbins
2003). Very few localities are known for this taxorn,
and its range is probably nat fully characterized
(Goodman et al. 1gg8, Hansen et al. zoo5d). The
salamander appears to e himited to taluz slopes in
the vicinity of oak, big cone spruce, and pine {Wake
1996, Goodman et al. 1n98). It exhibits limited sur-

face activity and appears to specialize on an environ-
ment that is unlikely to be developed. This species’
known range lics within the boundaries of the Ange-
les and San Bernardino Mational Forests and appears
to be well protected at the prescnt time, However,
other narrowly distributed species of Ratrechoseps
have undergone large and unexplained declines, and
it is possible that similar declines could occur for
this gpecies {lennings and Hayes 1994a). For this
reason, periodic monitoring and reevaluation of sta-
tus of B. gabricli is warranted.

Baja Califarnia rat snake
(Bogertophis rosalins)

Bogertophis rosalive is known only from a single road-
killed specimen in California along Interstate B
(specimen SDNHM 64416}, It is unclear if this rap-
tesents an escaped or discarded pet, a rare migrant
from the known range farther south in Baja Califor-
nia, Mexico, or a regular, infrequently encountered
compenent ef the California reptile fauna. If a popu-
lation does exist in California, ongoing develepment
aleng the border in both the Uniled States and Mex-
ico is likely to isolate these pepulations from the
main part of the range, which occurs farther south.
1f 50, the California popilations could be susceptible
to stochastic effects associated with small popula-
tions, as well as habitat loss from development. In
some areas this species appears to be associated with
palm oases, which are uncommon habitat patches,
so any degradation of this habitat may have severe
impacts on the taxon.
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[f this species is native to California, it appears to
be encountered exceedingly rarely and is never
reported. Given this complete uncertainty concern-
ing its status and validity as a native element of the
California fauna, we place this taxon on the Watch
List, primarily o highlight research needs. Surveys
tor this taxon should be encouraged, although in the
abgsence of additional data. specimen collection
should he strictly limited tc only what is needed to
learn more about its natural history and status
within the state. However, we emphasize that tissue
sarmples mipht help determine if any California
specimens are native or introduced.

Yellow-blotched ensatina
{Ensating eschscholtzii croceater)

Ensoting eschscholizii crocenter occurs in a relatively
stinall area of Kern and Ventura Countics in south-
ern California. Some localized populations may have
undergone declines or extirpations due to develop-
ment, although data on this ate scarce. Workers have
expressed concerns about land use practices and
development in the Tehachapi Mountains, Bear Val-
ley, Cumimings Valley, and Tejon Ranch, particularly
in areas of cak weodlands {pers. comin. in Jennings
and FHayes 19¢4a). One of the main concerns for this
taxon was that a Jarge fraction of its range occurs on
praperty owned by the Tejon Ranch Company, the
largest contiguous private landholding in California,
and that this land would be develaped in a way that
was incompatible with the salamander’s survival,
Since the previous evaluation, a large fraction of
Tejorr Ranch has heen set aside for preservation—
areas in which grazing. but not development, may
continue [Tejon Ranch Conservancy zoof). [n addi-
tion, many pepulations occur on Mational Forest and
ather public lands that are unlikely to experience
intense habitat madification. The availability of suit-
able habitat should be monitorad periedically. and
habitat modification within its very restricted range
should be avoided.

Southern California mountain kingsnake

{Lampropeltis zorate “Southern Clade” or
L. multifasciota)

The southern clade of L. zorat includes the for-
merly recognized subspecies L. z. pulchia and L. z.
parvirebra [Rodriguez- Robles et al. 1gggh), and has
more recently been recognized at the species level as
L. multifasciata (Myers et al. zo13). This snake spe-
cializes on rocky cutcrop habitats occurring primar-
ily in a variety of waodland and chaparral habitats
from sea level to nearly 3000 m (Stebbins 2001). It is
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a popular species among herpetoculturists and col-
lectors, and spme have voiced concerns that hahitat
destruction has caused localized declines. Gverzeal-
ous collection of this snake does tend to destroy the
microhabitats within rocks, which can degrade
the quality of sites for a long period of time, although
the spacies exhibits a relatively nacrow window of
surface activity, and much of its habitat may be rela-
tively inaccessible to collectors. Staub and Mulks
{2009} surveyed the Mount Laguna region, San
Diego Counly, fram 2006 te 2608 and found that
75% of all 1ock piles surveyed had some depree of
damage. They cancluded that collecting is ongoing
and s not restricted to the vicinity of roads, support-
ing the concerns that the intensity of ongoing col-
lecting could harm this species. Managers should be
wary of signs of habitat destruction, stemming from
either collectors or other sources, particularly in
areas that experience heavy human teathc such as
Mount Laguna. If surveys demonstrate that these
collecting activities are depleting papulaticns, fur-
ther management and enforcement of cxisting col-
lecting prohibiticns may be needed.

Del Norte salamander
{Plethadon elongatus)

Plethadon elongutvs occurs frowm the California—
Oregon border south into Humbeldt and Trinity
Counties. Optimal habitat for this taxon appears to
be late-successional and mature forests, which may
Ire increasingly impacted by timber harvest in the
coming years [Welsh and Lind tgq5; H. Welsh, pers.
comm_}_ Priar to 200z, this species was managed
under the Northwest Forest Plan {Welsh and Bury
2005, Survey and manage program zoi1o). These
protections have now been remaoved, although much
of the habitat that supparts this taxon remains pro-
tected under the Plan {Morthwest Forest Plan 1004).
Momitering elforts should focus en the impact of
timber harvest on this species’ ability to persist, par-
ticularly at inland sites.

Western black-headed snake
{Tantillg planiceps)

The natural history of T. planiceps is poorly under-
steod in California. We have almost no information
concerning this species’ natural history, habitat
requirements, or population densities. The snake
seems to be patchily distributed and rarely seen,
makinp the detection of population declines or extir-
pation: difficult. [n addition, much of its range
occurs i areas that have experienced heavy develop-
ment and habitat modihcation. Sone workers have



suggested that changing wildfire regimes in south-
ern Califernia could be having a negative impact on
this species; however, relevant data are very sparse.
An important priority for this taxon is an increased
research effort focused on distribution and habitat
surveys so that its ecological requirements and popu-
lation dynamics <an be better characterized. As
papulations ate discovered, tissue samples should be
collected for malecular analyses of the degree of iso-
lation and differentiation of these apparently dis-
junct populations.

Baja Califarnia night hzard
{Xamtusio wigginsi)

Xarntusia wigginsi was not known to be a part of the
Califernia lizard fauna until recent genetic studies
established its presence in extreme southern Califor-
nia (Leavitt et. al. 2007). Virtually nothing is known
about this taxon’s range, life history, habitat require-
ments, or conservation status within California.
Further research on this species is needed befare
assessmments of its conservation status and manage-
ment needs can be made,

AFPPENDLX 4

373



This page intentionally left blank



GLOSSARY

ADPRESSED LIMES Position of the limbs such that
the forelimbs are pressed backwards against the
trunk of the animal, and the hind limbs aze
pressed forward against the trunk. The distance
berween adprassed limbs, a character which
measures the relative limb length with respect to
the trunk length, is usually best measured in
preserved specimens, since the limbs may be
damaged in living animals.

aLiopaTRIC Ocourring in separate areas; refers o
spacies ranges that do not overlap

aLLoZYME Alleles of an enzyme that vary in theic
speed of migration threugh an electrophoretic
gel. A common way to quantify genetic variation
before DNA sequencing became routine,

ampLexus Mating behaviar in many aquatic
anurans and some salamanders in which the
male grasps the female with the front legs,

Bp Aaimchochytriem dendrobatidis. A pathogenic
fnngus that causes the disease chytridiomycosis
in many amphibians.

cararatt The dorsal half of a turtle shell.

COSTAL GROOVES Lateral indentations alang the
trunk of many salamanders.

CRITICALTHERMAL MAXIMUM The emperature
above which a given species ceases to be able to
maintain normal body Function. Extended

femperatures above this peint generally lead ta
death,

CRITICAL THERMAL MINIMUr The temperature

belaw which a given species ceases ke be able to
maintain normal bady function. Extended
temperatures below this point generally lead te
death.

crYPTIC Taxa Evolutionarily distinct lineages that

are morphologically conserved and are difficult o
distinguish from one anpther on the basis of
motphology alone.

p1arAUSE A delay in the life cycle of an organism,

often occurring in response o adverse
environmental conditions.

CORSOLATERAL FOLDS Ridges of the skin that run

along either side of the back in many frogs,

EXTAMT A taxon thatis still in existence, opposite of

extinct.

HIBERMACULUM A place used by one or mare

individuals to hibernate or underga a period of
dormancy. Frequently used to refer to areas that
house many hibernating individuals of the same
species, especially sites that are used repeatedly
over many years. The plural is hibernacula.

INTROGRESSION Transfer of genetic molecules

from one species to another. In our usage, this
mast commonly refers to the transfer of the
mitochondrial genome among species dus 1o
hybridization.

iIsoLATION BY DIsTANCE The genetic signature that

tends ta arise from the tendency of individuals
within a pepulation to mate with nearby
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individualis, eventually leading to the gradual
accumulation of genetic differentiation acress the
landscape.

KEELED A spine or ridge structure that runs aleng
the central axis of a scale or scute.

LaTE-sERaL Used to desceibe forests that are in a
later stage of smecession. Typified by the presence
of latpe, old {»100 years) trees in the overstory,

MicensaTeLLITE Short repetitive regions in the
DN4& that often exhibit a large amount of
variatian due to the very high rate of mutation in
these regions of the geriome. Frequently
employed te measure population genetic variation
within species, because their high mutation rate
allows them to track chanpes in gene Aow and
population size quickly.

mtona An abhreviation for mitochondrial DNA,
the separate chromosome found in the
mitochondria of all plants and animals. Until
recently, it has been the standard molecule aof
choice for moest systernatic, population genetic,

and phylogeographic rescarch.

NASOLABIAL GROOVES Characteristic gmoves that
run fram each naris {external nostril) down to
the upper lip in plethodontid salamanders.

nucHAL Relating to of lying in the region of the
nape.

OCELLUS AR eye-like spot.

ovirarous A mode of repraduction in which
embryos develap inside of cgge.

avoviviparous A mode of repraduction in
which embiyos develep inside of eggs which
ate retained in the mother's body until
hatching.

PAEDGMORPHOS1S The retention of larval traits
into adulthood. [n ambystomatid and
dicamptodantid salamanders, it is also used to
tefer to ceproduction in the larval condition.

PARAPHYLETIC A group of taxa, all descendiag from
of a common auwestor, that does uot contain all
descendants of that ancestor. Far examples,
“reptiles” as traditionally defined are paraphyletic
because they do not contain bixds as a contained
taxon.

PaRATOID GLANDS External skin glands that lie
along the back of the head or neck region and are
praminent in most toads and several species of
salamander.
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rca Principle component analysis. A multivariate
ordination approach that reduced the variability
among large sets of measured variables down to a
{usually) smaller number of independent
{orthogonal) variables.

PIT TaG Passive integrated transpender tag. A small
injectable tag that emits a unique electrenic
signal that can be read using specialized
instruments. A frequently used methed for
uniguely labeling individual organisms in a
population.

pLasTROM The ventral part of a turtle shell.

raLyTYric Having several morphological forms.
These may or may not correspand to evelutionary
lineages.

POMD TYPE LARVAE Salamander larvae that develop
in pands are characterized by having relatively
large long fins associated with a relatively strong
swimming ability.

scUTE An enlarged scale, such as those on a turtle

shell.

scL Straight catapace length. The distance from
the anteriar to the posterior end of the carapace
taken along the midline and measured as a
straight distance ({i.e., not measuring alonp the
curvature of the shell}. A standard way of
measuring body length in turtles.

sNP Single nucleotide polymorphism. A
homologous nucleatide position in a DNA
sequence that ig variable amoeng congpecific
individuals. SNPs are increasingly used instead
of allozymes, microsatellites, and miDMNA for
population genetic and species delimitation
studies.

STREAM TYRE LARVAE Salamander larvae that
develop in streams are typically smaller than
pond type larvae and have smaller tail Ans.
Behaviorally, they tend not to swim in the open
watet and instead remain near the substrate.

s¥L Snout to vent length. The distance from the tip
of the snout ta the anterior edge of the cloaca. A
standard way of measuring length in many
amphibians and reptiles.

1L Total length. The distance from the tip of the
snout to the end of the tail.

viviparous A made of cepreduction in which
females give birth to live young that are not
retained in shelled egpx (compare with
avaviviparaus).
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Baja California coachwhip. See Mastivophis fuliginosis

Raja Califarnia nightlizard. Ses Xantusia wigpins
Baja California Peninsula, 300
Baja California rat snake, See Bogertophis rasaline

Batrachochytrium dendrobatidis { Bd), a5, 68, 73, 82, o1,

96-99, 104, 11G-17, 122, 14041, 184, 37§
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Breeding Bird Surveys, 47
Eufo abvariis, 59-63, 504l

breeding behavier, &1, 63
distribution of, o (m), 61 6z
effectaf
landscape medification, 62
pesticide applications, Gz
habitat requirements, Gt
identification, 59 6t
life history, 6
management recomimendatons, 6z 63
metapopulation dynamics, G5
meniloring, research, and survey needs, G3
osteological and genetic data, G
poison of, 61
toxicity of, 61
population dacling, 62
causes of, Bz
as Priority r Sperics of Special Concern, 50
risk factors, 5g 1)
status determination, Gz
status of, 59, G2
laxonomy of, G
threats faced by, G2
trends in abundance, 62

Bufo californicus, G4 -68, G40

Anraxyrus genus, 66

breeding behaviar, 66

distributien of, 65(m), G7

drought and El Nific cycles, eflects of, 68
feeding habits, 66

in Buman-made habitais, 67
identification of, 64-606

latvae of, 66-07

life history of, 66-G&

management recommendations, G8
maonitoring, research, and survey, 68
morlality rate of, 67

noclurnal aclivity. patlerns of, 66 Gy
nonnaiural disturbances, 46
population size and connectivity, 68
predation pressure, 67

as Pricrity 1 Species of Special Concern, 64
radie tracking of, Gy

reproductive seasan, GG

risk factors, B4(1)

seasonal activity period for, GG

sexual maturity, 66

status of, G4, 68

stream and riparian habitat, 67
survivorship of, 66-68

tammnamy of, BG

threats faced by, 65

trends in abundance, G7-G8

USFWS recovery plan for, 68

INDEX 379



Bufe ranorus, 69706, Go{f)
breeding activity and egg.laying, 71-72
breeding choruses, 71
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breeding season, 75
disease cuthreaks, 73, 75
distribution ef, 70 (m}, 72—73
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embryos and hatchlings, 73
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habitat modification, impact of, 74
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identification of, Gg—71
insect food supply for, 74
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life history of, 71-72
livestock grazing, influence of, 74
managemeni prograrm, 75
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monitoring, research, and survey needs, 75~76
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palatability of, 74
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California giant salamander. See Dicemplodorn enspins

California glossy snake. See Arizonie elegans occidentalis

California kangaroo ral, See Dipodomys calfornicus

California legless lizand. See Anniella prlchra

California Natural Community Conservation
Flanning, 41

California Natural Diversity Database, 5, 13, 15, 33, 216

California red-legped frop. See Rana droplonii

California tiger salamander. See Ambystoma cafiforniense

California Wildlife Habilat Relationships, 16-17
cannibalisrm, 36,133, 163, 183
carbon emissions, 11, 44
Carsan River, 300
Cascades frog. See Rana cascadae
Christmas Bird Counts, 47
chytrid fangus. See Batmchochytrivm dendrobatidis
chytridiomycosis, 73, g1, 12z
citizen science, 47
clitnate change

comservation risk due to, 19

impacts of, 44-45, 302

vulnerability to, 11, [t
Coachella Valley, z2¢

Multiple Species Habitat Conservation Plan, 232
coastal tailed frog. See Ascaphus trugi
ceaslal whiptail. See Aspidoscelis tigris stefnegeri
coast horned lizard, See Phrynosoma blainvillii
croast paitch-nosed snake. See Sahwmdora hexolepis

virgulen

coastrange newt, See Taricha towsa
Coleonyx variegaius abbotli. 197-201, 197(f)

distinctiveness of, 190

distoibution of, 1g8{m), rgg—200

habitat degradation, 200

habtat requirements, 199

identification of, 197-09

impaci of

artihcial night lighting, 200
climate change, 200

Bureau of Land Management, 5 development and agriculture, 200

life history of, 199

management of, 200

moniloring, research, and survey needs, 200 201
nuclear DNA markers, 196

pitfall trapping. 199, 201

as Priority 3 Species of Special Cancern, 197
reproductive activity, 159

California Aquatic lnvasive Species Management
Plan, 40
Califarnia Climate Action Team, 44
assessments of, 11
California Ceaslal Act {1970), §3
California Department of Fish and Wildlife (CDEW),

4.6.19 risk factars, 1g7{t}
Biogeographic [nformation and CGbhservalion status of, 197, 200
System, 16 sutface activity, 190

Gacgraphic [nformation System, :6
California Endanpered Species Act, 4- G, 8. 14, 19. 33,
231, 368
California Envirenmenial Qualily Act. 5, 36
California Essential Habitat Connectivity Project, 41
California Floristic Provines, 4

taxanamy of, 199

threats faced by, 200

trends 1n abundance, zoo
Colorade Desert, 15
Colorade Desert fiinge-loed lizanl. Sec¢ Umo rolala
Calorade River, 107, 308
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common garter snake. See Thomnophis sirtalis
common musk turtle. See Siernatherus odoratus
Cope's leopard lizard. See Gambelia copeil
Coronado skink. Ses Plestiodon skillonianus interparietalis
Couch’s spadefaot. 5ee Scaphiopus couchii
counties and islands, of California, 50{m|
Crotalus rubar, 260-65, 2Go(f), 168

climate change, impact of, 2G4

ooloration and behavior, 266

courtship and mating, 262

denning behavior. 2G2

distribution of, 261{m}, 263-G4

gestation period, 262

habitat requirements, 263

identification of, 2Go

life history of, 26263

managemant of, 264

monitoring, research, and survey needs, 204-065

neanates of, 260

pitfal} trapping, 265

prey of, 263

as Priority 3 Species of Special Concern, zbo

radio tracking of, 262

reproductive aclivity, a6z

risk facters, 2Go (1)

sevual maturity, 263

status of, 260, 164

taxonomy of, 262

threats faced by, 264

trends in abundance, 264

Dale Dy Lake, San Bernardino County, 242
Daphnic magna. 45
DDT pesticide, 16
Death Valley, Inya County, 264
Del Norte salamander. See Plethodon elongarus
desert glossy snake. See Arizona degans eburnaic
desert tnule deer. See Odocoileus hemionus crooki
Diadophis punclatus regalis, 266-70, 266(N)

breeding activities and egg laying, 268

climale changes, impact of, 269

denning activities, 268

distribution of, 267 (m}. 269

habitat requirerments, 26q

identification of, 266

life history of, 268-Go

management of, 265—70

mitochordrial DA, 268

monilaring, research, and survey necds, 2 ro

preyol, 269

reproductive activity, 268

risk factors, z66(t

risk of extirpation, 269

statns of, 266, 204

Laxonormy of, 268

threats faced by, 269

trends in abundanca, 269
Dicamptadon ensalus, 161-65, 161(f)

breeding activity and egg laying, 163
breeding and larval development, 163
breeding season, 163
cannibalism behaviar, 163
distinctiveness of, 193
distribution of, 162{m), 163-64
ellects of

climate change, thyg

wildfire, 164
lraginentation of riparian habitat, 164
genetic markers, 163
habital requirernents fog, 163
identification of, 16163
larvae of; 163

habitat of, 163

in slew-meving water, 104
life histery of 163
management of, 1035
menitoring, research, and survey needs, 165
mortality and habitat degradation, (64
peedormorphosis, prevalence af, 16
pitfall trapping, 1G5

as Priority 3 Species of Special Concern, 161, 164

vigk factars, tGr{t)

status of, 161, 164

taxonomy of, 163

threats faced hy, 164

trends in abundance, 164
Dipadomys californicus, 221
dizease transmission, 42, 45

in Bufo canorus, 71, 75
DMA sequencing, 110, 154, 252, 27,

East Bay Regional Park Dustrict, 103
Eigoria panamintina, 202-6, 2cz(I)
distribution of, 203(m), 205
habitat [EQUITETNENis, 20y
identiheation of, 202-4
life history of, 2045
managemenl of, 2z05-G
moniloring, research, and survey needs, zo06
pradalors of, 205
as Priority 3 Species of Special Cancern, 20z
reproductive activity, 204
risk factors, zo2(t)
status of, 202, 205
taxonomy of, 204
thermal tolerances, 204
threats faced by, 205
trends in abundance, zag
El Nifio cycles, 63
Emys marmoratn, 2906 -303, 2906({0)
clutch sizes, 299
diet, 299
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distribution of, 207{m}, 300301
prowth rates of, 209

habitat less of, 301

habitat requirements of, 299, 300, 303
hatchlings of, zgg

human-modified habitats, impact of, 303
identification of, 293

introcduced species, impact of, 308

life history of, 299

gene flow, isclation-by-distance model of, 95
generalist predator, 44

Gila monster. See Heloderma suspectiom
glyphosate, 110

granite night lizard. See Xanlusiz henshaun
Great Basin and 3oneran ecoregions, 35
Greenhorn Mountains, 158 -50

