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dizgolve 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
roughly seven times in rapid succession (Briggs
1987, Stebbins 2003, Elliott et al. 2009).
Within its California range, this species is
most likely to be confused with the Cascades
frog {R. sascadae). Although similar, R. casca-
dae 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 [rog (Stebbins 2003). In addition,
the underside of the legs are yellow tan in R.
cascadae {reddish in R. pretiose), the eyes are
oriented dorsally when viewed from above in R.
presiosa (oriented cutwardly in R. sascadae), and
R. pretiosa has full, rather than partial webbing
Letween the toes of the rear legs. The Columbia
spotted frog (R. lutefventris) may also accur in
California, and it could also be confused with R,
pretiosa (scc the “Distribution” section).

Taxonotnic Relationships

Green el al {1996, 1997) divided Rara pretiosa
into two species, R. pretiosa and R. luteiventris,
based on morphology and allezyme variation.
The two taxa are morphologically similar {usu-
ally distinguishable in the field based on the
ventral mottling in R. pretiosa; 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. zoed).

Life History

No data on life history of California populations
exist and much of the data from elsewhere in
the range occuzred before the partitioning of
Rana pretiosa and R. luteiventris. As California
populations of K. pretiosa are at the extreme
southern edge of the species’ range, the timing
of life history events may accur earlier relative
to those reported from more northerly sites,
although the high elevation of California sites
may compensate for any potential latitudinal
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gradient. California populations were peo-
graphically closest to Oregon frogs from the
Klamath basin, and those populations may
scrve as the best models for California.

Frogs emerge from hibernation as soon as
the winter thaw permits {Stebbins zco3) and
water temperatures rise to about §°C {C. Pearl,
pers. comm.). Rana pretiosa breeds explosively
soon after emergence, usually over a 1-or 2-week
period. Males often congregate in shallow water
and begin to call {Licht 196¢, Nussbaum et al.
1981). 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
egg mass mortality when waters recede rapidly,
leading to stranding, desiccation, and/or freez-
ing {Licht 1971, Briggs 1987). However, eggs
from multiple sites in Oregon were found to
resist near-freezing terperatures as long as they
remained beneath the water surface {Bower.
man and Pear} 2010}, Artificially incubated egg
masses hatch in as few as 7z hours to as many
as 40a hours, depending on temperature {25°C
and 10°C, respectively), followed by metamor-
phosis in approximately 4 months (Licht 1971).

Males appeat to have lower survivorsbip
than feinales, presumably due to the longer
periods of time that they spend in breeding
congregations and the resulting exposure to
predation {Licht 1974, Chelgren et al. 2008,
Post-netainorphic frogs consume a wide vari-
ety of invertebrate prey including insects, occa-
sional mollusks, and crustaceans, as well as
small vertebrates including anurans (Nuss-
baum et al. 1983, Licht 1gBGb, Pearl and Hayes
2002, Pearl et al. zoogb}.

Habitat Requirernents

[nformation on habitat uiilization in California
is very limited, although habitat requirements
are better studied elzewhere 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
tarely found away from the water (Licht 198Ga).
It frequenily uses temporary 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. 2001). Breeding
accurs in shallow water with aquatic vegetation
(Licht 1971, Watson et al. 2003). [n Oregon, ovi-
position sites occurred, on average, I4.I m
(range ¢.08-35.¢ m] from the shore in water
that was 18 5 cm deep (range 1—57 cm] (Pearl et
al. 2009}, Al one site in Washington, the spe-
cies overwintered in shailow water, where it
buried itself at the base of emergent planis
{Watson et al. 2z003). Overwintering in flowing
springs has also been documented {Chelgren
et al. 2008). Overland dispersal appears to be
nuite limited, and the species may require habi-
tat where the shallow-water breeding and over-
wintering habitats are connected to deep-water
refuge habitat by intervening water during
eatly spring and late fall to allow inter-habitat
migrations {Watson et al. 2003].

The habitat requiremments for R. pretiosa have
likely contributed to its declines. The diversity
of habitat types that are used, coupled with the
requirement that they are connected by inter-
vening stretches of wate, is fairly specificand is
probably only common in large, relatively intact
wetland complexes. These complexes are
becoming increasingly rare throughout the spe-
cies' range as landscapes are drained and con-
verted to agriculture and grazing.

Data are limited on effects of grazing on
this species. At one site in western Washinpton
where reed canarygrass (Phalaris arundinacea)
forms dense stands, Watson et al. {20013} sug-
gested that grazing could help open patches
and make them suitable for R. pretiasa. How-
ever, grazing also has the potential to reduce
waler quality and cover from predators. Addi-
tional work is needed on how the timing and
intensity of grazing affect frog behavior and
habitat use.

Distribution (Past and Present)

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

appear to be extirpated. Historically, R, pretiosa
occurred in the nottheastern corner of Califor-
nia, ranging south to Plnmas and Tehama
Counties and west to the eastern portions of
Sikiyou, Shasta, and Tehama Counties (Slevin
1928). Within this range, the species has been
found in scattered localities in Modoc, Shasta,
and Siskiyou Countiez {Stebbing 1972, fen-
nings and Hayes rgg4a}, with the last docu-
mented record occurring in a woodpile in
Cedarville, Modoc County, in 1989 (Jennings
and Hayes 1994a). This last record is somewhat
anomalous, since the frop was found in a heav-
ily modified area near the town center of Cedar-
ville, in habitat that seems to be unsuitable for
the frog. 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 2 misidentified or human-introduced
specimen (L. Groll, pers. comm.; M. Hayes,
pers. comm.}. Tt remains passible that isolated
populations still persist, particularly in remote
partions of the Warner Mountains and on pri-
vate land in Surprise Valley, Modoc Counly.
Fairly recent surveys in the Warner Mountains,
Modoc Plateau, and Pitt River drainage failed to
locate any individuals {Jennings and Hayes
1994a, Grofl zo11). There is an unverified
sighting of a "spotted fmog” in Surprise Valley
from November 2008 (L. Gray, pers. comm.),
but a follow-up survey at this locality revealed
only Psuedacris regilia. A more recent survey
comprising 18 localities selected using a spe-
cies distribution model for this species did not
detect R, pretivsa in Calilornia {Croff 2011},
although the southernmost extant locality in
Oregon is only about 10 kin from the state bor-
der, Petween 2013 and 2013, USFWS biclogists
conducted additional surveys at 12 sites within
the Pit River watershed and Warner Mountains.
Again, no evidence of R. pretiosa was found
{USFWS.Klamath Falls Field Office, unpub-
lished dala, zo13).

Outside of California, R. pretiosa is patchily
distribuled from extreme scuthwestern British
Columbia, south through Washington and
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Oregon (Creen et al. 1997). This distribution is
fragmented, and the species has undergone
severe declines through most of its range
(McAllister et al. 1993, Green et al. 1997).
Decclines are thought to have occurred dispro-
partionately in lowland areas, and aver two-
thirds of the remaining populations occur
along the crest and eastern slopes of the Cas-
<ade Range (Pearl et al. 2009).