Habilat Canservation Plans (HCP), 5, 31

management recommendations, 302—3 habitat corridors, 41-42, 58, 185, 196, zar, 211, 231, 245,
mating seasan, 296 253, 204
melanistic, 298 habitat frapmentation, 31, 35, 41, 195 04, 233, 243 44.
monitoring, researcly, and survey needs, 303 28281, 108
mavement to overwintering sites, 269 habitat loss and degradation, 34, 81, 171, 184, 186, 253
nest sites, 299, 303 habitat quality for species. determinants of, 231
population sizes, 301 habitat restoration, 6%, 92, 98 ag.108, 110, 135, 150,
predators of, 302, 303 199,195, 231, 244, 290, 294 95 321
reproductive maturity, 209-100 Havasu Mational Wildlife Refuge, 108
risk factors, zg8{t) headstarting programs, 43, 303, 108
slatus, 208, j02 Heloderme horridiem, 214
taxonomy, 298-qg Heloderma suspectum, 21217, 212{f)
threals faced by, s01-2 daily activity pattern, 215
trends in abundance, 301 diet of, 215
endernic and near endemic species, 33(1) distribution of, 213(m), 215 16
Ensakina eschscholizii croceater, 368-Gg, 352 foraging behavior, 215
environmental contamination, 73, 97-98, 170, 140 habitat requirsments, 215
envitonmental irpacl agsessment, 30 homing ability, 215
identification of, 214
Fallen Leal Lake, 109 life history of, 214 13
Federal Endanpered Species Act, 8, 244 male-male camnbat, 215
Ashbail indesiry. 109 managemeni of, 216
Hat-1ailed horned Lizard. See Phrynosoma meallil monitoring, research, and survey needs, 216-17
Flat-tailed Horned Lizard [nteragency Coordinating nocturnal activity, 215
Commitiee, 229, 231-32 reproductive activity, 215
foothill yellow-legged frop. See Rana baplii riparian or xereriparian habitat, arg
farest ecosystems, 1 risk factors, 214 (1)
sexual maturity, 215
Gambelia copess, 207-11, 207 ([} as Species of $pecial Concern, 214
breeding seasan, 200 glatus of, 214, 216
distribution of, z08{m), 210 subspecies of, z14
gene flow and hybridization, 209 taxonomy of, z14
habitat lozs due to davelopment, 210 threats faced by, z1G
habitat requirements, 2og-10 trends in abundance. 216
hibernation, 20 venam, uge af, 215
identificabion of, z07-9 herpetofauna, 42, 259
life hisiory of, 209 hibernation
management ¢f, 210 of Ambysioma meacrodactyfum sigiflatum, 138
monitoring. rescarch. and survey needs, 211 of Bufo cinorus, 75
risk facters, zo /(1) of Gambelia copeii, 209
sexual size dimorphizin, acg of Kinoslernon suroriense, 300
as Species of Special Cancern, zo7 of Phrynosoma meallli, 227
status of, 2o, 210 of Rana preliosa, 114
taxonomy of, zag Huwinboldt Bay Hational Wildlife Refuge, 79
threats faced by, 210 Humboldt County General Flan, 81, 171
trends in abundance, 210 Hydromaonles platypcephalus, 39, 169
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imperial Valley, G2

introduced species, impact of, 4, 83, 104, 133, 183-84,.
190, 232, 301-3, 108

invasive species, 30, 40, 89, 134. 184-35, 303

Inyo Mountains szlamander. See Balrachoseps campi

Kathleen, Hurricane, 12z
Kawcah River, 152
Kern River Canyon, 158-5g
Kinosternon sororiense, 304-9, 104 (0
clutch sizas, 106
declineof, 108
diet of, 3006
distribution of, 305{m], yo7
feeding habits of, 306
habitat less of, 309
habital requiremenls, yoG-7
headstarting program, 308
hibernalion of, 306
identihcation of, 3046
life history of, 306
management recommendations, 308
moniloring, research, and survey naeds, 308-¢
population densities, 306
repraductive maturity, 306
risk faclors, 3o4{t)
status of, 304, j08
taxonomy of, 106
terrestrial movements, 306
threats faced by, 308
trends in abundance, 307 §
Klamath- Sickiyou biarepien, (39
Klauher, L.M., 68

Laguna Dam. 308

Lampropeltis multifasciata, 172

Lumpropeltis zongte parwrubra, 16y, 372
Lampropeltis zonata pulchra, 369, 372
landscape genetics, 45, 146

Lland use. eonversion 16 agricullure. 302
Lassen Yolcanic National Park, 140

lesser slender salamander. See Batrachaseps minor
Linepithema humile, az1-23

livestock grazing, influence of, 74

Lower Colorado River, 121 23, 216

lowland leopard frog. See Ranz pavepaiensis
Lucas Crook, i50

marijuana cullivation, 15, 55-58. 81, 83, o ou.
170-72
Masticophis flagelfum ruddocki, 271-74, 271{f}
climate change, impact of, 2 74
denning activity, 273
diet of, 271
distribution af, z7z(mj. 273

habitat requimrmnents lor, 273
identifcation of, 271
life history of, 273
management of, 274
mating season, 273
milechondrial DMA aznalysis, 273
moniloring, research, and survey needs, 274
mortality of, 274
preyof. 273
a5 Priority 2 Species of Special Concern, 271
risk factars, 271(t)
status of, 271, 274
surface aclivity, 2373
taxonomy af, 273
threais faced by, 27374
trends in abundance, 273
Masticophis fuliginosus, 275-78, 27540
climate change, impact of, 278
diet of, 2777
distinctiveness of. 275
distribution of, 276{m), 277
diurnal behavior, z77
foraging behaviar, 277
habilat requirements for, 277
hatchlings of, 277
home range sizes, 277
identification of, 275-77
life history of, 277
managemeni of, 278
mating activity, 277
mitechondrial DNA analysis, 277
monitoring, research, and survey needs, 278
prey of, 277
as ['riority 3 Species of Special Concern, 273
radictelemetry of, 277
risk faclors, 275{t)
status of, 275, 278
laxonomy of, 277
threats faced by, 278
wrends inabundaoce, 278
Mattole Waterched, 5455, 88, 160-70, 177
McCloud River, 160
Mendocino National Farest, 8a
Mezquite Mounrains, 216
metapopulaiion dynamics, 11, 41, 63, 74~75, 98, 114,
141, 185, 238
Mexican beaded lizard. 5ee Helodermin horridum
migration of specics
assisted mugraton, z3c
corridors for (See habitat corridors)
for ensuring gene flow, 231
migmtlnn tunnels, 42
Mojave Desert, 3,34-15. 149, 189, 223, 236, 269, 273
Mojuve fninge-toed lizard. See Uwma scoparia
Majave glossy snake. See Arizona elegens candida
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Mojave River, 300

Monterey peninsula, 186

morlality, read-associated, 41-42

meuntain yellow-legged frogs. See Rena muscosa;
Rana sierrae

Mount Laguna. 372

Mount Lyell web-togd salamander. See Hydromantes

Platycephalus

Natural Community Conservation Plan {NCCI'}, 5, 11,
190, 232

nominee taxa, scoring af, 12

nonnative plant species, 213

narthern leepard frog. See Rana pipiens

northern red legged frog. See Rana aurora

northern western pond turtle. See Emys marmoraia

Narth Fork Feather River, go

Narthwest Forest Plan, 372

nuclear DNA markers, 105, 100, 199, 277

Ocetillo Wells State Vehicular Recreatian Area, 227-
28, 30
Odocoileus hemionus craoki, 63
Old-grooveh Wildlife Project, 169
orange-throated whiptail. See Aspidoscelis hyperythro
Oregon spotied frag. See Rana pretiose
oviparous reptiles, 204, 281
Owens River, 109
Owens Yalley, 39, tog
web-loed salamander [See Hydromantes

platyrephaius)

Pacific breefrag. See Peevdacris regitla
Panamint alligator lizard. See Elgaria panaminting
Peninzula Open Space Trust, 145
peninsular leaf-toed gecka. See Phyllodactylus nocticolus
Pepperwood Creck. 17g
Phrynosoma biginvillii, 218-24, z18([)
agricullure and development, impaci of, z22
breeding season, 220
cattle grozing and, 224
climate change, impact of, 223
deaths due to predation, zz1
diets of, 223
distributien of, 219 (m), 2z1-22
diurnal activily, 2zo
effects of wildfire on, 223, 224
habitat requirements, 221
identification af, 218-19
life history of, 220-21
managementof, 223
microhahitat preferances, 221
mitechondrial DNA analysis, 220
monitoTing, resaarch, and survey needs, 223-24
pitfall trapping, 221
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population decline, zz2z

as Priority 2 Species of Special Concern, 218

radic tracking of, 221

reproductive activity, 220

risk factars, 215{t}

road moriality, 221

scxual maturity, 2zo

status of, 218, 229

surface aclivity, 221

survival rates, 2z1

Laxonemy of, 220

thermarepulation, 221

threats Gaced by, z22-23

trends in abundance, 2az2
Phrymosoma mealll, 225-33, 225(F)

breeding activity and egg laying, z27

breeding seazan, 227

clutch size, zzy

daily activity patterns, 227

diet of, 228, 231

distribution of, 22G(my}, 229

habitat less and fragmenlation, 230

habital requirermnenis, 22829

hibernatian, 227

identification of, 225~27

life history of, 227-28

management of, 231-12

mark-recapture sludies of, 230, 232

moniloring, research, and survey needs, 232-133

martality, causes of, 230

phylogeagraphic study of, 227

populations ol 2z

predators af, 228

as Priority z Species of Special Concern, 225, 231

radictelemetry studies of, 22728

renewzble energy projects, impact of, 231

risk facars, 225(1)

scat counts, 232

sexual maturity, 228

shade-seeking hehavior, 227

slatus ol, 225, 231

surface activity of, 227

survivership of, 228

taxonomty of, 227

threats faced by, 23031

trends in abumilance, 229—30
Phrplledactylus nocticolus, 248
Phylogeography. 45, 166, 194, 241, 309
pitfall trapping. 1535, 173, 199, 2an. 221, 258, afhs
Pituophis ealeniftr pumilis, 369
Plestiodon skiltonianus interparietalis, 369
Plethodon asupak, 170
Plethodon elongatus, 169, 172

hahitat, 372

Limber harvest, impact of, 372



Plethodon siormi, 370
Prairie Creek Redwoods Stake Park, 70
Pseudacris regilln, 75

tadiatelemetry, 67, 87, 2. 105, 228, 259, 262, 264, 277,

278, 288
Rana aurora, 77-8%, 77N
artificial habitats, §o
brecding activity and egg-laying, 7g. 81
breeding season, 7¢
in ¢oastal streams, o
distribution of, 73(m), 8o
embryonic development, 79
habitat equirements far, 790—8a
identihcation of. 77-79
impact of
agriculturzl and residential development, &1
climate changes, 82
farest conversicn, 30
habitat less and degradation, 81, 83
marijuana cultivatian, 8r, 83
pesticides and herbicidas, 81
sealevel-rise, 83
life history of, 7g
management of, 83
mesacosm experiment, 82
metamarphesis al. 79
mopnitaring, research, and survey needs, 8
population decline, $0-81
predaters of 81, 83
as Priority 2 Species of Special Cancern, 77, 82
radin tracking of, 8o, 81
recolonization of, Bt
risk factors, 77{t)
saltwater tolerance, 83
status of, 77, 8z
taxonomy of, 79
terrestrial versis aquatic life stages, 3z
threats faced by, 8182
trends in abundance, 8o-81
Rana bopii, 53, B4-92, 84(0)
breeding activity and egg-laying, 86
breeding and ovipositian, &7
cannibalistic behavior, &7
distribution of, Bs{m}, go
extirpations, 8g
food resources, 87
habital requiremenls for, 87-88
hydrological ellects, gz
identificalion of. §4-86
larvae of, 87
life history of. 8G-&7
management of, gr-gz
metarmorphosis of, 87
monitoring, research, and survey needs, ga

movements to or from breeding siles, 87
onset and duration of breeding, 36
pesticides and herbicides, impact of, go
pepulation dynamics, 2
as Priority 1 Species of Special Concern, 84
radiotelemetry studies, §7, 0z
risk factars, 84t}
skeletochronology of, &7
in snowmelt-lfed streams, o1
status of, 84, g1
survivorship of, ga
taxanamy of, 86
threals faced by, $9—g1
trends in abundance, 89
Rana cascadae, 93 09, 91{0)
breeding activity and egg-laying, 95
dist af, g5
distribution of, 94{m], 6
emhbryo development, g5
habitat loss and modification, g7
habitat requirements, g5—g6
identihcation of, 93-g95
isalation-by-distance model of gene flow, g
life history of, g5
management of, g§-9g
monitoring, research, and survey needs, g
mortality of, g7
pesticide use, limpact af, o7
population dynamics of, 96, g8
predators of, 96, g7
as Priority 2 Species of Special Concern, 93
recolonization of, ¢%
risk factors, 93 (1)
status of, g3, 98
taxonamy of, g5
threats Licad by, g6-98
trends in abundance, o
UV-B radiation, impact of, g7, 98
Rana draylonii, 1o0-105, 100{f)
breeding activity and egg-laying, roz
breeding season, 103
diet of, toz
distribution of, 121{m). 1034
effect of introduced species on, 104
elevational ranga of, 104
foraging behavior, 102
habitat requirements, ro2—3
impact of
cattle-grazing, 105
climate change, 1045
pesticide use, tog
urbanization and agriculture, 104
larvae of, 102
life histery of, 162
management of, 105
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mitechondrlal DNA variation, 102, 105
maonitoring, research, and survey needs. rog
population trends of, 103—4
prLey types. 102
a5 Priority t Species of Special Concern, roo. 1og
radintelemetry studies, 105
risk factors, roo|i)
status of, 109, 10§
taxonomy of, 1oz
threats faced by, 104
trends inabundance, 104
LISEWS recovery plan for, ras
Rana muscosa, 370
Rana pipiens, 106-111, 100{[]
distribution of, 1a7{mj}, 168 g
habitat requirements, 168
identification of, roG-§
impact of
climate changes, 109
habitat modification, 1og
livestack grazing, 109
pesticide use, 109—10
life history of, 108
management af, e
mitechondrial DNA variation. (1o
monitoring, research, and survey needs, 110 n
morphology and wcalizations, 108
moriality of, 10
as Priority 1 Species of Special Cancern, 106
tisk factors, oG (1)
status of, 106, 110
taxonomy of, 108
threats faced by, 109~10
teends in abundance, 100
Rara pretiosa, 112—18, 112(F)
breeding activity and egg laving, 114
distribution of, 113(m), 15-16
genetic differentiation and population structure,
ry-ig
habital requirements, tr4-ts
hibernation. 114
identification of, 1712-14, 117
life history of, 114
management of, 117
mitochondrial DMA variation, 104
monitering. research, and survey needs, 117-18
prey of, 114
as Priority 1 Species of Special Concern, w1z, 117
risk factors. 11a(t)
status of, 112, 117
survivarship of, 114
taxanemy of, (4
threats faced by, 116—-17
trends in abundance, 116
Rane sierrae, 170
ranavirus infections, 45, 146-41
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Rana yovapaiensis, 119-24., 109{f)
coloration of, 1z1
diseasrs, 122
distribution of, (2o(m), L2z
habitat requirements for, 121-22
hybridization of, 122-23
identification of, 119-21
larvae of, 123
life history af, 21
managementof, 123
meolecular markers, 123
molecular phylopenic analyses, 123
monitaring, research, and survey needs, 123—24
natural vulnerability, 123
population decline, 13223
causes of, 124
predators of, 122-23
as Priarity 1 Spacies of Spacial Cancern, 1
reproductive hiology of, 121
rigk faciors, 119 (Y
salt iolerance in, 123
status of, n1g, 123
taxonemy of, 121
threats faced by, 122-23
trends in abundance, 1zz
range maps for cach species, development of, 17{m}
rad-balliad newt. See Taricha rivularis
Red Creek, Tehama County, 88
ted diamond rattlesnake, Soc Crotalus raber
red-eared slider. See Trachemys scriphn elegans
regal ring-necked snake, See Digdophis punclatus
regalis
rclictual slender salamander. See Bawrachoseps refictus
relocatian pregrams, genetic consequences of, 42
Rivpacptritgn variegatus, 166—75, 166{0)
breeding activities and epp laying, 168
breeding season, 168
clutch size, 168
coastal populations, 171
diet af, 16y
distribution of, 167(m}, 16g-70
geographic ranges and genetic distincliveness, 168
habitat loss and degradation, 171
habitat requicrements for, 165
identification of, 166-68
impacts of
climate change, 170
herbicides and pesticides, r1
marijuana cultivation, 170-72
roadhuilding, 7=
Limber harvesting, 7o
landscape genetic studies of, 173
larvae of, 168
life histery of, 16865
management of, 172
milochondrial DNA analysis, 168



moenitoring, research, and survey needs, 172-71
pitfall trapping, 73
as Priority 1 Specics of Special Concern, 166
risk factors, 166(t)
sexual maturity, 168
status of, 166, 171-72
in stream channel, 169
taxonomy of, 168
thermal wlerances of, 109
threats faced by, 17a0-71
trends in abundance. 170
river management, gI-g2
road cansiructien, impact af, 41—42, §5-56, 150-Go,
104
Roundup®, 110

Sacranento Valley, 300
Salinas River Valley, 86, 38
Sabvadors hexolepis virgulter, 27984, 27910, 368
climate change, impact of, 283
diet of, 281
distincliveness of, 281
digtribution of, 280(m), 282
genetic analysis of, 281
habitat requirements, z8z
identifcation of, 27g
life history of, 281-8z
managemenl of. 283
maniloring, research, and survey needs, 28384
movemnent ecology of, 281
population decline, 282
prev of, 281
as Priority z Species of Special Concern, z7g, 283
risk factors, 279 (1)
status of, 279, 283
taxonomy of, z81
threats faced by, 281-82
San Berpardine Mountaing, 133
San Diego banded gecko. See Coleonyx variegaius
abbotti
San Diego Multiple Species Hahitat Conservation
Plan, 31
sandstone night lizard. See Xantusia gracilis
San Felipe Creek drainage, 121—23
San Gabriel Mouniains slender salamander. See
Batrachoseps gubrieli
San Gabrie] River, 301
San [oaquin coachwhip. See Masticophis Tagellum
ruddocki
San [oaquin Valley, 271, 30
San Luis Obispo County, 153
San Sebastian Marsh, 122
San Simeon State Park, 287-88
Santa Catalina Mountains, jo&
Sanla Cruz black salamander. See Aneides lovipunctatus

niger

Santa Cruz Island, 369
Santa Cruz [sland gopher snake. See Pituophis catenifer
prmilis
Santa Cruz Mountains, 144—45, 163-064
Santa Lucia Mountains, 145, b4
Santa Ynez Mountains, 184
Saproglenia. 82
Scaphiopus couchii, 125—29, 125([)
breeding activity and egg laying, 127
breeding season, 127
development rate of . 27
distribution of, 126{m}, 127-28
emergence hehavior, 127
foraging behavior, 12y
habitat requirements, rzy
identiRcaticn of, 125
lifix history of, 127
management of, 128-29
metamorphosis of, 127
monitoring, research, and survey needs, rag
movemneni ecolegy of, 129
natural breeding sites, 129
physiclogical limits of, 128, 129
populalion dynamics of. 128
as Priority 3 Species of Special Concern, 125
rick Factors. r25{t)
status of, 125, 128
Llaxonommy of, 127
terrestrial habitat, 129
threats faced by, 128
trends in abundance, 128
Scott Bar salamander. See Methodon asupak
septicetnia, 73
Sierra Mevada, 11, 253, 2069
Sierra night lizasd. See Xanlusia vigilis sierrae
Sigkiyou Mountaing salamander. See Plethedon stormi
Six Rivers Mational Foresl. 108, 170
Smith River, 168
snake trapping, 259
Sonora mud turtle. See Kinoslernon sanorignse
Sonoran Desert toad. See Bufo alvarius
southern California mountain kingsnakes. See
Lampropeltis multifasciata; Lompropeltis zonatn
porvirubra
southern long-toed salamander. See Ambysioma
macrodoctplum sigillaium
southern torrent salamander. See Rfyacetriton
variegatus
southern western pond turtles. See Emys marmorata
Southwest Climate Science Canter, 44
Spea bammondii, 13035, 130 ()
brecding activity and egE laying, 132
breeding aggregalions, (32
breeding season, 132
development of, 133
dietof 133
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distribution of, 13r(m), 133 projected impacts, 12, 12 ()

growth rate of, 132 range size. g, gt}
habitat requirements, 133 vulnerability o climate change, 11, 11{1)
identiRcation of, 130 scering af nominee taxa, 12
intraspecific variation in. 132 Spearman's rank corcelations, 23{t)
larvae of, 132-33 total scoreftotal possible for taxa evaluated for, 21([}
life history of, 132-13 watch list of, 13, 368—70
management of, 134-35 spiny softshell turile. See Apsfone spinifera
melamorphosis of, 173 spring snowmeHh, 11, 56, 90, I71
migration patlerns and distances, 135 State Wildlife Action Flans {SWAP), 5
mitochendrial DNA, 130 Sternotherus odoratus, 306
mitochond rial Introgression, 132 Stevens Creek watershed, 177
monitoring, research, and survey needs, 35 stinkpot turtle, Sce Sternotherus odoratues
movernent and surface activity, 133 stream-breading amphibians, 164, 178
natural vernal pool phenalogy, 135 stream hydrelogy. 9o, 178
predators of, 133 Susan River, 300
48 Priority 1 Species of Special Concern, 13o
risk factars, 130{t} Tantitla planiceps, 372-73
sexual characters, 132 ecological requirements, 173
status ef, 130,139 habilat requirements, 372
survivership of, 133 natural histery of, 372
taxonomy of, 130-32 population densilies, 372
threats faced by, 134 Taricha rivitaris, 17477, 124 ([}
trends in abundance, 133-34 aqualic breeding habilats, 177
Species of Special Concern breeding activities and egg laying, 175
aqualic or lerrestrial habitat of, 27{I) brerding season, 176
committed to extinction, 45 bufler protections, ecological effects of, 178
comparison of, 37[t}-38 1) diet of, 177
congervalion-relaled research, 44 distinclivensse of, 170
criteria for listing, 5 distribution of, 175{m|, 77
definitionof, 8, 9 eltects ol climate change on, 177
distribution of, 34 {m) habitat koes aiid fragmentalion, 1758
down-grade stalus, 36 habitat requirements for, 177
ecnlogical patterns in metric scares, 3o identification ef, 17476
ecaregion of, 26{m} life history of. 176—77
endemic and near endemic species, 33{t) management af, 178
geographic patterns in, 12—36 mitechondrial DMA analysis, 176G
identificalion of, 4 monitering, research, and sucvey needs, 179
list ef amphibian and reptiles, zo (1) -z21{t) riortality and habitat degradation, 178
museurn collections and other data sources, 16t} as Priorily 2 Species of Special Concern, 174, 178
nominee list, developiment of, 8 risk factors, 74 {t}
number of taza in each status category among, z24f) sexual maturity, 176
accurrence of, 36{m) status of, 174, 178
patterns in the metric scores for, 2325 taxonomy of, 176
principal components analysis of, 22 ternperature tolerances of, 177
public commen, 12-13, 25, 367 threats faced by, 17778
ranking and determination of, 13 trends in abundance, 177
ranking scotes amang. ag Taricha Lorose, 180-85, 180 ([}
reptile and amphibian taxa under, 30 (I} aquatic breeding habitats, 1Bz
research, survey, and moniloring needs, 4348 breeding activities and egg laying, 182
risk metrics of, 8-12 distribution af, t31{m), 183
distribution trend, 9-10, 10{1) habital corridor, 185
ecological tolerance, 1011, 11{t) hahitat requirements for, 133
endemismn, 10, 10(t) identification of, (Bo-&z
population concentration and migration, 10, ot} larvae of, 18283
population trend, 11, 1z{t) life history of, 1B2-89
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management of. 185
metapopulation dynamics, 185
monitoring, research, and survey needs, 185
predators of, 184
as Priority z Species of Special Concern, 180, 185
tisk faciers, 18a(t)
road mortzlity, 185
statuz of, 180, 135
stream- and pond-hreeding sites, 185
survivaeship ol 134
taxonomy of, 182
threats faced by, 18485
trends in abundance, 183-84
Thamnophic hammondii, 285—qe, 2851}
tlimate change, impact of, 289
distinctiveness of, 287
distribution of, 286{m), 288-8¢
foraping and basking activities, 287
habitat and movement ecology, 58
habitat requirements, 288
igentification of, 28587
lile history of, 287-88
managementof, 290
mating activities, 287
monitoring, research, and survey needs, zgo
prey of, 288
a5 Priotity 2 Specics of Special Concern, 285
radiotelemnetry study of, 288
risk Jactors, 285(1)
status of, 285, 290
surface activity, 289
taxonomy of, 287
threats faced by, 28¢
trends in abundance, 28g
Thamnophis sirtalis, 291-95, 214
captive breeding, 205
diet of, 254
diztribution of, 292}, 204
extirpations and population declines, 294
habitat requirernents, 294
identification of, 291-g3
impact of
climate change, 295
flocds, 294
nonnalive species, 295
life histary of, 293-94
managementl &f, 295
monitoring, research, and survey needs, 295
as Priority o Species of Special Concern, 254
risk factors, 291t}
sexual maturity of, 293
status of, 291, 295
taxonomy af, 293
threats faced by, 294-95
trends in abundance, 294
Thousand Palms Qasis Preserve, z3o

timber harvest, impact of, 55, 41, 55-57. 82—83.159- 6o,
164, 109—70, 172,178, 372

Tioga Pass meadow, 72, 73

‘lorrey Pines State Reserve, Point Loma, 258

Trachemys scripta elegans, 298, 102, 397

translocation of animals, 42—43

Truckee River, 30

Tule River drainage, 158

turtle trapping surveys, 307

two-striped garter snake. See Thamnophis hammondii

Uma norata, 234-38, 234 (D)
climate change, impact of, 237
distinctiveness of, 236
distribution of, z35(m}. 237
habitat less and fragmentation, 237
habitat requirements for, 237
identification of, z34-36
life history af, z36-37
management of, 237-38
mitochondrial DNA analysis, 236, 238
moenilering, research, and survey needs, 235
rprtality, causes of, 237
as Prierity 2 Species of Special Concern, 234
recolonization of, 238
risk factors, 234 {t)
stalus of, 234, 237
taxonomy of, 236
threals faced by, 237
trends in abundance, 237

Umn stoparic. 239-45. 230 (1)
breeding activity and epg laying, 242
breeding season, 241
burmowing and sand-swimming behavior, 242
clutch size, 242
dietof, 242
distinctiveness af, z41
distribution of, 240 (m}, 242-43
effects of climate change on, 243—44
efficiency at capturing pray, 243
extirpaiions of, 243
habitat loss and fragmentation, 2.43
habitat patches, for long-term perdistence, 242
habitat requirements, z42
human-assisted translecation, z44, 245
identification of, 239—41
life history of, 241-42
management of, 244
mitochondrial DNA analysis, 245
moniloring, rescarch and survey nceds, 244 45
naise pollution effecis, 244
phylogenetic analyses of, 2.4t
population size and density, 242, 24445
as Priority 3 Species of Special Concern, 239, 244
push-up behavior, 241
quality of available food, 242

inpex  38Q



risk factors, 230(t)
status of, 239, 244
laxonamy af, 241
threals [aced by, z43-44
trends in abundance, 243
United States Department of Agriculture (USDA)
ecoregion subsections used in developing range
maps, 18{m}
urban development, impact of, 3oz
1J5 Fish and Wildlife Service {USFWS), 45, tas
S Forest Service, §
Old-growth Wildlife Project, 169
US Geolapical Survey (USCS), 258

venomaoug reptiles
Bufo alvarius, 59—bg4
Crotalus ruber, 260-G65
Heloderma suspecium, 212—17
predator aveidance mechanism, z15

Warner Mouniains, 115—-17
watch list, of Species of Special Concern
Baja California rat snake, 368
California tiger salamander, 368
Coronado skink, 309
Del Norte salamander, 369-—70
large-Hlotched ansatina, 169
mountain yellow-legged frogs, 370
Mount Lycll web-toed salamander, 369
orange-throated whiptail, 168
QOwens Valley web-taed salamander. 16g
Santa Cruz Island gopher snake, 3569
sputhern Califorma mountan kingsnakes, 3169
yellow-bloiched =nsatina, 368-6¢
western black-headed snake. S¢e Tanhillo planiceps
western pond turtle. See Famys moarmorata
western spadefoot, See Spea hammongil
wildfires, 164, 184, 195, 210, 223, 258, 28
Wildlife Actien Plan {Califernia), 5
wildlife corridars. See habitat corridars

Xoniusia gracils, 246-49, 246(f)
behavioral dillerences in captivity, 248
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distinctiveness of, 248

distribution of, 247{m}. 248

habilal reqquirements, 248

identification of, 246-48

life history af, 248

management of, 249

menitering, research, and survey needs, 249
as Priarity 3 Speries af Special Concern, 240
risk fartors, 2.46(1)

status of, 240, 249

taxonomy of, 248

threats faced by, 249

trends in abundance, 24849

Xantusia henshoawd, 199
Xemlusia vigilis sierme, 250-54, 250(0)

daily activity cycles, 252
diet of, 252
distribution af, 251{m), 253
elevational range, 253
habitat requirements far, 252-53
identification of, z50-52
life histary of| 252
management of, 253
migralion corridore, 254
mitochondrial and nuclear DNA sequence, 252
monitoring, rescarch, and survey needs, 253-54
phylogengraphic/species houndary, 253
as Priorily 1 Species of Special Concern, z50
risk factors, zso(t)
sexual maturity of, z52
status of, 250, 253
taxonemy of, 252
threats faced by, 253
trends in abundance, 253
Xantusio wigginst, 373

yetlow-blotched ensatina, See Ensatina eschscholizii
eroceater

yellow-legped frogs. See Rang boylii

Tosernite National Park, 71, p4-70

Yosepnite toad. See Bufo canorus

Yuma Desert, z32









Vanoer wait £r o . DngpersaL or Jaseua TREE sEtbs

came habiwt as these yuccas, and it is poseible that a frac-
tiom af the yucea eeeds are scalier hoanded by rodents and
that rodenis might serve as diepersal apenis for these yurcas.
Some alernative means of seed dispersal have been sup-
gested. [n 1BSY, William Treleass wrote of Joshua tree fruits
that “their rounded forn and very lig specific gravity ren-
der them well developed “tumble fruits' and point to their
dissemninaiion acress the desert by the aid of sirong winds
1hat prevail there,” A number of authors state that yuccas
{i.e., Y elava, ¥ fitamentosa, T whipplei, and ¥ glowea) are
windgravity dispersed {Powell & Mackie, 1966, Wallen &
Ludwig, 1978; Aker, 1982; Dodd & Linharl, 1994, Massey
& Hamrick, 1998; Huth & Pelimyr, 2000), b the e ffeciive-
ness of this mechanism has never been assessed. Wallen and
Ludwig (1978) suggested thal ¥ haccata iz dispersed by
herbivores, bul did not present conclusive ewidence. Yealon
el of. {1985) alse nated that X schidigera, i addition to
¥ boceada, i disperied by veriebrate meaps, bur nesther
produced evidence er specified which vemebrales. Janzen
[198£) suppesicd thal the seeds of T decipiens in Lhe south-
ern Chihuahuan Desert, Mexico, might have been dispersed
by extinet megaiawns,

A novel and imporiant reproductive fealure of some
Hucea species 15 The production of sndehiscent seed pods.
This is a derived condilion, nested within the Agavacene,
while all other members have dry, dehiscent capsules. There
arg bwo types of indehiscence: one found 10 1he fleshy-
frutled yuccse of the zection Sarcocarpa and the ather in
the spongy-fiuited Yucea brevifolia, the sole member of the
sezlion Clislecarpa, Developmentelly, they duTer 1o that the
mesocarp layer thickens in sarcacamps, whereas the exocarp
layer thickens in ¥ Grevyfolia, creding a less deee Tul m
the latter. Many yucea gpecies prodoce dehiscent seed pods,
and these may well e dispersed by wind or some other ahi-
alic veclor, bul it iz unclear how eeeds from the species with
indehiscent pods are dispersed. The yuccas with indehiscent
pods produce relatively large seeds that would appear to be
sought after by granivores, however. The conjunciion of
these two traits, indehiscent pods and large scxds, led us 10
bypotbesize thai these yuecas, which include Joshua tree,
are dispersed by seed-caching rodents that cemove the seeds
directly from pods. The goal of this study was to assess
whether Joghua ree, ane of the mest familiar and impartam
yuccas in the southweslern Uniied Siates, is dispersed by
seed.caching rodenis.

Methods

We srudied whe dispersal of Joshua tree seeds ar Poros
Wash on the soulhwest slope of the Spnng Meuntains,
about 58 km sonbwes of Las Vegas, Clark Counry, Mevada
{35° 57'W, 1157 33' w, elev, L660=1700 m). The site is
Mojave Desen scrob dominated by blackbnch {Caleagme
ramorisrima), Mevada cphedra (Ephedrn newadensis), des-
e almond {Primus fascleulala), and erecarae bush {Larmea
tricentata), with moderalely dense populations of loshua
tree and banana yucca (¥ Barcata) just below pinon-jum-
per woodland. The site is federal land administered by
the US Drepartment of Agriculture, Forest Service and US
Depariment of the Interior, Bureau of Land Managemenl. We
studied seedling recruitment of kshua gee along Walking

Sy

Box Ranch Road off Nevada rowte 164 about 12 km west of
Scarchlight, Nevada.

On 15 August 2002, we placed 200 Joshua tree secds
around #ach of two source plants (=20 seeds at each of
L0 scrapes in the soil within 1 m of the tree trunk). On 26
Sepiember 2002, we placed three mare batches af 200 saedx
under three other source plants m a similar faghion. Seeds
weare numbered individually and labelled with radioactive
scandinm, a gamme-emitting radionuclide with & hati-life
of B1.8d. Scandwm is biologically inerl {does not pass
through the food chain), decays to non-toxie, non-radioa-
tive tilanium, and appears harmless o mdents and seeds,
The way we presenied seeds was unniatural, but it is not fea-
sible [0 present radinactively |abelled sexds within pads and,
in this sindy, we ware interested in the dispersal process, nol
how seeds might be harvesied from pods. We relumned the
day afler deploymg seed b check seed faies. We collecied
unharvested seeds and then searched far missing seeds
uging Geiger counters, Bllowmg the procedure of Vander
Wall {2002). We excavated caches w determine number of
seads and borial depth. We recorded the numbers on the
seeds and eeturned them to the cache sites. We recorded
caching mucrehahitat {under shruk [> 10 em from cenopy
edge], edpe of shrub [« 10 cm of canopy edgel. or space
becwesn shrube [ 10 ¢m from ¢anopy adge]) and sulsirate
{mineral soul or plant liver) and measured the coordinates
of ceche swes using the source plant as the engin of 8 graph
space and candinal direclions as axes. We retumed to syume
plants laler im Ihe fall of 2002 and spring of 2003 and resur-
veyed Lhe area Lo determine which caches were present and
la gearch for new {secondary} caches. Afier the lasi survey,
all remairung Labelled seeds were gathered and disposed of.

Doring fall 2003, afler production of relalively lage
swed crops, we monitored fruitz of Joshua Lree, banana
yucca, and Mejave yucca ot our Polosi Wath study site and
al Wallace Canyon in the Spring Mountains of southern
Hevada ta delermine how seeds might be removed. Like
Joshua tree, banana and Mojave yucces produce indehiscend
seed pods with relaiively lamgs seeds.

Ta delennine yodenl spocics compusition snd relative
abundances at the Potosi Wash site, we lrapped rodents
on the ewenings of M0 April axd 1 May 2003, We used 9%
Sherman Yive traps in a 7 * 7 grid with 12 m spacing and
2 traps al each pomt. Two trapping grids were Jzid out, one
lacated in bumed shrublands and the other in unbumned veg-
etation. Bait consisled of mixed bird seed. We balted and set
traps just before dusk, and we checked and clased 1raps at
dawn. Trapping sessions lasied two nights.

Vie comducied seed permipation (riake using Joshua tres
seeds gmhered from Carpenter Coanyon {Spring Mountaing,
southern Wevada) in October 2001, We removed seeds fram
pods and placed them in water; seeds that faed were con-
sidered inviable and were discarded. We also excluded ey
seeds with visible damage from malh larvee. Viable seeds
were air ded and atored in paper hags.

To prevent pilferage by rodents, we condoeted sceil
germination expenments within proleclive exclosures con-
structed with & mm hardware clath 50 % 50 % 20 cm high,
buried 10¢m deep in Lhe soil. In each cage, we planted seeds
=3 cm deep in & $ = 10 grid. Wire mesh hids wee placed
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Procedures for Discharges of Dredged or Fill Material to

Waters of the State

l. Introduction’

The mission of the State Water Resources Control Board and the Regional Water Quality Control
Boards (Water Boards) includes the preservation, enhancement, and restoration of the quality of
California’s water resources for the protection of the environment and alf beneficial uses for the benefit
of present and future generations. In accordance with the Porter-Colegne Water Quality Control Act
{(Water Code, § 13000 et seq.), the Water Boards are authorized to regulate discharges of waste, which
includes discharges of dredged or fill material, that may affect the quality of waters of the state. As
described below, waters of the state include some, but not all, features that are defined as wetlands, as
well as other features, including the ocean, lakes, and rivers. These wetlands provide environmenial
and economic benefils to the people of this state, including fleod and starmwater control, surface and
ground water supply, fish and wildlife habitat, erasion control, pollution treatment, nutrient cycling, and
public enjoyment. Wetlands ameliorate the effects of global climate change by providing floodwater
starage, sequestering carbon, and maintaining vulnerable plant and animal communities. Many of
these invaluable areas statewide have been lost to fill and development. Presently, wetlands are
threatened by impacts from increasing population growth, land development, sea level rise, and climate
change. These Procedures for the Discharges of Dredged or Fill Material to Waters of the State
{Procedures) conform to Executive Order W-58-93, commonly referred to as California's "no net loss”
policy for wetlands. In accordance with Executive Crder W-59-83, the Procedures ensure that the
Water Boards' regulation of dredge or fill activities will be conducled in 8 manner “lo ensure no overall
net lass and long-termn net gain in the quantity, quality, and permanence of wetlands acreage and
values..." The Water Boards are committed to increasing the quantity, quality, and diversity of
wetlands that qualify as waters of the siate.

These Procedures contain a wetland definition in section [l and wetland delineation procedures in
section NI, oth of which apply to all Water Baard programs. The wetland definition encompasses the
full range of wetland types commonly recognized in California, including some features not protected
under federal law, and reflects current scientific understanding of the formation and functioning of
wetlands. These Procedures also include procadures for the submiaaion, review and approval of
applicalions for activities that could result in the discharge of dredged or fill materig! to any waters of the
state in section IV. The Procedures include elements of the Clean Water Act Section 404({b)(1)
Guidelines, thereby bringing uniformity to Water Boards' regulation of discharges of dredged or fill
material to all waters of the state. The effective date of these Procedures shall be May 28, 2020,

II. Woetland Definition

The Water Boards define an area as wetland as fallows:

An area s wetland If, under normal circumstances, {1) the area has conlinucus or recurrent saturation
of the upper substrale caused by grounuwaler, ar shaillow surface waler, or bolh; (2) the duralion of
such saturation is sufficient to cause anaerobic conditions in the upper substrate; and (3} the area's
vegelation is dominated by hydrophytes or the area lacks vegetation.

' [NOTE Thase Procedures wil be Incorpersiad into the Waler Quality Gontral Plans or (1) Inland Surface Waters Enclosed Bays and
Estuanies for waters for which water qualily standards are raquired by ihe Federal Waler Pollution Gontrol Acl and acts amendaiary thereof or
supplementary thereta and (2) Ocean Watars of Callfomia. Future incarporation of the Procadures, as adopted, into the water quality coniral
plans will be considered non-substantive amendments. Al thal fime formatling and gther argenizational edils necassary for incorporaiion inta
the water guallty confrol plans will be addressed )

AGOPTEQ ALl £, 2ULY rage | 1



Procedures for Discharges of Dredged or Fill Material to

Waters of the State

39 The Water Code defines “waters of the state” broadiy to include "any surface water or groundwater,
40  including saline walers, within the boundaries of the state.” “Waters of the state” includes all "waters of
41  the U.8."? The following wetlands are waters of the state:

42 1. Matural wetlands,

43 2. Wetlands created by modification of a surface water of the state,® and

44 3. Arificial wetlands?® that meet any of the following criteria:

45 a. Approved by an agency as compensatory mitigation for impacts to other waters of the state,
456 except where the approving agency explicitly identifies the mitigation a5 being of limited

a7 duration;

48 b. Specifically identified in a water quality control plan as a wetiand or other water of the state;
45 ¢ Resulted from historic human activity, i1s not subject to ongoing operation and maintenance,
a0 and has become a relatively permanent part of the natural landscape; or

a1 d. Greater than or equal to one acre in size, unless the arlificial wetland was constructed, and
52 is currently used and maintained, primarily for one or more of the following purposes {i.e.,
53 the following artificial wetlands are not waters of the slate unless they also satisfy the criteria
o4 set forth in 2, 3a, or 3b):

55 i.  Industrial or municipal wastewater freatment or disposal,

56 ii. Settling of sediment,

57 iii. Detention, retention, infiltration, or treatment of starmwater runoff and other

58 pollutants or runoff subject to regulation under a municipal, construction, «  dustrial
58 stormwater permitting pragram,

a0 iv.  Treaiment of surface waters,

61 v.  Agrcultural crop irrigation or stock watering,

62 vi. Fire suppression,

63 vii.  Industrial processing or cooling,

64 viii.  Aclive surface mining — even if the site is managed for interim wetlands funclions
65 and values,

! Therafors, wellands thal meet the current definition, ar any histaric dafinilion, of waters of tha LS. are walars of tha siate. In 2000, e Stala
Yaler Resources Commol Board detemmined that all waters of the LLS. are ako walers of the slate by regulation, prior to any regulatory or
Judicial limliatians on the federal definition of waters of the U.S, (Californla Code or Regulalions tile 23, sectton 3831(w).) This regulzilon has
remained in elfect despite subsequent changes ta the {federal definition, Therefore, walers of ihe stata includes features that have bean
delermined by the LS. Enviranmental Proteclion Agency (U.S. EPA) or the U.S. Army Comps of Engineers {Cormps) to be “waters of the U.5."
In an appraved |urlsdiciional determination; “walers of the U.5." Identified in an aquailc resource reporl verfied by the Corps upon which a
permitting decision was based; and kealures that are consisient with any currant ar historic final judicial interpratation of “waters of the U.S." ar
arty current or historic federad requlation delining “walers of the U.5." under 1he kederal Clean Water Acl.