It iz possible that some R. pretivse in Califor-
nia, parficularly those east of the Warner Moun-
taing in Modoc County, could actually be R.
Iuteiventris. There are known R, luteisentris pop-
ulations approximately 16 km north of the Cali-
fornia border on the eastern slopes of the Warner
Mountains, 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

No abundance data for California populations
exist. Reports from parts of the Willamette val-
ley, Qregon, and Puget Lowlands, Washington,
suggest that Rang pretiose 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 2005). At one
time, the species was apparently commeon in
Warner 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 {GrofT zorr),

Nuoture and Degree of Threat

At least four major factors have likely contrib-
uted to the decline of Rena pretiesa in Califor-
nia. First, the species has been strongly
impacted by the loss of the extensive wetland
complexes that were once common in northern
California. 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 climate projec-
tions for northeastern California, which predict
increasing temperatures, strongly decreasing
precipitation, and reduced snowpack (PRBO
zou}; all of these changes will reduce perma-
nent wetlands and place increasing demands
on the rernaining aquatic habitat. Second, R.
pretiosa appears to be sensitive to relatively low
levels of nitrates and nitrites resulting from
apricultural runoff {i.e., those meeting EPA
allowances for drinking water; Marco et 3l
1599). This observation is consistent with the
precipitous declines abserved in lowland Ore-
gon and Washington populations, which have
been more heavily impacted by agriculture
than higher-clevation populations. Application
aof the pesticide DDT was also correlated with
die-ofls in the closely related R. Iuteiventris in
northern Qregon (reported as R. pretiosa; Kirk
1988}. Third, the species appeats to be sensi-
tive to introduced exotic predators, particularly
bullfrogs and exotic fishes. Some data indicate
that it is likcly more sensitive to the presence of
bulifrogs than cther native ranid frogs, In ateas
where B. awront and R. pretiosa are sympatric,
stronger declines were observed in K. pretiosa
than R. aurors in areas where bullfrogs have
invaded {Pear] et al. zo004). Laboratury experi-
ments also demonstrate a differential impact of
bulifrogs on R. pretiosa relative to R, aurorn,
likely due to R. pretiasa’s more strongly aquatic
life history {Pearl et al. 2004}. Bullfrogs have
also been hypothesized to negatively impact
small R. pretisa populations via reproductive
interference {Pearl et al. zoosc). In combina-
tion with the well-documented elfects of non-
native fishes on western ranid frogs {Adams
1999, Lawler et al. 1999, Adams 2000, Joseph
et al. 2o11), this suite of nonnative predators is
likely ke have a strong negative effect on R. pre-
losa populations. Finally, Bd has been found to
be present in remaining populations of R. pre-
kose {Pearl et al. zoo7, Hayes et al. zoog),
although experimental work suggests that the



species may be resistant (Padgett-Flohr and
Hayes zo11}. However, given the importance of
Bd in some anuran declines, further work on
its impact on R. pretiosa is warranircd.

Given the rarity of R. pretiosa records from
California and our lack of histarical population
paramelers, 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 limited California range of Rana pretiosa
and its apparent extirpation from lhe few
known histeric localities are the main drivers
for its high score. The paucity of historical
records in California suggests that this taxon
may have historically been rare in the state, and
its specialized ecological requirements (large
permanent wetlands, specialized sub-habitals
for breeding, hibernation, and growth) make it
inherently setisitive to declines. Together, these
factors justify a Priority 1 designatien for this
species.

Management Recommendations

Ongoing management eflorils for this species
should be coordinated through the range-wide
canservation strategy that the Washington
Department of Fish and Wildlife is leading and
the California Department of Fish and Wildlife
is participating in (B. Bolster, pers. comm.).
Cushman and Pearl (2007} recently assessed
Rana pretiesa conservation needs and provided
a detailed roadmap for management of this
species. Our recommendations largely follow
theirs. If the surveys cutlined below identify
any remaining populations of this species in
the stale, the wetland habitat supporting the
population should be protected from fragmen-
tation and modification, including the intro-
duction of exotic hshes and amphibians. Cap-
tive populations of this species should also be
established to serve as assurance colonies,
should the last wild populations go extinct. 1f
continued surveys suggest that the species is

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

Monitaring, Research, and Survey Needs

Comprehensive surveys throughout Rang pretio-
sa's known histotic range should be conducied
to determine if any populations persist in the
state. Surveys of remaining large wetland com-
plexes are particularly important, as are surveys
of potential habitat on private property. A recent
species distribution model {Grolf 2011} identi-
fied and surveyed some, but not all, of the pre-
dicted localities that may supporl Lhis gpecies in
California. and this study provides an excellent
starting point for additional surveys. Significant
habitat that has not yat been surveyed remains
on private property, particularly east of the
Warner Mountains (although R. luteivealris may
replace R. pretiosa in this area). The aforemen-
tioned recent surveys made a particular effort 1o
gain access to private land, but permission was
only granted in approximately 15% of cases
{Groff zor1). Future surveys should continue to
build parinerships with private stakehelders and
survey large wetland complexes on private lands.
If any populatious are found, nonlethal tissue
sarnples should be collected so that species iden-
tification can be verified with molecular data.
Should any populations be located, a moni-
toring program in conjunction with life history
research should immediately be initiated with
the poal of quantitying population sizes and
connectivity {if multiple adjacent populations
are found) and o allow for a better understand-
ing of habitat requirements and causes
of decline in this species. Molecular genetic
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studies using microsatellite and/or single
nucleotide polymorphism data from multiple
nuclear markets can provide valuable insights
into historical population declines/expansions
and should be conducted il any native popula-
tions are discovered. In addition, given the very
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high levels of population structure found
among extant Orepon and Washington popula-
tions, any California populations should be
surveyed for genetic variation and integrated
inko the existing species-wide genetic dalaget
{Blouin et al. zo10).



LOWLAND LEOPARD FROG

Rana yavopaiensis Platz and Frost 1984

Status Summary

Rara yavapaiensis i a Priority 1 Species of Spe-
cial Concern, receiving a Total ScorefTotal Pos-
sible of 74% (53/85). During the previous eval-
uation, it was alsc considered a Species of
Special Concern (Jennings and Hayes 1994a}.
Rana yavapaiensis has not been confirmed to
occur in California since 1965 {Jennings and
Hays 1994a).

ldentification

Rana yavapaiensis is a medium-sized ranid frog
{4.6—8.7 cm SVL) with prominent dorsolateral
folds that are discontinuous and angle inward
posteriotly (Platz and Frost 1984). The colora-
tion is variable, but is generally gray green, gray
brown, or tan with irregular blotches above and
cream or white on the venter. The ventral pelvic
region is yellow, and this sometimes extends
onto the legs. In older individuals, there is also
dark mottling on the chin {Jennings and Hayes
1994a; Stebbins za03). A cream-colored supral-
abial stripe is present that fades anteriorly in
front af the eye {Platz and Frost 1984).

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

Lowfand Leapard Frog: Risk Factors

Ranking Criteria (Maximum Score} Score
i. Range size (10} 10
ii. Digtribuwtion trend (25) 20
iii. Population concentration/ 10
migration {10)
iv. Endemism (10} 0
v. Ecological tolerance (10) 3
vi, Population trend (25) Data
deficient

vii. Vulnerability to climate change (10) 10
viii. Projected impacts {10) 10
Total Score . 63
Total Possible 85

Total Scoref Total Poasible 0.74
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difficult. Rana berlandieri attains latger body
sizes (up to I11.4 ¢m §VL) and has proportion-
ately larger eyes than R. yavepaiensis. 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 (Stebbins 2001). Rana berlandieri's call
consists of a low 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 {Stzb-
bins 2003, Elliott et al. 2009). Given that there
are no known extant K. yavapaiensis localities
remaining in California and that it is similar in
appearance to the nonnative species K. berland-
ieri, positive identifications should be made cau-
tiously. The species are readily distinguishable
using molecular data [Hillis and Wilcox 2005,
Frost et al. zooba), which should be used to
confirm any polential R. ypavapaiensis specimens
from California.