**Created by madificalion of a surface waler of ihe slate” means 1hat (he welland thal ie being evalualed was crealed by modifying an area
that was & surface water of the state al the 1ima of such medification, i does notinclude 8 wetland thal is crealed in a bcation where a water
ol the slate had exisled histerically, but had akeady bean complately allminated at some lima prior te the cmation of 1he welland, The wetland
baing evalualed does nol become a waler af the slate due solely ta 8 diversion of water from a differanl water of the slate.

* arlificial wetlands are wetlands that resull from human aclivity.

AJOpLEd APTIL £, LU1Y rage| £
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Procedures for Discharges of Dredged or Fill Material to

Waters of the State

ix. Log storage,
x.  Treatment, storage, or distribution of recycled water, or

xi,  Maximizing groundwater recharge (this does not include wetlands that have
incidental groundwater recharge benefits); or

xii.  Fields flooded for rice growing. ®

All artificial wellands that are less than an acre in size and do not satisfy the criteria set forth in 2, 3.3,
3.b, or 3.c are not waters of the state, If an aquatic feature meets the wetland definition, the burden is
on the applicant to demonstrate that the wetland is not a water of the state.

Hi. Woetland Delineation

The permitting authority shall rely on any wetland area delineation from a final aquatic resource report
verified by the U.S. Army Corps of Engineers (Corps) for the purposes of determining the extent of
wetland waters of the LS. A delineation of any wetland areas potentially impacted by the project that
are not delineated in a final aguatic resource report verified by the Corps shall be performed using the
methods described in the three federal documents listed below {collectively referred to as “1987 Manual
and Supplements”™) to determine whether the area meets the state definition of a wetland as defined
above. As described in the 1987 Manual and Supplements, an area "lacks vegetation” if it has less
than 5 percent areal coverage of plants at the peak of the growing season. The methods shall be
modified only to allow for the fact that the lack of vegetation does not preclude the determination of
such an area that meels the dafinition of wetland. Terms as defined in these Procedures shall be used
if there is conflict with terms in tha 1987 Manual and Supplements.

= Envionmental Laboratory. 1987. U.S. Army Corps of Engineers Wetlands Delineation
Manual. Technical Report Y-87-1. .5, Army Engineer Waterways Experiment Station,
Vickeburg, MS.

« LS. Army Corps of Engineers. 2008. Regional Supplement to the Corps of Engineers
Wetland Delineation Manual: Arid West Region {Version 2.0). ed. J. 8. Wakeley, R. W.
Lichvar, and C. V. Noble. ERDCJ/EL TR-08-28, Vicksburg, M3: UL5. Army Engineer Research
and Development Center.

» U.S, Amny Corps of Engineers. 2010, Regional Supplement to the Corps of Engineers
Wetland Delineation Manual: Western Mountains, Valleys, and Coest Region (Version 2.0).
ed. J.S. Wakeley, R. W, Lichvar, and C. V., Noble. ERDC/EL TR-10-3. Vickshurg, MS: U.S.
Army Engineer Research and Development Center.

% Fialds used for Ine cultivation of rice (inciuding wild rice) that have not been abandoned dug to fve conseculive vears of non-usa for the
cuitlvatian of Aca {induding wild rice} thal ara detaminad ba ha a weler of the stals in accordance with thasa Procadures shall ral have
heneficial use designations applied Lo them through the Water Qualtty Centrel Plan for the Sacremenis and San Joaquin River Basins, except
as olhenwise required by kederal law for fitds that are conskdered to be walers of Lhe Unlted States, Further, agricullurzl inputs legally applied
ta fields used far the cultivation of rice (incuding wild nce) shall nol constilute a discharge of wasle to a waler af the state. Agnoultural inpuls
that migrate to a surface waler or groundwater may be cansidered a dischampe of wasle and are subject to wasbe discharge requirements or
walvars of such requirements pursuant ta the Water Hoard's autharity 1o issus of walve washe discharge requiremanis or {ake other actions as
applicable.
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IV. Procedures for Regulation of Discharges of Dredged or Fill Material to
Waters of the State

The purpose of this section is to establish application procedures for discharges of dredged or fill
material to waters of the state, which includes both waters of the U.S. and non-federal waters of the
state. This section supplements existing stale requirements for discharges of dredged or fill material to
waters of the U.S.* These Procedures include Appendix A, which contains relevant portions of the
WU.5. EPA's Section 404{b){1) "Guidelines for Specification of Dispasal Sites for Dredge or Fill
Material’? (Guidelines), with minor modifications fo make them applicabk to the state dredged or fill
program {hereafter State Supplemental Dredge or Fill Guidelines).? This section applies to all
applications for discharges of dredged or fill material to waters of the state submitted after [insert date
that is nine months after approval by the Office of Administrative Law].? The Procedures do not apply
to applications that are submitted prior to [insert date that is nine months after approval by the Office of
Administrative Law].

Unless excluded by section |'V.D, applicants musl file an application with the Water Boards for any
activily that could result in the discharge of dredged or fill rmaterial to waters of the stale in accordance
with California Code of Regulations, title 23, section 3855."® This application requirement applies to
new discharges, propased material changas in tha character, location, or volume of existing
discharges, and upon renewal of existing Orders for existing discharges. The permitting authority may
amend an existing Order solely for the purpose of extending the expiration date without requiring a new
application.

The applicant may consult with the Water Boards 1o determine whether a project could result in a
discharge of dredged or fill matenal to waters of the state andfor discuss submittals that would meet the
application requirements listed below. Discharges of dredged or fill material or other waste material to

B Califomia Code of Regulations, titke 23, sections 3630-386% (slale's Clean Waler Acl (CWA) seclion 401 (33 USC § 1341) waler gualily
cartification program)

740 CF.R.§ 230.

& The Sisle Supplemental Oretge ar Fil Guidelnas are included as Appendixc A, Because the Slale Supplemental Dredge or Fill Guidelines
are dervad direcily from the U8, EPA’s 404{b)[1) Guldelines. it uees slightly differerd terms than temms usad In sacllons | thrgugh V of thege
Procedures. The State Supplemertal Dradga or FIT Guidslinas w il be applied in a manner consisten! with sacions | through ¥ of thase
Precedures.

% In cases whera The applicant is & state agency and is acting as lhe CEOA wead agency for ona or mora projecis olherwise subject 1o this
secllon, and 1hat stata agency is a parly to an exlsting written agreement (... memorandum of undarstanding} with the Stata Wailer Board
thal sgls oul allemative procedures and requiremenls regarding the submission, raview or appreval of prajecl applicalions, the parmitting
authority shall apply the terms and conditions of the agreementl in [iou of the terms and cond.tions of nls section, ARer adoplian of these
Procedures, the Stata Waber Boand may also entar Inte such written agreemenis afar canslderation at a public meating; such an agresment
may include, for example, early consullation regarding potential project apphcakons, early identification and analysis of projeci allsmatives and
mitigatlan measures, and dispure resolution. Any witlen agreernants, whether existing or entered inte afler the adoption of these Procadures,
may be amended in writing at any .me by joint agreemant of ihe parties, and such amended agreaments shall govern In liey of the 1ams and
condilions of this sedion. Al other applicable laws, including requiramenis for public nolice and comment, apply 1o tha permiiting authorities’
approval of projects under such an agreement.

12 Nole thal Gahformia Gode of Regulations. Llle 23, seclion 3855 applies only Lo indidual water quallly cerlifications, but these Procedures
extend the application of seclion 3855 to ndsdual waste discharge noquiremanis for d scharpes of dredged or fll materlal to wators of the
stale and waivers thereof.
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Procedures for Discharges of Dredged or Fill Material to
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areas that are not waters of the state, but that could affect the quality of waters of the state, may be
addressed under other Water Board regulatory programs.

A. Project Application Submittal for Individual Orders

Tha raquiremants set forth in sactions IV.A and IV.B apply only to individual ordars. Applicants must
submit the items listed in subsaction 1 to the permitting authority. In addition, applicants shall consult
with the permitting authority about the items listed in subsection 2. Within 30 days of receiving the
items listed in subsection 1, the pemitting authority may require the applicant to submit one or more of
the items in subsection 2 for a complete application. Applicants are encouraged to consult with the
permitting authority to determine the appropriate level of detail for the items in subsections 1 (and 2, if
applicable). Within 30 days of receiving all of the required items, the permitting autharity shall determine
whether the application is complete and notify the applicant accordingly. If the applicant's federal
license or permit application includes any of the informetion required in subsections 1 or 2 below, the
applicant may submit the federal application materials to satisfy the corresponding state application
information, If federal application materials are submitted as parl of the state application, the applicant
shall indicate where the corresponding slate application information can be found in the federal
application materials.

1. Hltems Required for a Complete Application

a. Al items listed n California Code of Regulations, title 23, section 3856 "Contents of a Complete
Application.™

b. |fthe Corps requires an aquatic resource delineation report, a copy of the report verified by the
Corps.

c. A delineation of any waters that are not delineated in an aguatic resource delineation report
verified by the Corps. If such walers include wetlands, the wetlands must be delineated as
described in section lII.

d. The dates upon which the overall project activity will begin and end, and, if known, the date(s)
upon which the discharge(s) will take place.

8. Map(s) with a scale of at least 1:24000 {1" = 2000} and of sufficient detail to acourately show
{1} tha boundarias of the lands owned or to be utilized by the applicant in camying out the
proposed activity, including the grading limits, proposed land usas, and the location, dimensions
and type of any structures erected {if known) or to be erected and (2) all aquatic resources that
may qualify as waters of the state, within the boundaries of the project, and all aquatic
resources that may qualify as waters of the state cultside of the boundary of the project that
could be impacted by the project. A map verified by the Corps may satisfy this requirement if it
includes all potential waters of the state. The pemitting authority may require that the map(s)
be submitted in electronic format {e.g., GIS shapefiles),

f. A description of the waters proposed to be impacted by the dredge or fill activity. The
description should include the beneficial uses as listed in the applicable water quality control
plan; a description of the activity at each individual discharge or dradge location; quantity of
impacts to waters proposed to receive a discharge of dredged or fill material at each location
rounded to at least the nearest ona-hundredth (0.01) of an acre, nearest linear foot, and quantity

1 Ngta that Califomia Code of Reguiatiors, tte 23, secton 3858 applies only 1o individual water quality cartificalions, but ihese Procedums

entend the applicetion of secion 3956 1o Individual wasie discharge requirements for discharges of gredged or fill materal e watewa of the
slatg and waivers thereaf,
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of impacts to waters proposed to be dredged at each dredging location to the nearest cubic yard
(as applicable); assessment of potential direct and indirect impacts resulting from the discharge
or dredging activity and potential mitigation measures for those potential impacts, identification
of existing water quality impairment(s}); the source of water quality impairment(s), if known; and
the presence of rare, threatenad or endangered species'? habitat.

g. An altematives analysis, ™ unless any of the following exemptions apply. The exemption from

the altematives analysis requirement does not preciude a permitting authority from requiring the
applicant to demonstrate in its applicalion that the project complies with section |V.B.1.a.

i.  The project includes discharges to waters of the state outside of federal jurisdiction, but the
entire project would meet the terms and conditicns of one or more Water Board-certified
Corps’ General Permits, including any Corps District's regional terms and condttions, if all
discharges were to waters of the U.S, The permitting authority will verify that the entire
project would meet the terms and conditions of the Corps' General Permit(s) if all
discharges, including discharges to waters of the state outside of federal jurisdiction, were
to walers of the U.S. based on information supplied by the applicant.

ii. The projecl includes only discharges to waters of the U.S. and meels the terms and
conditions for coverage under an uncertified Corps’ General Permit, including any Cormps
District’s regional terms and conditions. This exemption does not apply if the discharge of
dredged or fill material will directly impact;

a) more than two-tenths (0.2) of an acre or 300 linear feet of waters of the state;

b) rare, threaleéned, or éendangered species habitat in waters of the state;
c) wetlands or eel grass beds; or

d) Cutstanding National Resource Walers or Areas of Special Biological
Significance.

iii.  The project would be conducted in accordance with a watershed plan that has been
approved for use by lhe permitting authority and analyzed in an environmental documerrt
that includes a sufficient alernatives analysis, monitoring provisions, and guidance on
compensatory mitigation opportunities.

iv.  The project is an Ecological Restoration and Enhancement Project.

v.  The project has no permanent impacts to aquatic resources and no impacts to rare,
threatened or endangered species habitat in waters of the state, wetlands or eel grass
beds, Qutstanding National Resource Waters or Areas of Special Biological Significance,

2 “Rare, threalaned, or andangensd specles” as usad in the Procedures refers to plant and animal speciea listed a3 rare, theeatened, or
anhdangered purauan to tha Californle Endangsred Specias Act of 1804 (Fish & Game Code, § 2050 ef seq.), the Malive Plant Proteclion Act
ol 1877 {Fah & Game Code, § 1900 el 38q.), or the Fedeml Endangered Specles Act of 1873 (18 U.5.C. § 1531 et seqg.).

13 “pliernatives analysis” 25 used in these Procedures refer b the analysis requirad by secilon IV.A8,1.h end is & means to comply with the
State Supplemeantal Dredga or Fill Guidelnes., sedion 230.10(a). An allemalives analysls also may be required In order to compily with other
staliory or regulatary requirements, such az CEQA or a Regianal Board water quality comml pian discharge prohibliion, The exemptons and
the tiers set forth belaw da not affec] any allemalives analysis conducted pursuani te anather siabtory or regulatory requiremert. To the
exteni Lhal the pamilting aulhorily is acting as the tead agency under CEQA, i may be necessary for the permitiing autharity Lo canduct
further analysis to camply with CEQA.
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and all implementation aclions in the restoration plan can reasonably be concluded within
ane year.

h. If none of the above exemptions apply, the applicant must submit an altematives analysis
consistent with the requirements of seclion 230.10 of the State Supplemental Dredge or Fill
Guidelines that allows the permitting authority to determine whether the proposed project is the
Least Environmentally Damaging Practicable Alternative (LEDPA). If the applicant submitied
information to the Corps 10 supporl an alternatives analysis, the applicant shall provide that
information to the permitting authority. Such information may satisfy some or all of the following
requirements in accordance with section IV.B.3. Alternatives analyses shall be completed in
accordance with the following tiers. The level of efforl required for an altematives analysis
within each of the three tiers shall be commensurate with the significance of the impacts
resulting from the discharge. ™

i. Tier 3 pmjecis include any discharge of dredged or fill material that directly impacts more
than two-tenths {0.2) of an acre or 300 linear feet of waters of the state, rare, threatened or
endangered epecies habilat in waters of the state, wetlands or eel grass beds, or
Qutstanding National Resource Waters or Araas of Special Biolegical Significance, and is
not & project that inherently cannot be Incated at an altemate location. Tier 3 projects shall
provide an analysis of off-site end on-site alternatives.

i. Tier 2 projects include any discharge of dredged or fill material that directly impacts more
than one tenth (0.1) and less than or equal to two tenths (0.2} of an acre or more than 104
and less than or equal to 300 linear feet of waters of the state unless it meets the criteria
for a Tier 3 project, or any project that inherently cannot be located at an alternate location
{unless it meets the size requirements set forth in Tier 1). Tier 2 projects shall provide an
analysis of only on-site aternatives. For routine operation and maintenance of existing
facilities, analysis of on-site allernatives is limited to operation and maintenance
altematives for the facility.

ii. Tier 1 projects include any discharge of dredged or fill material that directly impacis less
than cr equal to one tenth (0.1) of an acre or less than or equal to 100 linear feet of waters
of the state, unless it meets the criteria for a Tier 3 project. Tier 1 projects shall provide a
description of any steps that have bean or will be taken to avoid and minimize loss of, or
significant adverse impacts to, beneficial uses of waters of the state.

2. Addttional Information Required for a Complate Application

a. Hf required by the pemmitting authority on a case-by-case hasis, supplemental field data from the
wet season to substantiate dry seasan dejineations, as is consistent with the 1987 Manual and
Supplements.

b. If compensatory mitigation is required by the permitting authority, an a case-by-case basis, a
draft compensatory miligation plan developed using 2 watershed approach containing the iterns

listed below. Cormpensatory mitigation plans are not required for Ecalogical Restaration and
Enhancement Projects. For permittees who intend to fulfill their cornpensatory ritigation

» As used below, impacts” include bolh permanent and temparary Impacts.
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obligations by securing credits from approved mitigation barks or in-lieu fee programs, their
mitigation plans need include only items |, ii, and i, a5 described below, as well as information
required in the State Supplemental Dredga or Fill Guidelines, section 230,84 (c){5) and {(c}{8),
and the name of the specific mitigation bank or in-lieu fee program proposed to be used.

Oraft compensatory mitigation plans shall comport with the State Supplemental Dredge or Fill
Guidelines, Subpart J, and include the items listed below.

i. A watershed profile for the project evaluation area for both the proposed dredged orfill
projacl and the proposed compensatory miligation praject.

i. Anassessment of the overall condition of aquatic resources proposed to be impacted by
the project and their likely stressors, using an assessment method approved by the
permitting authaority.

iii. A description of how the project impacts and compensatory mitigation would not cause a
net loss of the overall abundance, diversity, and condition of aquatic resources, based on
the watershed profile. If the compensatory mitigation is located in the same watershed as
the project, no net loss will be determined on a watershed basis. If the compensatory
mitigation and project impacts are located in multiple watersheds, no net loss will be
determined considering all affected watersheds collectively. The level of detail in the plan
shall be sufficient to accurately evaluate whether compensatory mitigation offsets the
adverse impacts attributed to a projecl.

iv.  Preliminary information about ecological performence standards, monitoring, and long-term

protection and management, as describad in the State Supplemental Dredge or Fill
Guidslines.

v. Atimetable for implementing the compensatory mitigation plan.

vi.  If the compensetory mitigation plan includes buffers, design criteria and monitoring
requirements for those buffers.

vii.  If the compensatory mitigation involves restoration or establishment as the form of

mitigation, applicants shall notify, as applicable, state and federal land management
agencies, airport land use commission, Tire control districts, flood control districts, local
mosquito-vector control district(s), and any other interested local entities prior to initial site
selection. These entities should be: notified as early as possible during the initial
compensatory mitigation projecl design stage.

vill. I required by the permitting authority, an astessment of reasonably foreseeable impacts to

the compensatory mitigation associated with climate change, and any measures to avoid
or minimize thosa potential impacts.

If required by the permitting autharity on a case-by-case basis, if project activities Include in-
water work or water diversions, a proposed water quality monitoring plan to monitor compliance
with water quality objeclives of the applicable water quality contral plan. At a minimum, the plan
should include type and frequency of sampling for each applicable parameter.

In all cases where temporary impacls are proposed, a draft restoration plan that outlines design,
implementation, assessment, and maintenance for restoring areas of temperary impact to pre-
project conditicns. The design compenents shall include the objectives of the restoration plan;

nradinn nlan Af dichidhad araae tn nra_neniant cantrnve A nlantinag falata with nlant cnosises
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native to the area; seed collection locations; and an invasive species management plan. The
implementation component shall include all proposed actions to implement the plan {e.g., re-
centouring, initial planting, site stabilization, removal of temporary structures) and a schedule for
completing those actions. The maintenance and assessment components shall include a
description of performance standards used 1o evaluate attainment of objectives; the timeframe
for determining attainment of pedermance slandards; and maintenance requirements (e.g.,
watering, weeding, replanting and invasive species control). If temporary impacts are proposed
to be restored through passive restoration, the draft restoration plan shall include an explanation
of how passive restoration will restore the area to pre-project conditions, assessment
components, and an estimated date for expected restoration. The level of detail in the
restoration plan shall be sufficient to accurately evaluate whethar the restoration addresses the
adverse tamporary impacts attributed to a project. The applicant shall submii a final restoration
plan that describes the restoration of all temporarily disturbed areas to pre-project conditions,
consistent with section IV.B 4,

For Ecological Resloration and Enhancement Projects, a restoration plan for temporary impacts
pravided as part of the binding stream or wetland enhancement or restoration agreement or
wetland establishment agreement may satisfy this requirement.

a. For all Ecological Restoration and Enhancement Projects, a draft assessment plan including the
following: projecl objectives; description of parformance slandards used to evaluate attainment
of objectives; protocols for condition assessment; the timeframe and responsible party for
performing condilion assessment; and assessment schedule. A draft assessment plan shall
provide for at least one assessment of the overall condition of aquatic resources and their likely
stressors, using an appropriate assessment method approved by the permitting authority, prior
to restoration and/or enhancement and two years following restoration and/or enhancement to
determine success of the restoration andfor enhancement. An assessment plan approved by a
federal or state resource agency, or a local agency with the primary function of managing land
or water for wetland habitat purposes in accordance with a binding stream or wetland
enhancement agreement, resioration agresment, or establishment agreement, will satisfy these
requirements. An assessmeant plan approved by a non-govemmental conservation organization
or a state or federal agency that is statutorily tacked with natural resource management may
salisfy some or all of these requirements.

B. Permitting Authority Review and Approval of Applications for Individual Orders

1. The permitting authority will avaluate the potential impacts on the aquatic environment from the
proposad project and determine whether the proposed projadd complias with these Procedures.
The permitting authority has the discretion to aporove a project only if the applicant has
demonstrated the following:

a. A sequence of actions has been taken to first avoid, then to minimize, and lastly compensate for
adverse impacts that cannot be practicably avoided or minimized to waters of the siate;

b. The potential impacts will not contribute to a nat loss of the overall abundance, diversity, and
condition of aquatic resources in a watershed (or multiple watersheds when compensatory
mitigation i5 permitted in another watershed as set forth in section 1V.B.5(d));

c. The discharge of dredged or fill material will not violate water quality standards and will be
consistert with all applicable water quality control plans and policies for water qualily control;
and

d. The discharge of dradged or fill material will not cause or contribute to significant degradation of
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the waters of the state.

2. The permitting autherity shall rely on any final aquatic resource report verified by the Corps o
determine boundaries of waters of the U.S. For all other welland area delineations, the permitling
authority shall review and approve delineations that are performed using the methods described in
section Il

3. Alernatives Analysis Review Requirements:
a, The purpose of the alternatives analysis is to identify the LEDPA. The permitting authonty will

be responsible for determining the sufficiency of an allernatives analysis except as described in
3(b) below. In all cases, the alternatives analysis must establish that the proposed project
alternative is the LEDPA in light of all potential direct, secondary {indirect}, and cumulative
impacis on the physical, chemical, and biological elements of the aquatic ecosystem,

. Discharges to waters of the U.S.

In reviewing and approving the alternatives analysis for discharges of dredged or fill material
that impact waters of the LS., the permitting authority shall defer to the Corps’ determinations
on the adequacy of the altarnatives analysis, or rely on a draft ahernatives analysis if no final
determination has baen made, unless the Exacutive Cfficer or Executive Diractor detarmines
that (1) the permitting authority was not provided an adequate opportunity to collaborate in the
development of the altematives analysis, (2) the alternatives analysis dosas not adaquatsly
address aquatic resource issues identified in writing by the Executive Officer or Executive
Cirecter to the Cerps during the development of the alternatives analysis, or (3) the proposed
project and all of the identified altematives would not comply with water quality standards.

If the project also includes discharges to waters of the state outside of federal jurisdiction, the
permilting authority shall raquire the applicant fo supplement the alternatives analysis to include
waters of the state outside of federal jurisdiction unless the applicant has consulted with the
permitting authority and the alteatives analysis addresses all issues identified by the
permitting authority during the consultation procass. If an alternatives analysis |s not required
by the Corps for discharges of dredged or fill material to waters of the U.S_, the permitling
authority shall raquire an altematives analysis for the entire project in accordance with the State
Supplemental Credge or Fill Guidelines, unless the project is exempt under section IV.A.1{g}
above,

The permitting authority shall not apply the presumption set torth in the State Supplemental
Dredge or Fill Guidelines, section 230.10(a}(3} lo any non-vegetated waters of the U,S, that the
Corps does not cassify as a special agquatic site (as defined in subpart E of LS. EPA's section
404({b)(1) Guidelines).

4. Prior {o or concurrent with isauance of the Order, the permitting authority will approve the final
restoration plan for temperary impacts. Generally, the permitting authority will approve the final
restoration plan when it issues the Order. The permilting authority may approve the final restoralion
plan after it issues the Order. In such cases the permitling authority shall include as a condition of
the QOrder that the applicant receive approval of the final restoration plan prior to initiating the
temporary impacts and shall specify a process for approving the final restoration plan.

5. Compengateory Mitigation
a. Compensatoery mitigation, in accordance with the State Supplemental Dredge or Fill Guidelines,

Subpart J, may be required to ensure that an activity complies with these Procedures.
Consistent with section 230.83(a)}{2) of the State Supplemental Guidelines, subject to the
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permitting authority’s approval, compensatory mitigation may be performed using methods of
restoration, enhancement, establishment, and in certain crcumstances preservation,
Restoration should generally be the first oplion considered because the likelihood of success is
greater and the impacis to potentially ecologically imporant uplands are reduced compared to
establishment, and the potential gains in terms of aquatic resource functions are greater,
compared to enhancement and preservation.

. Where feasible, the permitting authority will consult and coordinate with any other public

agencies that have concurrent mitigation requirements in order io achieve multiple
environmental benefits with a single mitigation project, thereby reducing the cost of compliance
to the applicant.

. Amount: The amount of compansatory mitigation will be detarmined on a project-by-project

basis in accordance with State Supplemental Dredpe or Fill Guidelines, section 230.93{f). The
permitting authority may take into account recent anthropogenic degradation to the aquatic
resource and the potential and existing functions and conditions of the aguatic resource. The
permiting authority may reduce the amount of compensatory mitigation if buffer areas adjacent
to the compenaatory mitigation are also required to be maintained as part of the compensatory
mitigation management plan. The amount of compensatory mitigation required by the
permitting authority will vary depending cn which of the following strategies the applicant uses to
locate the mitigation site within a watershed.

Strateqy 1: Applicant locates compensatory mitigation using a watershed approach based on a
watarshed profile developed from a watershed plan that: (1) has been approved for use by the
permitting authority and analyzed in an environmental document, (2} includes monitoring
provisions, and {3} includes guidance cn compensatory mitigation opportunities.

Strategy 2: Applicant locates compensatory miligation using a watershed approach based on g
watershed profile developed for a project evaluation area, and demonstrates that the mitigation
praject will contribute to the sustainability of watershed functions and the overall healih of the
watershed area’s aquatic resources.

Generally, the amount of compensatory mitigation required under Strategy 1 will be less than
the amount of compensatory mitigation required under Strategy 2 since Lhe level of certainty
that a compensatory mitigation project will meet its performance standards increases if the
compensatory mitigation projecl complies with a watershed plan as described above. Certainty
incréases when there is a comespanding increase in understanding of watershed conditions,
which Is increased when using a watershed plan as described above to determine
compansatory miligation requirements.

A minimum of one-to-one mitigation ratio,'® measured as area or length, is required to
compensate for wetland or stream losses when compensatory mitigation is required, Subject fo
the permitting autharity's approval, the ratio may be satisfied using any of the methods identified
in section |V.B.5(a). A higher overall mitigation ratio shall be used where necessary to ensure
replacement of lost aguatic resource functions, as described in the Stale Supplemental Dredge
or Fill Guidelines, section 230.93(f). Where terporary impacts will be restored to pre-project
conditions, the permitting authority may require compensatory mitigation for temparal loss from
the temporary impacts.

* For lemporary impacls. ihe minimum ereLo-one mifigation ratio for wetland or stream losses is not applicab¥e for temporal losses for
impacis fhat are fully selored o pre-projedt conditione.
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d. Type and Location: The permitting authority will evaluate the applicant’'s proposed miligation
type and location based on the applicant's use of a watershed approach based on a watershed
profile. The permitting authority will determine the appropriate type and location of
compensatory mitigation based on watershed conditions, impact size, location and spacing,
aquatic resource values, relevant watershed plans, and other considerations.

In general, the required compentatory mitigation should be |ocated within the same watershed
as the impact site, but the permitting authority may approve compensatory rmitigation in a
different watershed. For example, if a proposed project may affect more than one watershed,
then the permitting authority may determine that locating all required project mitigation in one
area is ecologically preferable to requiring mitigation within each watershad.

&. Final Compensatory Miligation Plan: The permitting autherity will review and approve the final
compeansatory mitigation plan submitted by the applicant to ensure mitigation comports with the
State Supplementat Dredge or Fill Guidslines, Water Code requirements, applicabte water
quality standards, and other appropriate requirements of state law. The level of detail in the
final plan shall be sufficient to accurately evaluate whether compensatory mitigation offsets the
adverss impacts attributed to a project considering the overall size and scope of impacl. The
compensatory mitigation plan shall be sufficient to provide the permitting authority with a
reasonable assurance that replacement of the full range of lost aguatic resource(s) andior
functions will be provided in perpetuity.

Generally, the permitting authority will approve the final compensatory mitigation plan when it
issues the Order. Where compliant with CEQA, the permitting authority may appraove the final
compensatory mitigation plan after it issuas the Order. In such cases the permitting authority
shall include as a condition of the Crder that the applicant receive approval of the final mitigation
plan prior to discharging dredged or fili material to waters of the state and shall specify a
procass for approving the final mitigation plan.

f. Einancial Security: Where deemed necessary by the permitting authority, provision of a
financial security (e.g., letter of credit or performance bond) shall be a condition of the Order. In
this case, the permitling authority will approve the financial security to ensure compliance with
compensatory mitigation plan requirements. The financial security shall be in a form consistent
with the California Constitution and state |law,

g. Term of Mitigation Cbligation: The permitting authority may specify in the Order the canditions
that must be met in order for the permitting authority to release the permitles from the mitigation
obligation, including compensatory mitigation performance standards and long-term
management funding obligations.

6. The pammitling authority shall provide public notice in accordance with Water Code section 13187.5
for waste discharge requiremenls. Tha permitting autharity shali provide public notice of an
application for water quality certification In accordance with California Coge of Regulations, title 23,
section 3§58. If the permitting authority receives comments on the application or there is
substantial public interest in the project, the permitting authority shall also provide public notice of
the draft Qrder, or draft amendment of the Order, unless circumstances warrant ctherwise.

7. The permitting authority will review and approve the final monitaring and reporting requirements for
all projects. Monitoring and reporting may be required to demonstrate compliance with the terms of
the Crder.

C. General Orders
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Discharges of dredged or fill material fo waters of the state that are regulated under a general order are
not subject to the requirements set forth in sections IV.A and 1V.B. Applicants applying to enroll under a
ganeral order shall follow the instructions specified in the general order for obtaining coverage.

The permitting authority may issue general orders for specific classes of dredged or fill discharge
aclivities that are similar; involve the same or similar types of discharges and possible adverse impacts
requiring the sarnea or similar conditions or liritations in order to alleviate potential adversé impacts to
water quality; and ara determined by thea permitting authority to more appropriately be regulated under
a general order rather than under an individual Order,

General orders shall be reviewed, noticed, and issued in accordance with the applicable requirements
of division 7 of the Water Code and the California Code of Regulations, division 3 of title 23,

D. Activitieos and Areas Excluded from the Application Procedures for Regulation of
Discharges of Dredged or Fill Material to Waters of the State

The application procedures specified in sections IV.A and 1V.B do not apply to proposed discharges of
dredged or fill material to waters of the state from the following activities™ or to the following areas.
These exclusions do not, however, affect the Water Board's authority to issue or waive waste diecharge
requirements (WDRS) or take other aclions for the following activities or areas to the extent authorized
by the Water Code.

1. Activities excluded from application procedures in sections [V.A and IV.B:

a. Aclivities that are exempt under CWA section 404(f) (33 USC § 1344(f))."” The permitling
authority shall use 33 CFR 323.4 {1986) and 40 CFR 232.3 {(1908) to determine whether certain
activities arg exempt under CWA section 404(f). These regulations are hereby incorporated by
reference and shall apply to all waters of the state. Consistent with CWA seclion 404{f)(2} and
40 CFR section 232.3, any discharge of dredged or fill material to & water of the state incidental
to any of these activities is not exempt under CWA section 404(f} and shall be subject to the:
application procedures set forth in seclions IV.A and IV.B, if (1} the purpose of the activity is
bringing a water of the state into a use to which it was not previously subject, whers the flow or
circulation of water of the state may be impaired or the reach of such waters be reduced, or (2)
the discharge contains any toxic pallutant listed in CWA section 307.

b. Suction dredge mining activities for mineral recovery regulated under CWA seclion 402.

c. Routine and emergency operalion and maintenancé aclivilies conduciad by public agencies,
water utilities, or special districls that result in discharge of dredged or fill material to arificial,
existing waters of the state:

i.  currently used and maintained primarily for one or more of the purposes listed in section
I.3.d. i), (i), {iv), (), or (xi); or

ii.  for the purpose of preserving the line, grade, volumetric or flow capacily within the
existing footprint of a flood control or stormwater conveyance facility.

This exclusion does not relieve public agencies, water ufilities or special districts of their

'* Note thal not a1l actvitles idertified in this section necessarily result In dischanges of dredged or fill matertal 1o waders of 1he stata,

17 Unlass aiherwiae spacified, all faderal stalutes and regulations thal are incarporated by reference inlo these Procedures am the versioms of
lhoge Tederal statutas and repulations thal are In sffed as of April 2, 2019,
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obligation to submit an application for a water quality certification consistent with California
Code of Regulations, title 23, section 3858 or waste discharge requirements consistent with
VWater Code seclion 13260, whichever is applicable, to the permitting authority far thase
activities; or their responsibility to avoid and minimize adverse impacts to aquatic resources and
beneficial uses from these aclivities. The permitting authority has full discretion to determine
whether an activity described above qualifies far this exclusion based on the application
submitted and other relevant information. If the permitting authonty determines that an activity
quabfies for this exclusion, the permitting autharity retains full authority and discretion under the
Porter-Cologne Water Quality Control Act to determine how to regulate the dischamge of
dredged or fill matenial. Where a permitting authority has alrsady determined it appropriate to
regulate these types of activities in specific instances, this exclusion in no way disturbs or limits
the permitting autheority's current regulation of these types of activities. This exclusion does not
apply to the discharge of dredged or fill material fo a water of the state approved by an agency
as compensatory mitigation.

Routine operation and maintenance activities that result in discharge of dredged ar fill material
to artificially-created waters currently used and maintained primarily for one or more of the
purposes listed in section 11.3.d. {i), (i}, (i), (vi), {vii), (x), or {xi}. This exclusion does not apply
to the discharge of dredged or fill material to (a) a water of the U.5., {b) a water specifically
identified in a water quality control plan, {c) a water created by modification of a water of the
state, or (d) a water approved by an agency as compensatory mitigation.

2. Areas excluded from apglication procedures in sections IV.A and IV.B:

a.

b.

C.

Wetland areas that qualify as prior converted cropland (PCC) within the meaning of 33 CFR
seclion 328.3(b)(2). The applicant may establish that the area is PCC by providing relevant
documentary evidence that the area qualifies as PCC and has not been abandoned due to five
consecutive years of non-use for agriculturat purposes, or by providing a current PCC
certification by the Natural Resources Conservation Service, the Corps, or the L.S. EPA to the
pemitting authority.

Wetlands that are, or have been, in rice cultivation (including wild rice) within the last five years
as of April 2, 2018 and have not been abandoned due to five consecutive years of non-use in
rice production.

The following features used for agricultural purposes:

i. Ditches with ephemeral flow that are not a relocated water of the state or excavated in &
water of the state;

ii. Ditches with intermittent flow that are not a relocated water of the state of excavatedin a
water of the state, or that do not drain wetlands cther than any wetlands descriped in
sections {iv) or (v);

ii.  Ditches that do not flow, either directly or through another water, into ancther water of
the state;

iv.  Artificially irrigated areas that would revert to dry land should application of waters to that
ares ceasea; or
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¥.  Anilicial, construcled lakes and ponds created in dry land such as farm and stock
watering ponds, irfigation ponds, and settling basins.

The exclusions in section [V.0.2 do not apply to discharges of dradged or fill material that converl
wetland areas to a non-agricultural use.

For requests for approvals from the Division of Water Rights for activities associated with (1) an
appropriation of water subject to Par 2 {commencing with section 1200) of Division 2 of the Water
Code, {2) a hydroelectric facility where the proposed activity requires a Federal Energy Regulatory
Comrmission {FERC) license or amendment to a FERC license, ar (3) any other diversian of water for
beneficial use where approval by the Division of Water Rights is required, the Division of Waler Rights
will inform the applicant whether the application procedures in sections IV.A and IV.B will apply to the
application.

VY. Definitions

The following definitions apply to these Procedures, including the State Supplemental Dredge or Fill
Guidelines. Unless otherwise indicated, any termn that is not defined in these Procedures shall have the
same meaning as definad in Water Code section 13050, and title 23, section 3831 of the California
Code of Regulations.

Abundance means an eslimate of the amount of aguatic resources by type in a watershed area, and
what types of aquatic resources are most and least prevalent.

Active Surface Mining means operations that, in accordance with Division 2, Chapter 9 of the Surface
Mining and Reclamation Act of 1975, have an approved reclamatian plan, and for which reclamation
has not been certified as complete by the lozal lead agency with the concurrence of the Depariment of
Conservation.

Alternatives Analysis is the process of analyzing project alternatives, including the proposed project,
to determine the alternative that is the least environmentally damaging practicable alternative (LEDPA),

Application means a written request, including a report of waste discharge ar request for water quality
cerlification, for authonzation of any activilty thal may resull in the discharge of dredged or fill material
and is subject to these Procedures.

Discharge of Dredged or Fill Material shall have the same meaninygs as they are used in the federal
Clean Water Act and 40 CFR section 232.2, but {1} shall include discharges to waters of the state that
are not waters of the U.5. and (2) any demonstrations described in 40 CFR section 232.2(3)(i) shall be
made to the permitting authority instead of the Corps or U.5. EPA. Placement of dredged or fill material
in a manner that could not affect the quality of waters of the state is not considered a discharge of
dredged or fill material.

Diversity means the relative proporlion of aguatic resource types, classilication, conneclivity, and
spatial distribution in a watershed area.

Ecoclogical Restoratlon and Enhancement Project means the project is voluntarily underaken for the
purpose of assisting or controlling the recovery of an aquatic ecosystem thal has been degraded,
damaged or desiroyed to restare sorme measure of its natural condition and te enhance the bereficial
usas, including potential beneficial uses of water.

Such projects are undertaken:
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1} in accordance with the terms and conditions of a binding stream ar wetland enhancement or
restoration agreement, or a weiland establishment agreement, betwean the real property
interest owner or the entity conducting the habitat restoration or enhancement work and:

a. afederal or stale resource agency, including, but not limited te, the U.S. Fish and
Wildlife Service, Natural Resources Conservation Service, Farm Service Agency,
National Marine Fisheries Service, National Oceanic and Atmospheric Administration,
L..S. Forest Service, 1.5, Bureau of Land Management, California Department of Fish
and Wildlife, California Wildlifs Conservation Board, California Coastal Conservancy ar
the Delta Conservancy;

b. a local agency with the primary function of managing land ¢r water for wetland habitat
purposes; or

¢. a non-govemmental conservation organization; or
2) by a state or federal agency that is slatutorily tasked with natural resource management.

These projects do not include the conversion of a stream or natural wetland to uplands or straam
channelization. It is recognized that Ecological Restoration and Enhancemant Projects may require
ongoing maintenance or management {0 maximize fish, wildlife, habitat, or other ecological benelits, ar
filling gullied stream channzls and similar rehabilitative activities to re-establish stream and meadow
hydrology. Changes in wetland plant communities that occur when wetland hydralogy is more fully
restored during rehabilitation activities are not considered a conversion to ancther aqualic habitat type.
These projects alsa de not include actions required under a Water Boand Order for mitigation, actions to
senvice required mitigation, or actions undertaken for the primary purpose of and development,

Envirgnmental Document means a decument prepared for compliance with the California
Environmental Quality Act (CEQA) or the National Environmental Policy Act (NEPA).

Hydrophyte means any macrophyte that grows in water or on a substrate that is at least periodically
deficient in axygen as a result of excessive water content; plants typically found in wet habitats,

LEDPA means the least environmentally damaging praclicable alternative. The determination af
practicable altemalives shall be consistent with the State Supplemental Dredge or Fill Guidelines,
section 230.10(a).

Normal Clrcumstances is the soil and hydrolegic conditions that are normally present, without regard
to whether the vegetation has been removed. The determination of whether normal circumstances
exist in a disturbed area involves an evaluation of the extent and relative permanence of the physical
alteration of wetland hydrology and hydrophytic vegetation, and consideration of the purpase and cause
of the physical alterations to hydrology and vegetation.

Order means waste discharge requirements, waivers of waste discharge requirements, or water quality
certification.

Permitting Authority means the entity ar person issuing the Order {i ¢, the applicahle Water Board,
Executive Director or Executive Officer, or his or her designee).

Project means the whole of an aclion that includes a discharge of dredged or fill material to waters of
the state,

Project Evaluatlon Area means an area thal includes the project impact site, andfor the compensatory
mitigation site, and is sufficiently large to evaluate the effects of the project and/or the compensatory
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mitigation on the abundance, diversity, and condition of aquatic resources in an ecalogicaily meaningful
unit of the watershed. The size and tocation of the ecologically meaningful unit shall be based on a
reasonable rationale.

Water Boards mean any of the nine Regicnal Water Quality Control Boards, the State Water
Resources Control Board, or all of them collectively.

Watershed means a land area that drains to a common waterway, such as a siream, lake, estuary,
wetland, or ultimately the ocean.

Watershed Approach means an analytical process for evaluating the environmental effects of a
proposed project and making decisions that support the sustainability or improvement of aquatic
resources in a watershed. The watershed approach recognizes that the abundance, diversity, and
condition of aquatic resources in a watershed support beneficial uges. Diversity of aquatic resaurces
includes both the types of aquatic resources and the locations of those aquatic resources in a
watershed. Consideration is also given to understanding historic and potential aguatic resource
conditions, past and projected aquatic resource impacts in the walershed, and terrestrial connactions
between aquatic resources. The watershed approach ¢an be used to evaluate avoidance and
minimization of direct, secondary (indirect}, and cumulative project impacts. It also can be used in
determining compensatory mitigation requirements.