Taxonomic Relationships

Rana yavapaiensis was recognized as a distinct
species in the leopard frog complex primarily
on the basis of morphology, reproductive isola-
tion, and allozyme variation (Platz and Platz
1973, Platz 19706, Platz and Frost 1984). The
species is morphalogically similar 1o other spe-
cies of leopard frogs in the southwest. Jaeger el
al. {2001) distinguished relict leopazd frogs (R.
onca) fromn R. yavapaiersis using genetic and
morphalogical data. Based on a mitochondrial
DNA dataset, Hillis and Wilcox {200§} can-
firmed a close relationship between these two
species to the exclusion of other lecopard frog
taxa, including several geographically nearby
members of the complex.

Frost et al. {zco6a) 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 2009, Frost etal. 20054,
Pauly et al. 20c4). We retain the traditional tax-
onomy 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 occur from
late December through March in California
{Storer 1925, Ruibal 1959). Elsewhete in the
range, breeding has been documented from
October to April (Platz and Platz 1973, Collins
and Lewis 1970, 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 eaperietice
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 1979, Sartorius and Rosen 2000). How-
ever, some authors have observed among-popu-
lation variation in the occurrence of multiple
breeding peaks, and it is unknown whether
California populations had one or two breeding
peaks per year,

Rana yavapaiensis undergoes marked yeat-
to-year fluctuations in population: size through-
eut its range (Clarkson and Rorabaugh 1g8g,
Sred] et al. 1997, Sarturius and Rosen 2000).
which renders isolated populations susceptible
ta extirpation. This also makes it difhcult to
confirm the absence or extirpation of popula-
tions with gingle-year surveys, emphasizing the
importance of multiyear surveys for this
species.

Habitat Requirerments

Hazbitat requirernents for Rana yovaparensis are
poorly understoed, particularly in California.
The species was historically found in slow-mov-
ing water along the San Felipe Creek drainage
and the Lower Colorado River {Storer 1gzs, Steb-
bins 1¢72). The species has been found predom-
inantly in rnarshy areas with bulrushes, catiails,
and grasses with a willow overstary {Storer 1925,
Jennings and Hayes 1994a, Jennings and Hayes
1994b}, but it is unknown whether this vegeta-
tion 1ype is required for papulation persistence.
The species also expanded into artificial canals
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and ditches in the Imperial Valley as agriculture
developed in the region (Storer 1925, Klauber
1934). as i3 the case currently for R. berlandier
in [mpetial County. It is unknown whether R.
yavapaziensis can persist in these artificial habi-
tats or whether they represent non-sustaining
gink habitat requiring immigrants from nearby
source populations,

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

Distribution (Past and Present)

No extant populations are presenily known in
California {Jennings and Fuller zo04). The dis-
tribution of Rani yavapaiensis was historically
patchy, even before recent declines. In Califor-
nia, the species was historically present in suit-
able habitat along the Lower Colorado River, the
Immperial Valley, and the San Felipe Creek
drainage {Platz 1988, Stebbins 2¢03). Quiside
of California, the species historically ranged
along the Lowet Colurade River from northern
Mexico to Arizona, from near sea level to 1700
m (Platz and Frost 1984, Platz 1988, [ennings
and Hayes 19944, Jennings and Hayes 1994b,
Stebbins 2003). The last canfirmed record in
California is from 1965 in an irrigation ditch
east of Calexico, Imperial County (Jennings
and Hayes 1a94a).

Trends in Abundarnce

Severe declines have occurred throughout the
known California range of Raner ypavapaiensis,
and currently there are no knawn extant popu-
laticns. Repeated surveys since 19065 have failed
to locate this species (Vitt and Qhmart 1978,
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Clarkson and Rorabaugh 1989, Jennings and
Hayes 1994b}. In addition, in 1976 Hurricane
Kathleen apparently modified the surface
drainage patterns around San Sebastian Marsh,
Imperial County, eliminating the wetland
habitat that supported the species previously
{E. Ervin, pets. comim.). Rana yavepaiehsis also
appears to be declining thraugh parts of its
range outside of California (Clarkson and Rota-
baugh 1984, Slebbins 2003).

WNature and Degree of Threai

The declines in Rane pavgpaiensis nccurred
before extensive collections were made or stud-
ies were carricd oyt. As a consequence, threats
to this species in California are poorly under-
stood, with few actual data supporting any of
the polential threats considered here. Possible
threats that contributed to its declinc include
direct impacts from agricultural runofl, which
has keen shown to be highly detrimental to
other species in the leopard frog complex (Rel-
yea 2008], habitat alteration, including water
availability andfor fAow regimes (Hayes and
Jennings 1986}, and predation by or competi-
tion with intreduced bullfregs, predaceous
fishes, and invertebrates (Clarkson and Rora-
baugh 1989}. Some recent declines in the
closely related R, orca appear to be linked o
encroachment of dense emergent vegetation
into open water habitats {Bradford et al. z004),
and this process could plausibly also afTect R.
yavapaiensis. All of these factors were accutring
simultaneously within the tange of R. pavapai-
ensis along with declines, making it difheult to
disentangle their effects (Hayes and Jennings
1986). In addition, over 13,000 km of ditches in
the lmperial Valley were burned and subse-
quently sprayed with oil during this time, and
this presumably adversely affected these frogs
{Twining and Hensley 1943).
Chytridiomycosis has been documented as
contribuling to declines in R. yavapaiensis pap-
vlations in Arizona (DBradley et al. 2002). and
this disease is a concern for any remaining
California populations. An additional concern
is the possibility of competition or hybridiza-



tion with &, berdandieri in California. Ranra ber
lardicri was introduced inta California well
after R. yavapaiensis declined [Platz et al. 1990),
30 it is presumably not invelved in the initial
decline of the species. However, as it continues
1o expand its range in scuthern California, B,
berlangdieri may pose a risk to any temaining R,
yavapniensis populatiens (Rorabaugh et al.
200z). 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). Molecular phylogenic analyses suggest
that R. berfandieri is more clogely related 1o R.
yavapaiensis than to R. chiricakuensis, implying
that natural hybridization between R. berland-
ieri and R. yavepeiensis may be possible.
Because R. berlandier? is now far more common
in California than R. yavapaiensis, cogoing
hybridization, should it eccur, may result in
genetic swamping of any
populations.

remaining

Status Dietermination

Rana yovapaignsis has undergone severe
declines and has not been documented in Cali-
fornia in over 40 years, and there is a strong
possibility that the species is already extirpated
statewide. However, it remains possible that the
frog is presemt in scattered isolated localities
that have nat been surveyed, or that frogs have
gone undetected despite surveys.