Watershed Plan means a docurment, or a set of documents, developed in consultation with relevant
stakeholders, a specific goal of which is aguatic resource restoration, establishment, enhancement, and
preservation within a watershed. A watershed plan addresses aguatic resource conditions in the
watershed, multiple stakeholder interests, and land uses. Watershed plans should include information
about implemenling the watershed plan. Watershed plans may also identify priority sites for aquatic
resource restoration and protection. Examples of watershed plans include special area management
plans, advance identification programs, and wetland management plans. The permitling authority may
approve the use of other plans, including for example, Habitat Conservation Plans (HCPs), Natural
Community Conservation Plans (NCCPs), or municipal stormwater permit watershed management
prograrms as watershed plansg, if they substantially meet the stated above. Any NCCP approved by the
California Deparlment of Fish and Wildlife before December 31, 2020, and any regional HCP approved
by the United States Fish and Wildlife Service before December 31, 2020, which includes biological
goals for aquatic resources, shall be used by the permitting authority as a watershed plan for such
aquatic resaurces, unless the permitling authority determines in writing that the HCP or NCCP does not
substantially meet the definition of a watershed plan for such aquatic resources.

Watershad Profile means a compilation of data or information on the abundance, diversity, and
condition of aguatic resources in a project evaluation area. The watershed profile shall include a map
and a report characterizing the location, abundance and diversity of aquatic resources in the project
evaluation area, assessing the condition of aquatic resources in the project evaluation area, and
descriting the environmental stress factors affecting that condition.

The watershed profile shall include information sufficient to evaluate direct, secondary (indirect), and
cumulative impacts of praject and factors that may favor or hinder the success of compensatory
mitigation projects and help define watershed goals. It may include such things as current trends in
habital loss or conservation, cumulative impacts of past development activities, current development
trends, the presence and need of sensilive species, and chronic environmental prablems or site
canditions such as flooding or poor water guality.

The scope and detail of the watershed praofile shall be commensurate with the magnitude of impact
assaciated with the proposed project. Information sources include online searches. maps. watershed
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plans, and possibly some fieldwork if necessary. In some cases, field data may need fo be collected in
the project evaluation area to confirm the reported condition. Some or all of the information may be
obtained fram a watershed plan. Watershed profiles for subsequent projects in a watershed can be
used to track the cumulative effectiveness of the permitting authority’s decisions.

Woetland Delineation means he application of a technical and procedural method to identify the
boundary of a wetland area within a specified study site by identifying the presence or absence of
wetland indicators at multiple points at the site and by estahblishing boundaries that group together sets
of points that share the same status as wetland versus non-wetland.
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Appendix A: State Supplemental Dredge or Fill Guidelines

It is the intent of the Water Boards to be consistent with the L.8, EPA's 404(b}{1} Guidelines where
feasible. Dus to jurisdictional and procedural differences, some modifications to the U.S. EPA’s
404(b){1) Guidelines ware necessary. Generally, these changes or deletions were made to reduce
redundancy {especially where sufficiently described elsewhere in these Procedures) and to account for
other state requirements. Note that the numbering scheme of the U.S. EPA's 404(b){1) Guidelines has
been retained in these State Supplemental Dredge or Fill Guidelines for the benefit of practitioners who
are famifliar with the LS. EPA’s 404(b} 1) Guidelines. The Stale Supplemental Dredge or Fill
Guidelines describe how the Water Boards will implement the U.5. EPA’s 404(b)(1) Guidelines under
these Procedures. The definitions contained herein apply to lhese Procedures, including the State
Supplemental Dredge or Fill Guidelines.

Subpart A = General
§ 230.3 Delinitions.
For purposes of these Procedures, the following terms shall have the meanings indicated:

(¢} The terms aguatic environment and aquatic ecosysiem mean waters of the siate, including
wetlands, that serve as habitat for interrelated and interacting communities and populations of
plants and animals.

(h) The term discharge point means the point within the disposal site at which the dredged or fill
material is released.

(i) The term disposal site means that portion of the “waters of the slate” where the discharge of
dredged or fill material is permitted and involves a bottom surface area and any overlying volume of
water. In the case of wetlands or ephemeral streams on which surface water is not present, the
disposal site consists of the wetland or ephemeral stream surface area.

(k) The term extraclion site means the place from which the dredged or fill material proposed for
discharge is to be removed.

{n} The term permitting authorily means as defined above in the main text of these Procedures.

(g) The term practicable means available and capable of being done after taking into consideration
cost, existing technology, and logistics in light of overall projecl purposes,

(g1} Special aquatic sites means those sites identified in subpart E. Special aquatic sites are
geographic areas, large or small, possessing special ecological characteristics of productivity,
habitat, wildlife proteclion, or other imporiant and eastly disrupted ecological values. These areas
are generally recognized as significantly influencing or positively contributing to the general overall
environmental health or vitality of the entire ecasystem of a region. (See § 230.10 {a)(3))

§ 230.6 Adaptability

(a) The manner in which these Guidelines are used depends on the physical, biological, and
chemical nature of the proposed extraction site, the material to be discharged, and the candidate
disposal site, including any other important components of the ecosystem being evaluated.
Documentation to demoenstrate knowledge about the extraction site, materials to be extractled, and
the candidate disposal site is an essential compaoneni of guideling application. These Guidelines
aliow evaluation and documentation for a variety of activities, ranging from those with large,
complex impacls on the aguatic environment to those for which the impact is likely to be innocuous.
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It is unlikely that the Guidelines will apply in their entirety to any one adiivity, no matter haw
complex. Itis anticipated that substantial numbers of applications will be for minor, routine activities
that have little, if any, potential for significant degradation of the aquatic environment. It generally is
not intended or expected that extensive testing, evaluation or analysis will be needed to make
findings of compliance in such routine cases.

(b} The Guidalines user, including the agency or agencies responsible far implementing the
Guidelines, must recognize the different levels of effort that should be associated with varying
degrees of impact and require of prepare commensurate documantation. The level of
documentation should reflect the significance and complexity of the discharge activity.

{c) An essential part of the evaluation process invclves making determinations as to ihe relevance

of any portion(s) of the Guidelines and conducting further evaluation anly 28 needed. However,

where portions of the Guidelines review procedure are “shorl form” evaluations, there still must be

sufficient information (including eansideration of both individual and cumulative impacts) to support

the decision of whether to specify the site for disposal of dredged or fill material and to support the

Ameicinn 10 curlail or abbreviate the evaluation process. The presumption against the discharge in
applies to this decision-making.

Subpart B — Compliance with Guidelines
& 230.10 Restrictions on Discharge

{a) No discharge of dredged or fill material shall be psrmitled if there is a practicable alternative to
the proposed discharge which would have less adverse impact on the aguatic ecosystem, so long
as the alternative does not have other significant adverse environmental consequences.

(1) For the purpose of this requirement, practicable alternatives include, but are not limited to;

(i) Activities which do not involve a discharge of dredged or fill material tc waters of the state
or ocean waters;

(ii) Discharges of dredged or fill material at other locations in waters of the state or ocean
waters,

{2) An altemative is practicable if it is available and capable of being done afler taking into
cangideration cost, existing technology, and logistics in light of overall project purposes. Hitis
otherwise a practicable akkernative, an area not presently owned by the applicant which could
reascnably be oblained, ulilized, expanded or managed in order to fulfill the basic purpose of
the proposed activity may be considered.

(3} Where activity associated with a discharge which is proposed for a special aquatic site (as
defined in subpart E) does not require access or proximity to or siting within the special aquatic
site in question to fulfili its basic purpose (i.e., is not “water dependent"), practicable alternatives
that do not involve special aquatic sites are presumed to be available, unless clearly
demonsirated otherwise. |n addition, where a discharge is proposed for a special aquatic site,
all practicable alternatives to the proposed discharge which do not involve a discharge into a
special aquatic site are presumed to have less adverse impact on the aquatic ecosystem,
unless clearly demonstrated otherwise,

{t) No discharge of dredged or fill material shall be permitted if it;

(1} Causes or contributes, after consideration of disposal site dilution and disparsion, to
violations of any applicable Stale water quality standard;
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{2) Violates any applicable toxic effluent standard or prohibition under section 307 of the Clean
Waler Adt,

{c} No discharge of dredged or fill material shall be permitted which will cause or contribute to
significant degradation of the waters of the state. Under these Guidelines, effects confributing to
significant degradation considered individually or collectively, include:

{1} Significanily adverse effects of the discharge of pallutants on human health or welfare,
inchuding but not limited to effects on municipal water supplies, plankton, fish, shellfish, wildlife,
and special aquatic sites;

{2} Significantly adverse effects of the discharge of pollutants on life stages of aquatic life and
other wildlife dependent on aquatic ecosystems, including the transfer, concentration, and
spread of pollutants or their bypreducts outside of the disposal site through biological, physical,
and chemical processes.

(3) Significantly adverse effects of the discharge of pallutants on agquatic ecosystermn diversity,
productivity, and stability. Such effects may include, but are not limited to, loss of fish and
wildlife habitat or loss of the capacity of a wetland to assimilate nutrients, purify water, or reduce
WEave energy; or

(4) Significantly adverse effects of the discharge of pollutants on recreational, aesthetic, and
economic values.

(d} No discharge of dredged or fill material shall be pemmitted unless appropriate and practicable
steps have been taken which will minimize potential adverse impacts of the discharge on the
aqualic ecosyslem. Subpart H identifies such possible steps.

Subpart E =Special Aquatic Sites
§ 230.40 Sancluaries and refuges

(a) Sanctuaries and refuges consist of areas designated under State and Federal laws or local
ordinances to be managed principally for the preservation and use of fish and wildlife resources,

& 23041 Wetlands.
(a)(1) Wetlands are as defined above in the main text of these Procedures.
& 230.42 Mud Flats.

(a) Mud flats are broad flat areas along the sea coast and in coastal rivers to the head of tidal influence
and inland lakes, ponds, and riverine systems. When mud fiais are inundated, wind and wave action
may resuspend bottom sediments. Coastal mud flals are exposed at extremely low tides and
inundated at high tides with the water table at or near the surface of the substrate. The substrate of
mud flats contains organic material and particles smaller in size than sand. They are either
unvegetated or vegetated anly by algal mats,

§ 230.43 Vegelated shallows.

{a) Vegetated shallows are permanently inundated areas that under normal circumstances support
communities of rooted aguatic vegetation, such as turtle grass and eel grass in estuarine or marine
systems as well as a number of freshwater species in rivers and lakes.

& 230.45 Riffle and Pool Complexes.

(a) Steep gradient sections of streams are somelimes characterized by riffle and pool complexes. Such
stream sactinns are racnonizahle hvy their hydraniin charmcteristice The ranid mnvement nf water nuer
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a coarse substrate in riffles results in a rough flow, a turbulent surface, and high dissolved oxygen
levels in the water. Pools are deeper areas associated with riffles. Pools are characterized by a slower
stream velocity, @ streaming flow, a smooth surface, and a finer substrate. Riffle and pool complexes
are particularly valuable habitat for fish and wildlife.

Subpart H - Actions to Minimize Adverse Effects

Note: There are many actions which can be undertaken in response to 230.10(d) to minimize the
adverse effects of discharges of dredged or fill material. Some of these, grouped by type of activity,
are listed in this subpar. Additional criteria for compensation measures are provided in subpart J of
these Procedures.

§ 230,70 Actions concerning the location of the dischange.

The effects of the discharge can be minimized by the chaice of the disposal site. Some of the ways
to accomplish this are by:

{a) Locating and confining the discharge to minimize smothering of organisms;
{b} Designing the discharge to avoid a disruption of periodic water inundation patlerns;
{c) Selecting a disposal site that has been used previously for dredged material discharge;

(d) Selecting a disposal site at which the substrate is composed of material similar to that being
discharged, such as discharging sand on sand or mud on mud;

(e) Selecling a disposal site, the discharge point, and the method of discharge to minimize the
extent of any plume;

(f) Designing the discharge of dredged or fill material to minimize or prevent the creation of standing
bodies of water in areas of normally fluctuating water levels, and minimize or prevent the drainage
of areas subject to such fluctuations.

§ 230.71 Actiens concerning the material to be dischamed

The effects of a discharge can be minimized by treatment of, or limitations on the material itself, such
as!

(a) Disposal of dredged material in such a manner that physiochemical conditions are maintained,
and the potency and availability of pollutants are reduced.

{b) Limiting the solid, liquid, and gaseous components of material to be discharged at a particular
site;

{c} Adding treatment substances to the discharge material,

(d) Utilizing chemical flocculants to enhance the deposition of suspendad particulates in diked
disposal areas.

§ 230.72 Actions controlling the material afler discharge.
The effects of the dredged or fill material after discharge may be controlled by:

{a) Selecting discharge methods and disposal sites where the potential for erpsion, slumping or
leaching of materials into the surrounding aquatic ecosystem will be reduced. These sites ar
methods include, but are not limited to:

{1) Using containment levees, sediment basins, and cover crops to reduce erosions;
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(2) Using lined containment areas to reduce leaching where leaching of chemical constituents
from the discharged material is expected to be a problem;

(b} Capping in-place contaminated material with clean material or selectively discharging the most
contaminated material first to be capped with the remaining material;

(c} Maintaining and containing discharged material properly to prevent point and nonpoint scurces
of pallution,

(d} Timing the discharge to minimize impact, for instance during pericds of unusuval high-water
flows, wind, wave, and tidal actions.

§ 230.73 Actions affecting the method of dispersion.

The effects of a discharge can b& minimized by the manner in which it is dispersed, such as:

(a) Where envirenmentally desirable, distributing the dredged material widely in a thin layer at the
disposal site maintain natural substrate contours and elevation;

(b} Orienting a dredged or fill material mound to minimize undesirable obstruction to the water
current or circulation paltem, and utilizing natural botlom contours to minimize the size of the
mound,;

{c} Using silt screens or other appropriate methods to confine suspended particulatefturbidity to a
small area where seltling or removal can occur;

(d) Making use of currents and circulation paiterns to mix, disperse and dilute the discharge;

{e) Minimizing waler column turbidity by using a submerged diffuser system. A similar effect can he
accomplished by submerging pipeline discharges or otherwise releasing materials near the bottom:

{f) Selecting sites or managing discharges tc confine and minimize the release of suspended
particulates to give decreased turbidily levels and to maintain ight penetration for organisms;

{p) Setting limitations on the amount of matenal to be discharged per unit of time or volume of
receiving water.

§ 230.74 Actions related to technology.

Discharge technology shouid be adapted to the needs of each site. In determining whether the
discharge operation sufficiently minimizes adverse environmental impacts, the applicant should
consider:

{a) Using apprapriate equipment or machinery, including protective devices, and the use of such
equipment or machinery in aclivities related to the discharge of dredged or fill material;

{p)} Employing appropriate mainienance and operation on equipment or machinery, including
adeguate fraining, stafling, and working procedures;

(c) Using machinery and technigues that are especially designed to reduce damage to wetlands.
This may include machines equipped with devices that scalter ralher than mound excavated
materials, machines with specially designed wheels or tracks, and the use of mats under heavy
machines o reduce welland surface compaction and rutting;

(d) Designing access roads and channels spanning struciures using culverts, open channels, and
diversions that will pass both low and high-water flows, accommodate fluciuating water levels, and
maintain circulation and faunal movement;

{e} Emploving appropriate machinery and methods of transport of the malerial for discharae.
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§ 230,75 Actions affecting plant and animal populations.
Minimization of adverse effects on populations of plant and animsals can be achieved by:

{a)} Avoiding changes in water current and circulation patierns which wauld interfere with the
movement of animals;

{b) Selecting sites or managing discharges to prevent or avoid creating habitat conducive to the
development of undesirable predatcrs or species which have a competitive edge ecologically over
indigenous plants or animals;

{c) Avoiding sites having unique habitat or other value, including habitat of threatened or
endangered species:

{d} Using planning and construction practices to institute habitat development and restoration to
produce a new or modified environmental state of higher ecological value by displacement of some
or alf of the existing environmental characteristics. Habitat development and restoration techniques
can be used to minimize adverse impacts and to compensate for destroyed habital. Additional
criteria for compensation measures are provided in subpart J of this part. Use techniques that have
bean demonstratad to be effective in circumstances similar to those under consideration wherever
possible. Where proposed development and restoralion techniques have not yet advanced to the
pilot demonstration stage, initiate their use on a small s¢ale to allow corrective action if
unanticipated adverse impacis oceur;

{e) Timing discharge {0 avoid spawning or migration seasons and other biologically critical lime
periods;

{fy Avoiding the destruction of remnant natural sites within areas already aHected by development.

§ 230.76 Actions affecting human use.
Minimization of adverse effacts on human use polential may be achieved by:

(a) Selecting discharge sites and following discharge procedures to prevent or minimize any
potential damage to the aesthetically pleasing features of the aquatic site (e.g. viewscapes),
particularty with respect to water quality;

(b} Selecling disposal sitee which are not valuable as natural aquatic areas;

(c) Timing the discharge to avoid the seasons or periods when human recreational aclivity
associated with the aquatic site is most important;

(d) Following discharge procedures which avoid or minimize the disturbance of aesthetic features
on an aquatic site or acosystem;

(e} Selecting sites thal will not be detrimental or increase incompatible human activity, or require the
need for frequent dredge or fill maintenance aclivity in remote fish and wildlife areas:

() Locating the disposal site outside of the vicinity of a public water supply intake.

§ 230.77 Other actions.

(a) In the case of fills, controlling runcff and cther dischanges from activities to be conducted on the
fill;

{b) In the case of dams, designing water releases to accommodate the needs of fish and wildlife;

{c) In dredging projects funded by Federal agencies other than the Corps of Engineers, maintain
desired water quality of the return discharae throuah aareement with the Federal funding authority
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on scientifically defensible pollutant concentration levels in addition to any applicable water quality
standards;

(d) When a significant ecological change in the aguatic environment is proposed by the discharge of
dredged or fill material, the permitting authority should consider the ecosystemn that will be lost as
well as the envircnmental benefits of the new system.

Subpart J = Compensatory Mitigation for Losses of Aquatic Resources

& 230.91 Purpose and general considerations.

(a) Purpose,

{1) The purpose of this subpart is to establish standards and criteria far the use of all types of
compensatory mitigation, including on-site and off-site parmittee-responsible mitigation,
mitigation hanks, and in-lieu fee mitigation to offsef unavoidable impacts 10 waters of the state
authorized through the issuance of Orders.

{d) Accounting for regional vanaiions. Where appropriate, the permitting authority shall account for
regional characteristics of aquatic resource types, functions and services when determining
performance standards and rmonitoring requirements for compensatory mitigation projects.

§ 230.92 Definitions.

For the purposes of this subpart, tha following terms are defined:

Adaptive management means the development of a management strategy that anlicipates likely
challenges associated with compensatory mitigation projects and pravides for the implementation of
actions to address those challenges, as well as unforesesn changes to those projects. It requires
consideration of the risk, uncertainty, and dynamic nature of compensatory mitigation projects and
guides modification of those profects to optimize performance. It includes the selection of appropriate
measures that will ensure that the aqualic resource functions are provided and involves analysis of
monitoring results to identify potential problems of a compensatory mitigation project and the
identification and implementation of measures to rectify those problems.

Buffer means an upland, welland, and/or riparian area that protects andfor enhances aquatic
resource functions associated with waters of the state from disturbances associated with adjacent
land uses.

Compensatory mitigation means tha rastoration (re-establishment or rehabilitation}, establishment
(creation), enhancement, and/or in certain circumstances presemation of aquatic resources for the
purposes of offsetting unavoidable advaerse impacts which remain atter all apprapriate and practicable
avoidance and minimization has been achieved.

Compensatory mitigation project means compensatory mitigation implemented by the permittee as a
requirement of an Order {i.e., permittee-responsible mitigation), or by a mitigation bank or an in-lieu
fee program.

Condition means the relative ability of an aquatic rasource to supporl and maintain a community of
organisms having a species compaosition, diversity, and functional organization comparable to
reference aquatic resources in the region,

Credit means a unit of measure (£.3., a funclional or areal measure or other suitable metric)
representing the accrual or attainment of aguatic functions at a compensatory mitigation site, The
measure of aquatic functions is basad on the resources restored, @stablished, enhanced, or
preserved.
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Days means calendar days.

Debit means a unit of measure (e.g., a functional or areal measure or other suitable metric)
representing the loss of aguatic functions at an impact or project site. The measure of aquatic
functions is based on the resources impacted by the authorized activity.

Enhancement means the manipulation of the physical, chemical, or biological characteristics of an
aquatic resource to heighten, intensify, or improve a specific aquatic resource function{s).
Enhancement results in the gain of selected aquatic resource function(s), but may also lead to a
decline in other aquatic resource function{s). Enhancement does not result in a gain in aquatic
resource area.

Establishment {creation) means the manipulation of the physical, chemical, or biological
characteristics present to develop an aquatic resource that did not previously exist at an upland site.
Establishment results in a gain in aquatic resource area and functions.

Functional capacity means the degree to which an area of aquatic resourca performs a specific
function.

Functions means the physical, chemical, and biclogical processes that occur in ecosysiems,
Impact means adverse effect.
In-kind means a resource of a similar structural and functional type to the impacted resource.