If any populations persist, it i3 likely that
they are vulnerable to the causes of initial
decline throughout most of the California
range of this species. Such populations, which
are almost certainly small andfor isolated,
would also be vulnerable to the natural Auctua-
tions in population size that oocur in this spe-
cies. This natural vulnerability could be exacer-
bated by changing precipitalion regimes in the
southeastern part of California, where increas-
ing temperatures, declines in precipitation, and
greater year-to-year variation in rainfall are
expected to occur due to climate change (Cayan
et al. zoo08b, PRBO 2011).

Management Recommendations

If aew 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 understanding of this
gpecies’ life history in California, establishing
an effective management program will be dif-
ficult. If native California populations are not
found, Rana yavepaiensis is a potential candi-
date for assisted reintroductions from nearby
populations in Arizona, particularly in areas
where introduced R. berlandieri are not present
or have been elimingted. More generally, such
future intreductions should be attempted in
habitals thal are as pristirie as possible, and are
free of introduced anurans of any species. intro-
duced predatory fishes (including mos-
quitofish}, and pathogenic fungi.

Manitoring, Research, and Survey Needs

Sugvey efforts need to be renewed along the
San Felipe Creek drainage, the Imperial Valley,
and the Lower Colorado River. Althaugh the
moast likely areas for remnant populations are
those that have been the least impacted by agri-
culture and development, even degraded agri-
cultural habitat can he utilized by Rana yava-
paiensis, and therefore should be surveyed.
Because pepulations are prone to latge vearly
fluctuations, surveys shonld he repeated over
multiple years in both the wet and dry seasons.
Surveys for larvae should also be undertaken
since tadpoles are often more reliably detected
than adults. If any remaining populations are
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. yova-
paiensis populations should be confirmed using
a set of rnolecular markers, both to firmly
establish species identity and to check for
hybridization between R, ymwmpaiensis and R,
berdandieri. Because hybridization is a concern,
both mitochondrial and nuclear markers
should be used. Given the difficulty in distin-
guishing the two species, we recornmend that
populations of presumptive R. berlandieri be
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sampled for genetic material using nonlethal
means {such as toe clips} and checked for diag-
nostic malecular markers to confirm that no
native R. yavapaiensis DNA is present.

Should surveys discover extant populations
of R. yavapaiensis, 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 cavered in a dark hard-
ened layer of skin that soon slonghs off {May-
hew 1565).

Taxenomic Relationships

Scaphiopus couchii was initially described based
on morphology, and its distinctiveness has not
been questioned since this time (Baird 1854).
[ntraspecific variation has only heen examined
in a small portion of the range in Arizona and
New Mexico (Chan and Zamudio 200y9). Little
genetic structure was observed among the
populations studied.

Life Histary

Scaphiopus couchii is xeric-adapted and prima-
tily tessorial, spending the majority of its life in
self-constructed burrows and emeiging only
during and immediately aller inlense summer
rains (Mayhew 1965, McClanahan 1967, Steb-
bing 2003). This species has been found ta be
active on the surface after summer monsoon
rainstorms in August and September, but not
after winter rainstorms in October, December,
or January {Mayhew 1505), suggesting that the
activily period is limited to the summer in Cali-
fornia as it is throughout the rest of its range.
FHowever, California difters from the rest of the
range in that it teceives the majority of its rain-
fall during the winter, suggesting that little
lacal adaptation has occurred in this species
{Mayhew 19G5). Cutside of California, surface
activity is also tied to rain events, although S.
couchii has {rarely) been found active on the
surface during periods of high humidity, even
when ne recent rainfall has occurred {(Mayhew
19G2).

Emergence behavior is elicited by the low-
frequency sound of rain falling on the desert
goil, not from the rain itself (Dimmitt and
Ruibal 1980a). Frogs emerge from deep (20—
g0 ci} burrows on the first night following the
first heavy summer 1ain {Sheemaker et al.
1969, Dimmitt and Ruibal 1980a). Most breed-
ing for a season usually occurs on this first
night of activity {(Woodward 1982). Following

this, the species may forage intermittently for
up to 2 months, althaugh much of this time is
also spent in shallow {2—10 ¢m) hurrows, which
the frogs dig to avoid desiccation {Dirnmitt and
Ruibal 1980a). One feeding event can likely
provide enough energy to allow an individual to
persist for at least one year {McClanzhan 1967,
Dimmitt and Ruibal 19Eob). Females deposit
their eggs in ephemeral pocls that form follow-
ing intense summer rains (Woodward 1982).
The development rate of this species iz remark-
ably fast, with eggs batching in as little as one
day and metamorphosis occurring within 8-10
days if sufficient lood is available {Mayhew
1965, Newman 1989, Morey and Janes 1994).
Tadpoles are tolerant of a wide range of waler
temperatures {up to 39—42.5°C) such as are fre-
quently encountered within the breeding pools
(Brown 1969). This species likely does not
breed every year in California and may skip
reproduction and remain underground in sub-
opltimal years (Mayhew 1962).

Habitat Requirements

Scaphicpus couchii 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 aiso known {Mayhew 1965,
McClanahan 1967%). This taxon alzo requires
the presence of temnporary desert rain pools
that retain water for at least 8 days Lo allow suf.
hcient time for metamorphosis. The area in
California in which $. couchii occurs receives
an average of about 6.5 cm af rainfall per year,
and its fine-scaled distribution may be linked to
the amount of runoff that collects in localized
areas {Mayhew 1965). The distarces traveled
Letween upland retreats and breeding sites are
not known, nor are the precise terrestrial habi-
tat requirernents of adults ot juveniles.

Distribution {Past and Present)

Scaphiopus couchii ranges throughout much
of Texas, Mexivo, southern Arizona, and
southern New Mexico, from near sea level to
1800 m (Stebbins 2003). Scattered, localized
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populations also occur in central Arizona and
southern Colorado {Stebbins zeo3). In Califor-
nia, this species ranges from the Colorado
River west at least to the vicinity of the Alga-
dones Dunes, ranging as far north ag Cheme-
huevi Wash {~g km north of Vidal [unction)
and south to the vicinity of the United States—
Mexico Border {(Mayhew 1962, Tinkham 1962,
Jennings and Hayes 1994a). A few observa-
tional records exist in the vicinity of the Salton
Sea. and although these appear to be credible,
verification is needed that papulations are
extant in this area,

This taxon's range in California is likely rel-
ictual from rnore mesic periods and is probably
more frapmented now than it once was (May-
hew 19065}. This species was not known to
occur in the state until 1g62 (Mayhew 1962,
Tinkham 1962}, and no significant declines
have been documented since that tirmne.

Trends in Abundance

No historical or current abundance data are
available for this taxen within California.
Human activities have both c<reated and
destroyed breeding sites for the species (S.
Morey, pers. comm.), but no quantitative stud-
ies have documented the overall impacts of
these activities on
California.

the species across

Nature and Degree of Threat

Scaphiopus couchii is likely persisting closer to
its physiolegical limits in California than it is
elsewhere within its range {(Mayhew 1965). The
California range is both hotter and drier than
most of the rest of the range, and most of the
limited rainfall occurs cutside of the monsoott,
during a time when §. couchii is usually inac
tive. The current populations in California
likely persist due to the presence of local condi-
tions that allow for the collection of sufficient
quantities of water, such as the presence of
basins on the eastern base of the Algodones
Punes and pools that form alang 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 Incalized extirpations due to habitat
modification that destroys temporary pools and
due to the effects af climate change. Recent
madels (PRBO 2011} indicate that average tem-
perature will increase signihcantly. by more
than 2°C in most months in the Sonaran/Colo-
rado Desert of California. Given that 3. cowchii
may alveady be near its physiological tempera-
ture limits, this may have 4n enormeous impact
on its viability in the state. [n addition, some
precipitation projections include an overall
decrease of up to 49% (PRBO =2onj, and
increased variation in year-fo-year precipitation
{Cayan et al. 2008b}, which could have severe
detrimental impacts on this species by decreas-
ing the number of years in which enough rain-
water collects lo allow breeding. Essentially, if
the interpretation is correct that the California
population exisls at the physiological limits of
the species’ capacity, then predicted changes in
rainfall and temperature may seriously reduce
its range in the state.

QOft-highway vehicle usape in the Algodones
Dunes has degraded 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 saund of falling rain that it uses as an
emergence cue {Brattstrom and Bondello
1973). Temporary and permanent anthropo-
genic water sources associated with livestock
{cattle ponds) and perhaps agricultuze may
help to provide suitable breeding habitat that is
important to the persistence of this species.

Stotus Determination

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

Management Recormmendations

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



and larger modifications (selar projects, min-
ing} may nepgatively alter both the hydrolagy of
breeding pools and the suitability of seil for
burrowing. In particular, if peols are modified
such that they dry faster {through cither more
rapid draining or overall smaller size}, their
hydroperiod may become too short to allow
metamorphosis. Specilic areas requiring pro-
tection should be determined by the surveys
outlined below. [n the future, the impacts of
projected climate change may seriously
threaten this species in California, and proac-
tive management may be required to countet-
act this threat; such management could include
telocating populations to cooler or more mesic
sites, deepening and maintaining the hyd rope-
riod of natural breeding sites, and patentially
creating completely novel breeding pools that
can hold water if the climate changes.

Monftoring, Research, and Survey Needs

Range-wide surveys need to be undertaken for
this taxon to identify suitable remaining habi-
iat, detlermine the sizes of extant breeding
populations, and to further characterize the
species’ range in California. To our knowledge,
the northernmast 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 Califarnia is
patchy, largely in remeote 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 arcas where this anuran
has not yet been documented. Surveys should
ideally take place during the first night follow-
ing the first major summer {mensconal) rain
event. Surveyors should be experienced with
this frog’s call (Elliott et al. 2009}, as this will
likely be the easiest way to ind populations,
and pools should be surveyed for tadpoles

within a few days after they fill during summer
rains.

The movement ecology of this taxon and its
potential to recolonize previously extirpated
areas are unknown and are a topic in need of
further study, pariiculacly so in Caliloenia
whete populations appear to be fragmented.
Additional study of its physiological 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 talerated
are critical pieces of information for the long-
term management of this species. Landscape
ecological information, including the amount
of terrestrial habitat needed, the relationship
hetween population size and pool basin size,
inundation duration and frequency, and the
movement frequency of animals beiween
breeding sites would all be valuabie for future
management considerations. Additienal infor-
mation on habitat use itself, including the
extent that ongoing raileoad and watet diver-
sion projects within the range subsidize or
detract from potential habitat for this species, is
also a critical research ueed that would inform
ongoing management of this species.

Finally, piven the spotty distribution of the
gpecies and the patential for genetic izalation
among sites, multi-locus population genetic
studies using microsatellites or single nucle-
atide 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. [n
addition, given how widespread the species is
across the southwestern United States, genetic
data comparing the uniqueness of the Califor-
nia population is esgential for range-wide
management.
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placing it sister to a clade consisting of the
Great Basin spadefoot (8. intermoriana) and
the Plains spadefoot (S. hombifrons). This
arrangement is censistent with Kluge (1¢66)
and Sattler (1580). Relationships within Spea
are still unresolved hawever, and cryptic taxa
may exist within S. hammondii {Garcia-Paris et
al. 2003) and §. intermontana (Wiens and Titus
1991). Ongoing phylogeographic work should
clarify the extent of intraspecific variation in
the specics. Preliminary data indicate that
some mitochondrial introgression has occutred
between S. intermonlana and S. hammondii in
gouthern California, but not the Central Valley
portions of the species’ range (P. Spinks,
unpublished data}.

Life Histary

Adult Spea harmmondii are terrestrial, moving
from summer refugia to ephemeral water bod-
ies to breed in the spring following warm late
winter or spring rains (Starer 1925, Burgess
1950, Stebbins 1954, Feaver 1971, Brown 1976,
Morey 1998). Breeding agpregations can con-
sist of more than 1000 individuals (Jennings
and Hayes 1994a). Breeding occuts over a 2—3
week period, during which rmales can be heard
chorusing intermittently (Brawn 1976, Morey
and Reznick 20c4). Additional bouls of breed-
ing can occur, and pools can contain cohorts of
different apes (Morey 2005). Onset of breeding
activity varies depending on rainfall and region.
Far example, heavy raing in 1991 resulted in
breeding occurring only in March {5an Luis
Obispo and Riverside Counties; Morey and
Reznick zoo4). In the two following years,
breeding occurred between January and March
(Morey and Reznick zoo4). Breeding has also
been documented in August, and from October
to December in San Diego County (Ervin et al.
zoos, Ervin and Cass 20o07). It is unknown
how common early-breeding behaviar is, but
the Ociober 2004 events may have been in
response to very dry conditions, and many of
these larvae ultimately succurnbed to desicca-
tion. The previous year, zo03, set a record rain-
less period, and the breeding in 2004 occurred
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after the first measurable rain in 181 days {Ervin
et al. zoos).

Females lay 100-500 eggs in clusters of
18—25 (Stebbins 1951, Stebbins 1985) that usu-
ally hatch in 3—4 days {Morey 2005). Morey and
Reznick [zo04) surveyed vernal pools 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 le 14 days
{Morey and Reznick zo04). Males raised exper-
imentally under high food cenditions developed
secondary sexual characters by the beginning
of their first breeding season after metamor-
phosis, while females of the same age had adult
coloration but underdeveloped ovaries {Morey
and Reznick zoor). [t is unknown how long it
takes to reach maturity in the held, but based
on this experimental work males probably
mature 1-2 years after metamorphosis and
females at least 2 years after metameorphosis.
Mast individuals are mature at 4—4.5 cm SVL
(Storer 1925, Morey and Guinn 1992),

Larvae are frequently at rigk of desiccation
due to pucls drying before development is com-
plete. In Fresno County, 17 out of 23 vernal paals
dried belore larvae metamorphosed (Feaver
1971). Across 20 populations in San Luis Obispo
and Riverside Counlies, Morey and Reznick
(2c04) observed that 15% of ponds dried before
larvae metamorphused. As pools dry, larvae
experience increased daily variation in tempera-
tute, increased ammonia levels, increased water
hardness, and decreased depth (Morey and
Reznick 2004}. These factars lead to crowding
and decreased growth rate. While several cues
are operating simultaneously, water reduction
alone is sullicient to trigger accelerated develop-
ment within 24 hours (Denver 19g7a, Denver
1997b, Denver et al. 1998, Baarse and Denver
2003). In the field, there is a positive correlation
between hydroperiod and mass at metamorpho-
sis {Morey and Reznick 2004}. [n the lab, ani-
mals reared at low density were larger (4.96 g)
at metamorphosis and metamorphosed sooner
{77.8 days) than animals maintained at high
density (2.9 g, 87.8 days; Morey and Reznick