In-lieu fee program means a program involving the resloration, establishment, enhancement, andior
preservation of aquatic resources through funds paid to a governmental or nan-profit natural
resources management entity fo satisfy compensatory mitigation requirements for Orders, Similar to
a mitigation bank, an in-lieu fee program sells compensatory mitigatian credits to permittees whose
obligation to provide compensatory mitigation is then transferred to the in-lieu program sponsor.
However, the rules goveming the operation and use of in-lieu fee programs are somewhat different
from the rules governing operation and use of mitigalion banks. The operation and use of an in-lied
fee program are governed by an in-lieu fee program instrument.

In-lieu fee program instrument means the legal document for the establishment, operation, and use of
an in-lieu fee program.

Instrument means mitigation banking instrument or in-lieu fee program instrument.

Mitigation bank means a site, or suite of sites, where resources (e.g., wetlends, streams, riparian
areas) are restorad, established, enhanced, and/cr preserved for the purpose of providing
compansatory mitigation for impacts authorized by Orders. In general, a mitigation bank sells
compensatory mitigation credits to permittees whose obligation to provide compensatory mitigatian is
then transferred to the mitigation bank sponser. The operation and use of a mitigation bank are
governed by a mitigation banking instrument.

Mitigation banking instrument means the legal document for the establishment, operation, and use of
an in-lieu fee program.

Off-site means an area that is neither located on the same parcel of land as the impact site, nor on a
parcel of land contiquous to the parcel containing the impact site.

n-site means an area located on the same parcel of land as the impact site, or on a parcel of land
contiguous to the impact sita.

Qut-of-kind means a resource of a diflerent structural and functional type from the impacted resource.
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Performance standards are abservable ar measurable physical (including hydrological}, chemical
and/ar biological attributes that are used to determine if a compensatory mitigation project meets its
objectives.

Permitllee-responsible mitigation means an agualic resource restoration, establishment,
enhancement, and/or preservation activity undertaken by the permittee {or an authorized agent or
contracion) fo provide compensatary mitigation for which the permittee retains full responsibility.

Preservation means the removal of a threat 1o, or preventing the decline of, aquatic resources by an
aclion in or near those aquatic resourcas. This term includes activities commonly associated with the
proteclion and maintenance of aquatic resources through the implementation of appropriate legal and
physical mechanisms. Preservation does not result in a gain of aquatic resource area or functions.

Re-establishment means the manipulation of the physical, chemical, or biological characteristics of a
site with the goal of returning natural/historic functions to a former aguatic resource. Re-
establishment results in rebuilding a farmer aquatic resource and results in a gain in aquatic resource
area and functions.

Reference aquatic resources are a set of aquatic resources that represent the full range of vanability
exhibiled by a regional class of aquatic resources as a result of natural processes and anthiopogenic
disturbances.

Rehabilitation means the manipulation of the physical, chemical, or hiological characteristics of a site
with the goal of repairing natural’historic functions to a degraded aquatic resource. Rehabilitation
results in 2 gain in aquatic resource function, but does not result in a gain in aquatic resource area.

Restoration means the manipulation of the physical, chemical, or biclogical charactenstics of a site
with the goal of retuming natural/historic funstions to a former or degraded aquatic resource. For the
purpose of tracking net gains in aquatic resource area, restoration is divided into two categories: re-
esfablishment and rehabilitation.

Service area means the geographic area within which impacts can be mitigated at a specific
mitigation bank or an in-lieu fee pragram, as designated in its instrument.

Services mean the benefits that human populations receive from functions that occur in ecosystems.

Sponsor means any public or private entity responsible far astablishing, and in most cireumstances,
aperating a mitigation bank or in-lieu feg program.

Temporal loss is the time lag between the loss of aquatic resource functions caused by the permitted
impacts and the replacement of aquatic resource functions at the compensatary mitigation site.
Higher compensation ratios may be required to compensate for temporal loss. When the
compensatary mitigation project is initiated prior tg, or concurrent with, the permitted impacts, the
permitting authority may determine that compensation for temporal loss is not necessary, unless the
resource has a long development time,

Watershed means a land area that drains {0 a common waterway, such as a stream, lake, estuary,
wetland, or ullimately the ocean.

Watershed approach is defined abowe in the main taxt of these Procedures.
Watershed plan is defined above in the main texl of these Procedures.

§ 230,93 General compensatory mitigation requirements.

(a) General Considerations.
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(1) The fundamental abjective of compensatory mitigation is to offset environmental losses
resulting from unavoidable impacts to waters of the state authorized by Orders. The permitting
authority must determine the compensatory mitigation to be required in an Order, based on
what would be environmentally preferable. In making this determination, the permitting authority
must assess the likelihood for ecological success and sustainability, and the location of the
compensation site relative to the impacl site and their significance within the watershed, and the
costs of the compensatory mitigation project. In many cases, the environmentally preferable
compensatory mitigation may be provided through mitigation banks or in-lieu fee programs
because they usually involve consoclidating compensatory mitigation projacts where ecologically
appropriate, consolidating rescurces, providing financial planning and sciantific expertise (which
often is not practical for permitlee-responsible compensatory mitigation projects), reducing
temporal losses of functions, and reducing uncerainty over project success. Compensatory
mitigation requirements must be commensurate with the amount and type of impact that is
associated with a particular Order. Applicants are responsible for proposing an appropriate
compensatory mitigation option to offset unavoidable impacts.

(2) Compensatory mitigation may be performed using methods of restoration, enhancement,
establishment, and in certain circumstances preservation, Restoration should generally be the
first option considered because the likelthood of 3uccess is greater and the impacts to
potentially ecologically important uplands are reduced compared to establishment, and the
potential gains in terms of aquatic resource functions are greater, compared to enhancement
and preservation,

(3} Compensatory mitigation projects may be sited on public or private lands. Credits for
compensatory mitigation projecls on public land must be based solely on aquatic resocurce
functions provided by the compensatory mitigation project, ovar and above those provided by
public programs already planned or in place. All compensatory mitigation projects must comply
with the standards in section IV of these Procedures, if they are to be used to provide
compensatory mitigation for activities authorized by Orders, regardless of whether they are sited
on public or private fands and whether the sponsor is a governmental or private entity.

{b) Type and location of compensatory mitigation.

{1} In general, the required compensatory mitigation should be located within the same
walershed as the impact site, and should te located where it is most likely to successiully
replace lost functions and services, taking into account such watershed scale features as
aquatic habitat diversity, habitat connectivity, relationships to hydmologic sources {including the
availability of water rights), trends in land use, ecological benefits, and compatibility with
adjacent land uses. When compensating for impacts to marine resources, the location of the
compensatory mitigation site should be chosan to replace lost functions and services within the
same marine ecological system (e.g., reef complex, littoral drifl cell). Compensation for impacts
to aqualic resources in coastal watersheds (watersheds that include a tidal water bady} should
also be located in 2 coastal watershed where practicable. Compensatory mitigation projects
should not be located where they will increase risks to aviation by atiracting wildlife to areas
where aircraft-wildlife strikes may occur {e.g., near airports),

(2) Mitigation bank credits. When permitted impacts are located within the service area of an
approved mitigation bank, and the bank has the appropriate number and resource type of

AQOpPLEa API £, LU1d Fage | £Ld



1088
1089
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085

1086
1087
1088
1089
1080
1091
1092
1093
1094
1095
1096
1097
1098
1098
1100
1101
1102
1103

1104
1105
1106
1107
1108
1108
1110

1111
112

Procedures for Discharges of Dredged or Fill Material to

Waters of the State

credits available, the permittee’s compensatory mitigation requirements may be met by securing
those credits from the sponsor. Since an approved instrument (inciuding an approved mitigation
plan and appropriate real sstate and financial assurances) for a mitigation bank is required to be
in place before its credits can begin to be used to compensate for authorized impacls, use of a
mitigation bank can help reduce risk and uncertainty, as well as temporal loss of resource
functions and services. Mitigalion bank credits are not released for debiting until specific
milestones associated with the mitigation bank site’s protection and development are achieved,
thus use of mitigation bank credits can also help reduce risk that mitigation will not be fully
successtul. Mitigation banks typically involve larger, more ecologically valuable parcels, and
maoye rigorous scientific and technical analysis, planning and implementation than permittee-
responsible mitigation. Also, development of a mitigation bank requires site identification in
advance, project-specific planning, and significant investment of linancial resources that is often
not praclicable for many in-lieu fee programs. For these reasons, the permitting authority
should give preference to the use of mitigation bank credits when these considerations are
applicable. However, these same cansiderations may also be used to overnde this preference,
where appropriate, as, for example, where an in-lieu fee program has released credits available
from a specific approved in-lieu fee project, or a2 permittee-responsible project will restore an
oulstanding resource based on rigorous ecientific and technical analysis.

(3) In-lieu fee pragram credits. Yhere permitted impacts are located within the service area of
an approved in-lieu fee program, and the sponsor has the appropriate number and resource
type of credits available, the permitlee’s compensatory mitigation requirements may be met by
securing those credits from the sponsor. Where permitted impacts are not located in the service
araa of an approved mitigation bank, or the approved mitigation bank does not have the
appropriate number and resourca type of credits available to offset those impacts, in-lieu fee
mitigation, if available, is generally preferable to permitlee-responsible mitigation. In-lieu fee
projects typically involve larger, more ecologically valuable parcels, and more rigorous scientific
and technical analysis, planning and implementation than permittee-responsible miligation.
They also devote significant resources 1o identifying and addressing high-priority resource
needs on a watershed scale, as reflected in their compensation planning framework. For these
reasons, the permitting authority should give preference to in-lieu fee program credits over
permittee-responsible mitigation, where these considerations are applicable. However, as with
the preference for mitigation bank credits, these same congiderations may be used to override
this preference where appropriate. Additionally, in cases where permittee-responsible
mitigation is likely to successfully meet performance standards before advance credits secured
from an in-lieu fee program are fulfilled, the permitting authority should also give consideration
to this factor in deciding between in-lisu fes mitigation and permittee-responsible mitigation.,

{4) Pemitlee-responsible mitigation under a watershed approach. Where permitted impacis
are not in the service area of an approved mitigation bank or in-lieu fee program that has the
appropriate number and resource type of credits available, permitlee-responsible mitigation is
the only option. Where praclicable and fikely to be successful and sustainable, the resource
type and location for the required permittee-responsible compensatory mitigation should be
determined using the principles of a watershed approach as outlined in paragraph (c) of this
section.

(5) Permittee-responsible mitigation through on-site ang in-kind mitigation. In cases where a
watershed approach is not practicable, the permitting authority should consider opportunities to
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offset anticipated aquatic resource impacts by requinng on-site and in-kind compensatory
mitigation. The permitling authority must also consider the practicability of or-site
compensatory mitigation and its compatibility with the proposed project.

{6} Permittee-responsible mitigation through off-sile and/or out-of-kind mitigation. If, after
considering opportunities for on-site, in-kind compensatory mitigation as provided in paragraph
{b}{5} of this section, the permitting authority determines that these compensatary mitigation
opportunities are not practicable, are unlikely to compensate for the permitted impacts, or will be
incompatible with the proposad project, and an alternative, practicable off-site and/or out-of-kind
mitigation opportunity is identified that has a greater likelihood of offsetting the permitied
impacts or is environmentally preferable to an-site or in-kind mitigation, the permitting autharity
should require that this alternative compensatory mitigation be provided,

(c) Watershed approach to compensatory mitigation.

{1) The permitling authority must use a watershed approach to establish compansatory
mitigation requirements in Orders as dascribed in the main fext of the Procedures. Where a
watershed plan is available, the permitting authority will determine whether the plan meets the
definition of watershed plan in the Procedures and therefore is appropriate for use in the
watershed approach for compensatory mitigation. In cases where the permitting authority
determines that an appropriate watershed plan is available, the watershed approach should be
based on that plan. Where no such plan is available, the watershed approach should be based
on informatian provided by the project sponsor or available from other sources. The uliimate
goal of a watershed appraach is to maintain and improve the abundance, diversity, and
condition of aquatic resources within watersheds through strategic selection of compensatory
mitigation sites.

{2) Considerations.

{i) A watershed approach to compensatory mifigation considers the imperlance of condition,
landscape position and resource type of compensatory mitigation projects for the
sustainability of aquatic resourge functions within the watershed. Such an approach
considers how the condition, types, and locations of compensatory mitigation projects will
provide the desired aquatic resource functions, and will continue to function over time in a
changing landscape. It also considers the habitat requirements of important spacies, habitat
loss or conversion trends, sources of watershed impairment, and current development
trends, as well as the requirements of other regulatory and non-regulatory programs that
affect the watershed, such as storm water management or habitat conservation programs. it
includes the protection and maintanance of terrestrial resources, such as non-wetland
riparan areas and uplands, when those resources contribute to or improve the overall
ecalogical functioning of aguatic resources in the watershed. Compensatory mifigation
requirements determined through the watershed approach should not focus exclusively on
specific functions (e.g., water quality or habitat tor certain species}, but should provide, where
practicable, the suite of functions typically provided by the affected aquatic resource.

{ii) Locational factors (e.g., hiydrology, surrounding land use) are important to the success of
compensatory mitigation for impacted habitat functions and may lead to siting of such
mitigation away from the project area. However, consideration should also be given to
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functions and services (e.g., water quaiity, loeod control, shoreline protection) that will likely
need to be addressed at or near the araas impacied by the permitled impacts.

{iii} A watershed approach may include on-site compensatory mitigation, off-site
compansatory mitigation {including mitigation banks or in-lieu fee programs), or a
combinatien of on-site and off-site compensatory mitigation.

{iv) A watershed approach to compensatory mitigation should include, to the extent
practicable, inventeries of historic and existing aquatic resources, including identification of
degraded aguatic resources, and identification of immediate and long-term aguatic resource
needs within watersheds that can be mel through permitiee-responsible mitigation projects,
mitigation banks, or in-lieu fee programs. Planning efforts shauld identify and prioritize
aquatic resource restoration, establishment, and enhancement activities, and preservation of
axisting aquatic rasources that are important for maintaining or improving ecalagical functions
of the watershed. The identification and prioritization of resource needs should be as specific
as possible, to enhance the usefulness of the approach in determining compensatory
mitigation requiremeants.

{v) A watershed approach is not appropriate in areas where watershed boundaries do not
exist, such as marine areas. In such cases, an appropriate spatial scale should be used to

replace los{ functions and services within the same ecological system (e.g., reef complex,
flittoral drift cell).

(3) Information Needs.

() In the absence of a watershed plan determined by the pemmitting authority under
paragraph {c)(1) of this saction to be appropriate for use in the watershed approach, the
permitling authority will use a watarshed approach based on analysis of informatian
reparding watershed conditions {(as identified in the watershed profile} and needs, including
potential sites for aquatic resource restoration activities and prigrities for aquatic resource
restoration and preservation. Such information includes: Cument trends in habitat loss or
conversion; cumulative impacis of past development activities, current development trends,
the presence and needs of sensitive species, site canditions that favor or hinder the succsss
of compensatory mitigation projects; and chronic environmental problems such as flooding or
poor water quality,

(i) This information may be available from sources such as wetland maps; soil surveys; U.S.
Geological Survey topographic and hydrologic maps; aerial photographs; information on rare,
endangered and threatened species and critical habitat; local acological reporis or studies;
and other information sources that could be used to identify locations for suitable
compensatory mitigation projects in the watershed.

(i)} The level of information and analysis needed to support a watershed approach must be
commensurate with the scope and scale of the proposed impacts requiring an Qrder, as well
as the funclions lost as a result of those impacts.

(4) Watershed Scale. The size of watershed addressed using a watershed approach should not
be larger than is aporanriate te ensure that the aauatic resaurces orovided thrauah
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compensation activities will effectively compensate for adverse environmental impacts resulting
from activities authorized by Qrders. The permitting authority should consider releyant
environmenlal factors and appropriate locally-developed standards and criteria when
determining the appropriate watershed scale in guiding compensation activities.

(d} Sile selection.

(1) The compensatory mitigation project site must be ecologically suitable for providing the
desired aquatic resource functions. In determining the ecological suitability of the compensatory
mitigation project site, the permitting authorily must consider, to the exient praclicable, the
following factors:

(i} Hydrological conditions, soil characteristics, and other physical and chemical
charagleristics,;

(ii} Watershed-scale features, such as aquatic habitat diversity, habitat connectivity, and
other jandscape scale funclions;

{iii} The size and location of the compensatory mitigation site relative to hydrologic sources
{including the availability of water rights) and other ecological features;

(iv) Compatibility with adjacent land uses and watershed manag&ment plans;

{v) Reasonably foreseeable effects the compensatory mitigation project will have on
ecologically important aquatic or terrestrial resources (e.g., shallow sub-tidal habitat, mature
forests), cultural siles, or habitat for federally- or stale-listed threafened and endangered
species; and

{vi) Other relevant factors including, but not limited to, development trends, anticipated land
use changes, habitat status and trends, the relative locations of the impact and mitigation
sites in the stream network, local or regional goals for the restoration or protection of
parlicular habitat types or functions {e.g., re-esiablishment of habitat corridors or habitat for
species of concern), water quality goals, floodplain management goals, and the relative
potential for chemical contamination of the aquatic resources.

(2) Permitting authorities may require on-site, off-site, or a combination of on-site and off-site
compensatory mifigation to replace permitted losses of aguatic resource functions and searvices.

(3) Applicants should propose compensalion sites adjacent to existing aquatic resources or
where aquatic resources previously existed,

(e} Mitigation type.

(1) In general, in-kind mitigaticn is preferable to cut-of-kind mitigation because it is most likely to
compensate for the functions and sarvices [ost at the impact site, For example, tidal wetland
compensatory mitigatian prajects are most likaly to compansate far unavaidable impacts to tidal
wetlands, while perennial stream compensatory mitigation projects are most likely to
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compensate for unavoidable impacts to perennial streams. Thus, excepl as provided in
paragraph {e}(2} of this section, the required compensatory mitigation shall be of a similar type
o the affecled aquatic resource.

{2) If the permitling autherity determines, using the watershed approach in accordance with
paragraph (c) of this section that out-of-kind compensatory mitigation will serve the aguatic
resource needs of the watershed, the permitting authority may authorize the use of such put-of-
kind compensatory mitigation. The basis for authorization of out-of-kind compensatory
mitigation must be documented in the administrative record for the Qrder action.

{3) For difficuli-tc-replace resources {e.g., bogs, fens, springs, streams, vegetated seasonal
wetlands, slope and seep wetlands, vemal paols, and wet meadows) if further avoidance and
minimization is not practicable, the required compensation should be provided, if practicable,
through in-kind rehabilitation, enhancement, or preservation since there is greater certainty that
these methods of compensation will successfully offset permitted impacts.

{f Amount of compensatory mitigation.

{1) If the permilting authority determines that compensatory mitigation is necessary to offset
unavoidable impacts to aquatic reésources, the amaount of required compensatory mitigation
must be, to the extent practicable, sufficient to replace lost aquatic resource functions. In cases
where apprapriate functional or condition assessment methods or other suitable metrics are
available, these methods should be used where praclicable 1o determine how much
compengatory mitigation is required.

(2) The permitting authority must require a mitigation ratio greater than one-to-one where
necessary to account for the method of compensatory mitigation (e.g., preservation), the
likelihood of success, diflerences between the functions lost at the impact site and the functions
expected to be produced by the compensatory mitigation project, temporal losses of aguatic
resource functions, the difficulty of restoring or establishing the desired aquatic rescurce type
and functions, and/or the distance between the affected aquatic resource and the compensation
site. The rationale for the required replacement ratio must be documented in the administrative
record for the Order action.

(3) If an in-lieu fee program will be used to provide the required compensatory miligation, and
the appropriale number and resource type of released credits are not available, the permitting
authority must require sufficient compensation to account for the risk and uncertainty associated
with in-lieu fee projecis that have not bean implsmented before the permitted impacts have
occurred.

{g) Use of mitigafion banks and in-lieu fee programs, Mitigation banks and in-lieu fee programs
may be used to compensate for impacis to aquatic resources authorized by general Orders and
individual Orders in accordance with the preference hierarchy in paragraph {b) of this seclion.
Mitigation banks and inieu fee programs may also be used to satisfy requirements arising out of an
enforcemant action, such as supplemental environmental projects.

(h) Preservation.
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{1} Preservation may be used to provide compensatory mitigation for activities authorized by
Orders when all the following criteria are met:

{i) The resaurces to be preserved provide important physical, chemical, or biological
functions far the watershed;

{ii) The resources to be preserved contribute significantly to the ecological sustainability of
the watershed. In determining the contribution of those resources to the ecological
sustainability of the watershed, the permitting authority must use appropriate quantitative
assessment tools where available;

{iiiy Preservation is determined by the permitting authority to be appropriate and practicable;
(iv) The resources are under threat of destruction ar adverse modifications; and

(v} The preserved site will be permanently protected through an appropriate real estate or
other legal instrument (e.g,, easement, title transfer to state resource agency or land trust),

(2) Where preservation is used to provide compensatory mitigation, to the extent appropriate
and practicable the preservation shall be done in conjunction with aquatic resource restoration,
establishment, and/or enhancement activities. This requirement may be waived by the
permitting authority where preservation has been identified as a high priority using a watershed
approach described in paragraph (c} of this section, but compensation ratios shall be higher.

{i} Buffers. The permitting authority may require the restoration, establishment,
enhancement, and preservation, as well as the maintenance, of riparian areas and/or buffers
around aquatic resources where necessary to ensure the long-term viability of those
resources, Buffers may also provide habitat or corndors necegsary for the ecological
functioning of aquatic resources. If buffers are required by the permitting authority as part of
the compensatory mitigation project, compensatory mitigation credit will be provided for those
buffers, as provided in section |V B.5 (c).