200t). Survivorship of metamorphs was also
higher for animals that were larger at metamor-
phosis, regardless of larval density (Morey and
Reznick zo01]. Effects of the larval rearing
environment persisted for several months after
metamorphosis, but small metamorphs were
able to eatch 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 nocturmal {Morey 2005). Juveniles
leave natal poals shortly after metamorphosis in
April-June presumably seeking refugia,
although their terrestrial habitat is unknown
(Morey 2005). Adults and juveniles retreat to
burrows by late sumnmer, with juveniles capable
of digging burrows 1020 ¢m 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, althaugh
larvae of other spadefoot species are general-
ists, consuming animals, plants, and organic
detritus (Pomeroy 1981, Flennig rg9o). Can-
nibal morph larvae with broad heads and
enlarged jaw muscles are known from San Luis
Obispo and Riverside counties, bul it is
unknown how common they are throughout
the species’ range (Morey 2005). Adults are
generalized predators on tereestrial arthropods
and other prey, including beetles, moths, Hies,
and earthworms (Morey and Guinn 1ggz2).

Habitat Requirements

Spea hammordii occurs in grasslands, oak
woodlands, coastal sage scrub, and chaparral
vegetation in washes, floodplains, alluvial fans,
playas, and alkali Aats {Stebbins 2003, Morey
2005). Temporary pools are used for breeding,
but S. hammondi will also readily breed in arti-
ficial water bodies such as cattle ponds (Morey
2005). Vernal pools used by S. kammondii for
breeding had an average pending duration of 81
days {range 36-127, = g, San Luis Obispo and
Riverside Counties) {Morey and Reznick zo04}.
Pools with at least some successful recruitment
lasted on average 3 weeks longer than larval
development time {Morey and Reznick z004).

Pool temperature during larval development
ranged from 1:°C to 33°C {Morey and Reznick
2004}. Brown {1567) [bund that water tempera-
tures between ¢°C and 30°C were necessary for
larval development (eggs collected from River-
side County).

Perennial pools containing introduced pred-
ators such as crayfish, fish, or bullfrogs are
often unsuitable for successful recruitment
{fennings and Hayes 1994a). However, in
southern California, ephemeral pools utilized
hy introduced species with predatory aquatic
stages, such as the African clawed frog (Xeno-
pus laevis), can still function as breeding habi-
tat far §. kammendii {confirmed Dby the pres-
ence of dispersing metamorphs), but the
¢effects these introduced species have on averall
recruitment levels are unknown [Ervin and
Pisher zoo1, Ervin and Burkhardt 2006).

Distribution {Past and Present)

Spea hammondii occurs in the Central Valley
and bordering foothills across southern Cali-
fornia from Shasta County south into north.
western Baja California, including the Coast
Ranges south of Montetey, from sea level to
1365 m (Jennings and Hayes 1904a, Ervin etal.
2001, Stebbins zoo3; S. Barry, pers. comm.).
Jennings and Hayes {19043} concluded that as
of the 199as, aver Ba% of historically occupied
habitat in southern California and 30% of habi-
iat in northern California were ne longer suit-
able due to development and habitat conversion.
in surveys throughout the Central Valley,
Fisher and Shaffer (1950} reported §. hammon-
dif as virtually extirpated frem the Sacramento
Valley 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 Porce Base) in Sacra-
mento County estimated that breeding adults
numbered in the few dozens, although this was
based on short-duration surveys and limited

WESTERM SPADEFOOT 13%



data (A. Chang, unpublished data). Morey and
Guinn (1gg2) reported an average of 1.16 indi-
viduals/ken of roadway during a relatively wet
winter (1982-1983) and .68 individuals/km
during a drier winter (1984-1985) in the San
Joaquin Valley.

Nature and Degree of Threat

The major threat to Spee hammondii is habitat
loss and fragmentation due to agriculture and
urban development. Other threats include inva-
sive species and climale change. Davidson et al.
(zooz} found that currently occupied sites had
less surrounding urban development than extir-
pated sites. Extant populations also eccur at
higher elevations than extirpated sites on aver-
age, possibly due 1o invasive species being more
commeon at lower elevation {Fisher and Shafter
1990, Davidson et al. z002). Sper hammondii is
sensitive to invasive species such as crayhish,
bullfrogs, and mosquitofish; however, many of
these species cannot persist in the highly
ephemeral breeding habitats S, kammondii uses
{Jennings and Hayes 19944, Marey 2005). Bull-
frogs have been documented to prey on 8. hizm-
mondii (Morey and Guinn 1992, Balfour and
Ranlet 20006}, although the impact of this pre-
dation on gverall abundance is unknown.

Speaz hammondii may be at risk from climate
change because breeding is dependent upon
temperature and rainfall cues, and larval devel-
opment requires ephemeral poals to persisi tong
enough to complete development {Morey and
Guinn 1992, Jennings and Hayes 1g94a). Mean
annual temperatures are projected to increase
thtoughout the range of 5. hammondii, with
warmer winters and summers and earlier
spring warming expected {reviewed in PRBO
2011}). The frequency of extremely hot days is
predicted to increage by up to 25 days per year in
some parts of the range (Bell etal. z004}. There
is less certainty about future precipitation pat-
terns, with estimates ranging from little change
to roughly 30% decreases in rainfall (Snyder
and Slean zo0s5, PRBO 2011). Changes in tem-
perature and precipitation will likely alfect ver-
nal pool hydrology (e.g.. Pyke zo05) and may
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also affect the timing of breeding, though how
5, hammondii will rcspond to these chanpes
needs further study. The largely unsuccessful
early breeding observed by Ervin et al. {2005)
mmay be indicative of the kinds of mismaiches in
environmental cues and breeding behavior that
thig species may suffer under climate change.
The probability of large (>z00 ha) wildfires is
expected to change vety little in the Central Val-
ley {Westetling and Bryant zac8}. In the more
northern coastal part of the range, the prababil-
ity of large 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). In the soutbern part of the range
where wildfire is common, there is little consen-
sus on future fire dynamics because of the dift
ficulty in modeling Santa Ana weather events
{Westerling et al. 2004, Westerling and Bryant
z008). The largely subterranean lifestyle of §,
hemmondii may make it relatively resistant to
the effects of fire. However, wildfires occurring
during dispersal may be particularly detrimen-
tal due to direct mortality and habitat deprada-
tion and this issuc requires more study. Vegeta-
Lion ghifts due ta climate change are expected 1o
be modest in the Central Valley, where tand use
is 2 more important determinant of habitat type
{(PRBO 2o}, Elsewhere in the range, chaparral
and shrublands are expected to decrease in area,
while grassland is expected to increase (Lenihan
el al. 2008, PRBO 2011). The impact of these
shifts may be modest as 5. hammondii uses all
of these habitat types.

Stotus Determination

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

Managemernt Recommendations

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



create breeding habitat in response to habitat
loss and potentially also to climate changes that
affect natural vernal pool phenology. Terrestrial
habitat is likely nat so easily restored, and mini-
mizing or eliminating disturbance around
breeding habitat would help protect adults {see
the "Monitoring, Research, and Survey Meedz"
section). Efforts to remove introduced predators
from breeding habitat should be considered. In
sorne cases, cattle grazing opcrations may be
beneficial o 5. hammondii. Over 3 years in Sac-
ramento County, Marty (2005) found that
experimentally grazed vernal pools experienced
fewer drying and refilling cycles within a sea-
son, and had a longer maximum inundation
perind {115 days) than ungrazed treatments (G5
days) ot treatments where grazing occurred sea-
sonally {6578 days).

Monitoring, Research, and Survey Needs

Research is needed into 1errestrial habilat use
{Jennings and Hayes 1gg4a, Morey zoos),
including juvenile dispetsal, adult migration
patterns and distances, and the importance {if
any} of rodent burrows for all age classes. This

information is important for determining how
much and what kinds of terrestrial habitat to
ptotect around breeding sites. For example,
Morey and Reznick {20¢e1) 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
bteed each year and how long individual adults
spend at breeding sites (Morey 2005). Under-
ground habitat use is peorly known, including
feeding and dormancy patterns. Remaining
populations are likely highly fragmented, and
research is needed into conmectivity among
populations at both the local and the regional
levels; additional landscape ecology and genetic
studies would help determine patterns of dif-
ferenliation {Jenrings and Hayes 1994a).
Finally, comparative siudies of this species in
the Central Valley and southern California
would help determine the extent of biological
variation in life histary patterns across this eco-
logical gradient.
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and coloration of the dorsal stripe, and their
ranges do not overlap in California. Diflerenti-
ating larvae from co-occurring newts (Taricha
granulose, T. terasa) requires careful attention.
Newt 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 broad heads and g-13 gill rakers on
the anterior side of the third arch (Stebbins
2003,

Taroromic Relationships

Ambysioma macrodactylum sigiflaturm is one of
five currently recognized subspecies of long-
tocd salamander (Petranka 1998, Stebbins
2003), Ambpsioma macrodaciylum has been
widely recognized as a distinct species since its
initial description by Baird (18s54}. Since this
time, a number of differcnt species and subspe-
cies have been described. The current five-sub-
species arrangement stabilized afier the work
of Ferguson (1961), which described A, m.
calumbignum (eastern long-toed salamander)
and A. m. sigillatum, as well as the work of Rus-
sell and Anderson {1956}, which described the
geopraphically isolated 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
warrant full species status (Savage 2608).
Ambystama macrodaciylum sigillatum was
desctibed based on the size, aolor, and pattern
of the dorsal band, as well as vomerine tooth
counts (Ferguson tob1). Although it inter-
grades morphologically with A. m. columbi-
arum at the northern edge of its range (Fergu-
son 19061}, ongoing genetic analyses support
recognition of A. m. sigillatum as a distinct spe-
cies {Savage 2008}.

Life Histary

Ambystorma macradactplum sigillatum is a pond-
hreeding salamander that often has a prolanged
larval stage. The life history of this taxon varies
widely depending on elevation and climate
(Petranka 1998). Here we have summarized
data [or A. m. sigillatum, where possible, and
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described the variation present across the spe-
cies where the life history is highly variable
andfor uncertain.

Adults emerge from hibernation and
migrate o breeding habitat after the first thaw.
Mating begins shortly after adults enter the
breeding habitat, usually in May or June, with
lower-elevation popuiations usually being able
to breed earlier than higher-elevation popula-
tions {Anderson 198Gy, Howard and Wallace
1985). Blsewhere in the A. macrodactplum
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 ct al.
1983). As in other Ambystoma species, mating
follows a pattern of courtship and spermato-
phore deposition. Females oviposit on vepeta-
tion, rocks, sticks, or ditectly on the pond bot-
torn 2-3 days follawing courtship and mating
{Anderson 1961, Stebbins 2003). The cggs are
laid singly or in clumps of up to 100 eggs
{Petranka 1998, Stchbins 2003). The pattern of
egg deposition varies geographically in this
species: A. m. sigillatum tends to lay eggs singly
at in long loase clusters in relatively deep water
(Anderson 1967}, although this is variable.
Eggs hatch in 2§ weeks, with longer incuba-
tion periads required at higher elevations and
lower water temperatures (Anderson 1967,
Nussbaum et al. 1983, Petranka 1998). The lar-
val peried can be as short as 5o days in tempo-
rary pools at Jower elevations but may last 2
years in the highest elevations in permanent
pools (Nussbaum et al. 1983, Pilliud and
Fronzuto 2005). Size at metamorphosis varies
widely from 2.3 ta 4.8 cm $VL (Howard and
Wallace 1985). This species is able to tolerate a
relatively wide range of water temperatures,
with larvae overwintering under the ice at near
freezing temnperatures 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 196&3b).

Ambystoma macrodeciylum sigillatum is a
generalist predator, as bath larva and post



metameorph, that feeds on a variety of small
insects, crustaceans, and spiders {Anderson
1968a). Larvae and males in the aquatic envi-
ronment will prey an zeoplankton, insect lar-
vae, and small snails (Anderson 1968a, Nuss-
baum et al. 1983). In the lab, larvae are also
known to take frog {primarily Pseudncris) tad-
poles and conspecific larva {Anderson 1968a,
MNussbaum et al. 1983). Females apparently do
not feed in the aquatic environment, which
may simply reflect the short amouni of time
they spend there during the breeding season
{Anderson 196G8a).

Habitat Requirements

Ambystoma macrodactylum, as a species, Gccurs
in a larper variety of habitat types than any
other salamander in the Northwestern United
States {Fergusen 1961, Nussbaum et al. 1983).
Suitable habitatz for A, m. sigilatum include
arid grassland and sagebrush communities,
dry woodlands, coniferous forests, alpine mead-
ows, and a wide variety of intermediate habitat
types (Ferguson 1961, Petranka 1998, Pillied
and Fronzuto 2co3). In some areas, this spe-
cics is abundant in disturbed agricultural areas
(Mussbaum etal. 1083). Elsewhere in the range,
landscape genetic studies indicate that popula-
tions that persist in highly modified habitats do
so with increased population isolation, probably
increasing susceptibility 1o local extirpations
(Goldberg and Waits z010).

At high elevations (above 2450 m in the
Sierra Nevada and 2100 m in the Klamath
Mountains), where breeding occurs late and
larval development is prolonged, some popula-
tions of A. m. sigillgtum require permanent
water bodies for breeding because larvae over-
winter prior to metamorphasis {Anderson 1967;
K. Leyse, pers. comm.). If these overwintering
sites are shallow (1-2 m in depth), as is corimen
in the Tahoe region of the Sierra Nevada, few
larvae seem to survive the winter (K. Leyze,
pers. comm., unpublished data). Spring-fed
water bodies may increase the likelihood of suc-
cessful overwintering, though more data are
required ta verify this. This subsperies alsc per-

sists far more readily in fishless water bodies
{(see the "Nature and Degree of Threat”
section).