(i Relationship to cther federal, tribal, state, and local programs.

{1y Compensatory mitigation projects for Crders may also be used to satisfy the environmental
requirements of other programs, such as tribal, state, or local wetlands regulatory programs,
other federal programs such as the Surfaca Mining Control and Rectamation Act, Corps civil
works projects, and Department of Defense military construction projects, consistent with tha
terms and reguirements of these programs and subject to the following considerations:

{i) The compensatory mitigation project must inctude appropriate compensation required by
the Order tor unavoidable impacts to aquatic resources authorized by that Order.

(i) Under no circumstances may the same credits be used to provide mitigation for more than
ane permitted activity. However, where appropriate, compensatary mitigation projects,
including mitigation banks and in-lieu fee projects, may be designed to holistically address
requirements under multiple programs and authorities for the same activity.
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(2) Except for projects underlaken by federal agencies, or where federal funding is specifically
authorized to provide compensatory mitigation, federally-funded aquatic resource restoration or
conservation projects undertaken for purposes other than compensatory ritigation, such as the
Wetlands Reserve Program, Conservation Reserve Program, and Partners for Wildlife Program
aclivities, cannot be used for the purpose of generating compensatory mitigation credits for
aclivities authorized by Orders. However, compensatory mitigation credits may be generated by
aclivities undertaken in conjunction with, but supplemental to, such pragrams in arder to
maximize the overall ecological benefits of the restaration or conservation project.

(3) Compensatory mitigation projects may alsc be used to provide caompensatory mitigation
under the federal and state Endangered Species Act or for Natural Community Conservation
Plans and Habitat Conservation Plans, as long as they comply with the requirements of
paragraph {K1) of this section.

(k) Order conditions.

(1} The compensatory mitigation requirements far an Order, including the amount and type of
compensatory mitigation, must be clearly slated in the special conditions of the individual Qrder
or authorization to use the genaral Order. The special conditions must be enforceable.

{2} For an Order that requires permittee-responsible mitigation, the special conditions must:
(i} Identify the party responsible for providing the compensatory mitigalion;

(ii} Incarporate, by reference, the final or draft mitigation plan approved by the permitting
authority,

(i} State the objeddives, performance standards, and monitoring required for the
compensatory mitigation project, unless they are providad in the approved final mitigation
plan; and

{iv) Describe any required financial assurances or long-term management pravisions for the
compensatory mitigation project, unless they are specified in the approved final mitigation
plan.

{(4) If a mitigation bank or in-lieu fee program is used to provide the required compensatory
mitigation, the special canditions must indicate whether a mitigation bank or in-lieu fee program
will be used, and specify the number and resource type of credils the permitiee is required to
secure. In the case of an individual Order, the special condition must also identify the specific
miligation bank or in-lieu fee program that will be used. For autharizations to use a general
Order, the special conditions may either identify the specific mitigation bapk or in-lieu fee
program, or state that the specific mitigation bank or in-lieu fee program used o provide the
required compensatory mitigation must be approved by the permitting authority before the
credits are secured.

{1} Party responsible for compensatory mitigation,
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{1} For permittee-respensible mitigation, the special conditions of the Order must clearly
indicate the party or parties responsible for the implementation, performance, and long-term
management of the compensatory mitigation project.

(3} If use of a mitigation bank or in-keu fee pragram is approved by the permitling authority to
provide part or all of the required compensatory mitigation for an Qrder, the permittee retains
responsibility for providing the compensatory mitigation until the appropriate number and
resource type of credits have been secured from a sponsar and the permitling authority has
recaived documentation that confirms that the sponsor has accepted the responsibility for
providing the required compensatory mitigation. This documentation may consist of a letter or
form signed by the sponsor, with the Order number and a statement indicating the number and
resource type of credits that have been secured from the sponsor. Copies of this
documentation will be retained in the administrative records for both the Order and the
instrument. [f the sponsor fails to provide the required compensatory mitigation, the permitting
authority may pursue measures against the sponsor to ensure compliance,

{m) Timing. Implementation of the compensatory mitigation project shall be, to the maximum axtent
practicable, in advance of or concurrent with the activity causing the authorized impacts. The
permitting authority shall require, to the extent approprate and practicable, additional compensatory
mitigation to offset temporal losses of aquatic funclions that will result from the permitted actwvily.

{n) Financial assurances.

(1) The permitting aulhority shall require sufficient financial assurances to ensure a high level of
confidence that the compensatory mitigation project will be successfully completed, in
accordance with applicable performance standards. in cases where an altemate mechanism is
available to ensure a high level of confidence that the compensatery mitigation will be provided
and maintained (e.g., a formal, documentad commitment from a government agency or puklic
authority) the permitting authority may determine that financial assurances are not necessary for
that compensatory mitigation project.

(2) The amount of the requirad financial assurances must be determined by the pemmnitting
autharity, in consultation with the project sponsor, and must be based on the size and
complexity of the compensatory mitigation project, the degree of completion of the project at the
time of project approval, the likelihood of success, the past perfformance of the project sponsor,
and any other factors the permitting authority deems appropriate. Financial assurances may be
in the form of performance bonds, escrow accounts, casualty insurance, letters of cradit,
leqgislative appropnations for government sponsored projects, or other appropriate instruments,
subject to the approval of the permitting authority, The rationale for determining the amount of
the required financial assurances must be documented in the administralive record for either the
Qrder or the instrument. In determining the assurance amount, the permitting authority shall
consider the cosi of providing replacemeant mitigation, including costs for land acquisition,
planning and engineering, legal fees, mobilization, construction, and monitoring.

(3} If financial assurances are required, the Order mus! include a special condition requiring the
financial assurances to be in place prior to commencing the pamitted activity.
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(4} Financial assurances shall be phased out once the compensatory mitigation project has
been determined by the permitting authority to be successful in accordance with its performance
standards. The QOrder or instrument must clearly specify the conditions under which the
financial assurances are to be released to the permittee, sponsor, andior oiher financial
assurance provider, including, as appropriate, linkage to achievament of pedormance
standards, adaptive management, or compliance with special conditions.

(5) A financial assurance must ba in a form that ensures that the permitting authority will receive
notification at least 120 days in advance of any termination or revocation, For third-party
assurance providers, this may take the form of a contractual requirement for the assurance
provider to notify the permitting authority at least 120 days before the assurance is revoked or
terminated.

{8) Financial assurances shall be payable at the direction of the permitling authority to his
designee or to a standby trust agreement. ¥When a standby trust is used (e.g., with perfarmance
bonds or letters of credit} all amounts paid by the financial assurance provider shall be
deposited directly into tha standby trust fund for distribution by the trustee in accordance with
the permitting authaority's instructions.

(o) Compliance with applicable law. The compensatory mitigation project must comply with all
applicable federal, state, and local laws. The Order, mitigation banking instrument, or in-lieu fee
program instrument must not require participation by the permitting authority in project
management, including receipt or management of financial assurances or long-term financing
mechanisms, exceapt as determined by the permitting authority to be consistent with its slatutory
autherity, mission, and priorities.

§ 230.94 Planning and documentaiion.

(a) Pre-application consultations, Potential applicants for Orders are encouraged to participate in
pre-applicalion meetings with the permitling authority and appropriate agencies to discuss potential
mitigation requirements and information needs.

(c) Mitigation plan.
{1) Preparation and Appraval.

(i) For individual Orders, the permitlee must prepare a draft mitigation plan and submit it to
the permitling authority for review prior to issuing the Crder. Afer addressing any comments
provided by the permitting authority, tha permittee must prepare a final mitigation plan, which
musl be approved by the permitling authonty prior to commencing work in waters of the state.
The approved final mitigation plan must be incorporated into the individual Order either as an
attachment or by reference. The final mitigation plan must include the items described in
paragraphs (c){2) through (c)(14) ot this section, but the ievel of detail of the mitigation plan
should be cormmensurate with the scale and scope of the impacts. As an alternative, the
permitting authority may determine thal it would be maore appropriate to address any of the
items described in paragraphs (c}{2) through (c){14) of this seclion as Order conditions,
instead of components of a compensatory mitigation plan. For permittees who intend to fulfill
their compensatory mitigation obligations by securing credits from approved mitigation banks
or in-lieu fee programs, their mitigation plans need include only the items described in
paragraphs (c)({5) and (c)(6) of this section, and the name of tha specific mitigation bank or
in-lieu fee program to be used.
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{2} Objectives. A description of the resource type(s) and amount(s) that will be provided, the
method of compensation {i.e., restoration, establishment, enhancement, and/or preservation),
and the manner in which the resource functions of the compensatory mitigation project will
address the needs of the watershed, ecoregion, physiographic pravince, or other geographic
area of interest.

(3} Site selection. A description of the factors considered during the site selection process.
This should include consideration of watershed needs, on-site altematives where applicable,
and the practicability of accomplishing ecologically self-sustaining aquatic resource rastoration,
estahlishmant anhancement, and/or preservation al the compensatory mitigation project site.
(See '

(4) Site protection instrument. A description of the legal arrangements and instrument, including
site ownership, that will be n=ed tn anuire the long-term protection of the compensatory
mitigation project site (see

(5) Baseline information. A description of the ecological characterlstics of the proposed
compensatory mitigation project site and, in the case of an application for an Order, the impact
site. This may include descriptions of historic and existing plant communities, historic and
existing hydrology, soil conditions, a map showing the locations of the impact and mitigation
site(s) or the geographic caocrdinates for those site(s), and aother site characteristics appropriate
to the type of resource proposed as compensation. The baseline information should also
include a delineation of waters of the state on the proposed compensatory mitigation praject
site. A prospective permittee planning to secure credits from an approved mitigation bank or in-
lieu fee praogram only needs to provide baseline infarmatian about the impacl site, not the
mitigation bank or in-lieu fee project site.

(6) Determination of credits. A description of the number of eredits tn ha provided, including a
brief explanatinn of the rationale for this determination. (Se¢ |

(i) For permittee-responsible mitigation, this should include an explanation of how the
compensatory mitigation project will provide the required compensation for unayoidable
impacls to aquatic resources resulting from the permitted activity.

(i) For permiltees intending to secure credils from an approved mitigation bank or in-lieu fee
prograrn, it should include the number and resource type of credits to be secured and how
these were determined,

(7) Mitigation work plan. Detailed wrilten specifications and work descriptions for the
compansatory mitigation project, including, but not limited to, the geographic boundaries of the
project; col  ruction methods, timing, and sequence; source(s) of water, including conneciions
to existing waters and uplands; methods for establishing the desired plant community; plans to
control invesive plant species; the proposed grading plan, including elevations and slopes of the
substrate; soil management; and erosion control measures. For stream compensatory
mitigation projects, the mitigation work plan may also include other relevant inforrnalion, such as
planform geometry, channe! form {e.g., typical channel cross-sections), watershed size, design
discharge, and riparian area plantings.

(8) Maintenance plan. A dascription and schedule of maintenance requirements to ensure the
continued viability of the resource once initial construction is completed.

(9) Performance standards. Ecologically-based standards that will be used tn daterming
whether the compensatory mitigation project is achieving its objectives. (See¢ !
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{10) Monitoring requirements. A description of parameters to be monitored in order to
determine if the compensatory mitigation project is on track to meet performance standards and
if adaptive management is needed. A schedule for monitorina and reporting on monitoring
results ia the permitting authority must be included, (See |

{11) Long-term management plan. A description of how the compensatory mitigation project will
e managed after performance standards have been achieved 1o ensure the long-term
sustainability of the resource, including long-tarm financina mechanisms and the party
responsible for long-term management. (Ses¢ |

{12) Adaptive management plan. A management strategy to address unforeseen changes in
site conditions or other components of the compensatory mitigation project, including the party
or parlies responsible for implementing adaptive management measures. The adaptive
management plan will guide decisions for revising compensatory mitigation plans and
implementing measures to address both foreseeable and 1nfarmeran circumstances that
adversely affect compensatory mitigation success, (See |

(13} Financial assurances. A description of financial assurances that will be provided and how
they are sufficient to ensure a high level of confidence that the compensatory mitipation pmiart
will be successfully completed, in accordance with its performance standards (see

(14) Other information. The pemmitting authority may require additional information as
necessary 1o determine the appropriateness, feasibllity, and practicability of the compensatory
mitigation project.

§ 230.95 Ecological performance standards.

{a) The approved mitigation plan musl contain performance standards that will be used to assess
whether the projecl is achieving its objectives. Performance standards should relate to the
objectives of the compensatory mitigation project, so that the projecl can be objeclively evaluated to
determine if it is developing into the desired resource type, providing the expected condition or
functions, and atisining any other applicable metrics (e.g., acres).

{b) Performance standards must be based on attributes that are objective and verifiable. Ecological
performance standards must be based on tha best available science that can be measured or
assessed in a practicable manner. Performance slandards may be based on variables or
measures of functional capacity or condition as described in assessment methodologies,
measurements of hydrology or other aquatic resource characteristics, and/or comparisons to
reference aquatic resources of similar type and landscape position. The use of refaerence aquatic
resources g eslablish performance standards will help ensure that those performance standargs
are reasonably achievable, by reflecting the range of variability exhibited by the regional class of
aquatic resources as a resukt of natural processes and anthropogenic dislurbances. Performance
standards based on measurements of hydrology should take into consideration the hydrologic
vanability exhibited by reference aguafic resources, especially wetlands. Where praclicatble,
parformance standards should take into account the expected slages of the aquatic resource
development process, in order to allow early identification of potential problems and appropriate
adaptive management.

§ 230.96 Monitoring.

(a) General.

(1} Monitoring the compensatory mitigation projecl site is necessary to determine if the projecl is
meeting its performance standards, and to determine if measures are necessary to ensure that
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the compensatory mitigation project is accomplishing its objectives. The submission of
monitoring reports to assess the development and condition of the compensatory mitigation
project is required, but the content and level of detail for those monitoring reports must be
commensurate with the scale and scope of the compensatory mitigation project, as well as the
compensatory mitigation project type. The mitigation plan must address the monitoring
regquirements for the compensatory mitigation project, including the parameters to be monitored,
the length of the monitoring period, the party responsible for conducting the menitoring, the
frequency for submitting monitoring reperts to the permitting authority, and the party responsible
for submitting those monitoring reports to the permitling authority.

(2) The permitting authority may conduct site inspections on a regular basis {(e.g., annualiy}
during the monitoring period to evaluate mitigation site performance.

(b) Monitoring period. The mitigation plan must pravide for a monitoring period that is sufficient to
demonstrate that the compensatory mitigation project has met performance standards, but not less
than five years. A longer monitoring period must be required for aquatic resources with slow
development rates {e.g., forested wetlands, bogs). Following project implementation, the permitting
authority may reduce or waive the remaining monitoring requirements upon a delermination that the
compensatory miligation project has achieved its performance standards. Conversely the
pemmilting authority may extend the original monitoring period upon a determination that
performance standards have not been met or the compensatory mitigation project is not on track to
meet them. The permitting authority may also revise monitoring requirements when remediation
and/or adaptive management is required.

(c} Monitoring reports.

(1) The permitting autharity must determine the information to be included in monitoring reporis.
This information must be sufficient for the permitting authority to determine how the
compensatory mitigation project is progressing towards meeting its peformance standards, and
may include plans {such as as-built plans), maps, and photagraphs to illustrate site conditions,
Monitoring reports may alse include the results of functional, condition, or other assessments
usad to provide quantitative or qualitative measures of the functions provided by the
compensatory mitigation project site.

(2) The permittee or sponsor is responsible for submitting monitoring reports in accordance with
the special conditions of the Order or the terms of the instrument. Failure to submit monitoring
reports in a timely manner may result in compliance action by the permitting authority,

(3) Moniloring reports must be provided by the permitting authority to interested federal, tribal,
state, and local resource agencies, andg the public, upon request.

§ 230 .97 Management.

(a) Site protection.

{1} The aquatic habitats, riparian areas, buffers, and uplands that comprise the overall
compensatory mitigation project must be provided long-term protection through real estate
instruments or other available mechanisms, as appropriate. Long-term protection may be
provided through real estate instruments such as conservation easements held by entities such
as federal, tribal, state, or local resource agencies, non-profit conservation organizations, or
private land managers; the transfer of tille to such entities; or by restrictive covenants, For
government property, long-term proteclion may be provided through state or federal facility
management plans or integrated natural resources management plans. When approving a
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pemmitting authority shall consider relevant legal constraints on the use of conservation
easements andfor restriclive covenants in determining whether such mechanisms provide
sufficient site protection. To provide sufficient site protection, a conservation easement or
restrictive covenant should, where practicable, establish in an apprapriate third party {s.g.,
govemmental or non-profit resource management agency) the right to enforce sile protections
and provide the third parly the resources necessary to monitor and enforce these sile
protections.

(2) The real estate instrument, management plan, or other mechanism providing long-term
protection of the compensatory mitigation site must, to the exient appropriate and practicable,
prohibit incompatible uses {e.g., clear cutting or mineral extraction) that might otherwise
jeopardize the objeclives of the compensatory mitigation project. Where appropriate, multiple
instruments recognizing compatible uses (e.g., fishing or grazing rights) may be used.

(3) The real estate instrument, management plan, or other long-term protection mechanism
must contain a provision requiring 60—day advance notification to the permitting authonty before
any action is taken to void or modify the instrument, management plan, or leng-term protection
mechanism, including transfer of title to, or astablishment of any other legal claims over, the
compensatory mitigation site.

(4) For compensatory mitigation projects on public lands, where state or Federal facility
management plans or inftegrated natural resources management plans are used to pravide long-
term protection, and changes in statute, regulation, or agency needs or mission results in an
incompatible use on public lands originally set aside for compensatory miligation, the public
agency authonzing the incompatible use is responsible for providing altermnative compensatory
mitigation that is acceptable to the permitting authority for any loss in functions resulting from
the incompalible use.

(5) A real estate instrument, management plan, or other long-term protection mechanism used
for site protection of permittee-responsible mitigation must be approved by the permitting
autherity in advance of, or concurrent with, the activity causing the authorized impacts.

{b) Sustainability. Compensatory mitigation projects shall be designed, to the maximum extent
practicable, to be self-sustaining once performance standards have been achieved. This includes
minimization of active anginearing features {e.9., pumps) and appropriate siting to ensure that
natural hydrology and landscape context will support long-lerm susiainability, Where active long-
term management and maintenance are necessary to ensure long-term sustainability {e.qg.,
prescribed burning, invasive species control, maintenance of water control structures, easement
enfarcement), the responsible parly must provide for such management and maintenance. This
includes the provision of long-term financing mechanisms where necessary. Where needed, the
acquisition and protection of water rights must be secured and documented in the Order conditions
or instrurment,

(c) Adaplive management.

(1) If the compensalory mitigation project cannot be constructed in accordance with the
approved mitigation plans, the permittee or sponsor must notify the permitting authority. A
significant modification of the compensatory mitigation project requires appraval from the
permitting authority.

{2} If monitoring or other information indicates that the compensatory mitigation project is not
progressing towards meeting its perfformance slandards as anticipated, the responsible party
must notify the permitting authority as soon as possible. The permitting authority will evaluate
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and pursue measures to address deficiencies in the compensatory mitigation project. The
permitting authority will consider whether the compensatory mitigation project is providing
ecological benefits comparable to the originat objectives of the compensatory mitigation project.

{3} The permitting authority, in consultation with the responsible party {and other federal, tribal,
state, and local agencies, as appropriate), will determine the appropriate measures. The
measuras may include site modifications, design changes, revisions to maintenance
requiraments, and revised monitoring requirements. The measures must be designed to ensure
that the modified compensatory mitigation project provides aquatic resource functions
comparable to those described in the mitigation plan objectives,

{4} Performance standards may be revised in accordance with adaptive management to
account for measures taken to address deficiencies in the compensatory mitigation project.
Performance standards may also be revised to reflect changes in management strategies and
objeclives if the new standards provide for ecological benefits that are comparable or superior to
the approved compansatory mitigation project. No other revisions fo performance standards will
be allowed except in the case of natural disasters.

{d) Long-term managemen.

(1) The Crder conditions or instrument must identify the party responsible for ownership and all
long-term managament of the compensatory mitigation project, The Order conditions or
inslrument may contain provisions allowing the permittee or sponsor to transfer the long-term
management responsibilities of the compensatary mitigation project site to a land stewardship
entity, such as a public agency, non-governmental organization, or private land manager, after
review and approvat by the permitting authority. The land stewardship entity need not be
identified in the original Order or instrument, as long as the future transfer of long-term
management responsibility is approved by the permitting authority.

(2) A long-term management plan should include a description of long-term management
needs, annual cost estimates for these needs, and identify the funding mechanism that will be
usad to meet those needs.

(3) Any provisions necessary for long-termn financing must be addressed in the ariginal Qrder or
instrument. The permitting authority may require provisions to address inflationary adjustments
and other contingencies, as appropriate. Appropriate long-term financing mechanisms include
non-wasting endowments, trusts, contractual arrangements with future responsible parlies, and
other appropriate financial instruments. In cases where the long-term management entity is a
public authority or government agency, that entity must provide a plan for the long-term
financing of the site.

(4) For permitiee-responsiole mitigation, any long-term financing mechanisms must be
approved in advance of the activity causing the authorized impacts.
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