The species is known to utilize hardwood
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 macradectylum sigillatum ranges
from southwestern Oregon (south of the
Calapooya divide, Lane and Douglas Counties)
through the Trinity Alps, Warner Mountzins,
Sierra Mevada, and adjacent areas of northwest-
ern California reaching as far south as Carson
Pass (Ferguson 1961, Brode 1967, Bury 19704,
Pilliod and Fronzuto 2005). The known eleva-
tional tange for this taxon is from near sca level
10 3000 m (Stebbins 1966, Nussbaum et al.
1983}, although the distribution in California is
restricted to the higher end of this range. The
presence of isalated populations of the species
A. macrodactylum in Santa Cruz and Monterey
Counties, California (A. m. croceum), and in
southeastern Oregon suggests that the species
may have been historically distzibuted more
broadly throughout the west. If so, the present
day range likely reflects a range contraction as
climare hag changed over the last several thou-
sand years.

Localized, present-day changes in distribu-
tion appear to be ongoing in several parts of
California. In the historically fishless Klamath
Siskiyou bioregion, A. m. sigillatum are 44
times more likely 1o 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.
sigillatum does not occur represent localized
extirpations as a result of fish predation {Welsh
et al. 2006). A similar pattern occurs in the
nerth central Sierra Nevada near Lake Tahae,
Hete, A. m. sigillatum ate present in 2.3% of
fishless sites, but only 37.5% of fish-containing
sites (Leyse 2005). In the Klamath Mountains,
A m_sigillatum was documented at 25 of 118
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sites in surveys conducted between 199g and
zool. Salamanders were present at only 15 of
these sites when they were resurveyed in 2008
{K. Pope, pers. comm.). The overall peegraphic
extent of the A. m. sigillatwm range appears to
still be intact, but it is cdear that localized extir-
pations are nccurring in several areas.

Trends in Abundance

Abundances of Ambystoma macrodactylum sigil-
latum bave declined throughout relatively large
areas of the California range. The Klamath
Mountain surveys described above documented
4126 individuals at 25 occupied sites in 1999-
2001 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 larvac at lower-
elevalion siles appears Lo be low (K. Leyse, pers.
comm.}. Population genetic estimates of popu-
lation trends suggesl that regional populations
exchange few migrants and that effective popu-
lation sizes are small {Savage et al. 2010).

Noture and Degree of Threot

Trout introductions are the largest threat to
remaining populations of Amystoma macrodac-
tylum sigillatum, Welsh et al. (zoo$) found that
the absence of introduced fish was a major pre-
dictor of A. m. sigillatum presence even after con-
trolling for othet environmental variables. Aside
from the local elfect of fish on individual water
bodies, fish introductions appear to affect A.
macrodactylum populations at the scale of entire
watershed basin. In Idaho, basins wilh higher
introduced fish densities had significantly lower
densities of A. macrodaceylum (Filliod and Peter-
son 2001}. The authors postulated that much of
the remaining fishless habitat in fish-containing
basins is too shallow for most larvae to 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 source-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 paiches of fishless habi-
tat remain within the basin {Pilliod and Peterson
z2001). Where A. 1. sigillalum persistin the pres-
ence cf fish, larval densibes are very low both in
deeper fish-containing peols and in adjacent
fishless pools {K. Leyse, pers. comm.}). When
larvae are found in fish-containing pools, they
tend to hide under racks or are only captured in
overnight trapping, indicating that they may
alter theit behavior in response to the presence of
predators (K. Leyse, pers. comm., though see
Tyler elal. 1998). Declines due to the presence of
fish have also been documented elsewhere in A,
macmdact}'lum’s range (Liss and Larson 1991,
Liss et al. 1995, Tyler ct al. 1998). In Montana,
introduced trout were linked to A. m. krausel
extirpations. Salamander recolonization follow-
ing local trout extirpations strongly indicated
that trout were the actuzl causal agent of declines
{Funk and Dunlap 1999).

Climate change also poses a threat for A. m.
sigillatum. Many of the remaining pools that
this species utilizes are shallow. Projected
shifts to eatlier 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. 2011, 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 zo05).

Disease and environmental contaminants
may also pose threats for remaining populations
of A. m. sigillalum, Lethal ranavirus infections of
A.m. sigillatum were recently detected in Lassen
Volcanic National Park (Bunck et al. 2009). This
species is also susceptible Lo iridovirus infection
and exposure to atrazine, a cominonly used her-
bicide {Forson and Storfer 2006). Bd has heen
detected in a single aduk salamander at Carter
Meadow in Lassen National Forest, although the
load was low. Prevalence of Bd appears to be low
for this species and ne evidence of die-off3 or ill-
ness due to this pathogen is known (K. Pope and
]. Piowia-Scott, unpublished data).



Stoius Determination

Onpoing 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
appears to be important to the continued per-
sistenice of this species, particularly at the high-
est elevations. As zuch, fish stocking should be
limited in areas where Ambystoma macrodacty-
lum sigillatum 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
({[CF Jones and Stokes 2010).

Monitoring, Research, and Survey Needs

Declines due 15 Hsh predation have now been
amply demonstrated, so continued monitoring
on the cffects of fish predation is less important
than work related Lo fish removal. If predaceous
fish can be successfully remaved frorn areas sup-
perting this species, ecccasional monitoring

should be undertaken to detect unautherized
reintroductions, particularly in areas that experi.
ence high human impact and to document rec-
olonization dynamics by the salamanders. An
important management guestion centers on the
relative importance of permanent and ternporary
pools to metapopulation dynamics across cleva-
tions. That is, it may be that at lower elevations,
temporary fish-free pools are the primary source
of successful recruiiment, and deeper lakes can
therefore be maintained as hshing resources,
whereas at the highest elevations, the species can
only persist if permanent, fish-free habitats are
commen. The type and extent of upland habitat
utilized by this species is also in nced of further
study. In particular, the cxtent of upland habitat
that populations require in ordet to persist has
not been studied in this taxon. Climate change
could also have diflerent immpacts on the upland
phase of the life cycle, in addition to the impacts
that are projected for the aquatic part of the life
cycle. [n 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-uccurring arboreal salaman-
der (A. luguhbris). Adult A, hugubris are grayish
to brownish above with vellow 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.

Taxonomic Relationships

Aneides flavipunctatus niger is recognized ag a
subspecies based on geographic isolation from
othet populations, morphological and color
variation, and ecology (Myers and Maslin
1948). Allozyme studies by Larson {1¢30) and
subsequent reanalysis by Highton (zoc00) sug-
gested that A. [ niger is a distinct lineage. More
recent analyses of mitechondrial DNA data
supported the allozyme analyses and identified
another potentially distinct lineage of A. jla-
vipunctatus in the Mount Shasta Region {Rissler
and Apodaca 2007). Further genetic studies
are ongoing and should help resolve these taxo-
nomic issues. Current work is expanding sam-
pling throughout the range of A. { niger and
includes both mitochondrial and nuclear mark-
ers (3. Reilly, pers. commm.).

Life History

Little ig published on the life histary of Aneides
SJlavipunctetus niger, and we therefore rely on
infortnation frotm the northern subspecies, the
specked black salamander {A. f flavipunciatis)
when data from A. £ niger are lacking (see the
“Distribution” section). Anetdes flavipunciatus
niger 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
mote so during rain events. Ferales lay eggs in
July or early August (Peiranka 1998). In the
laboratory, field-collected A. [ flavipunciatus
from Mendacine County stayed with clutches
until the young hatched (M. Slaub, pers. abs. in
Staub and Wake 2c05), but it is unknown
whether A. [ niger females also attend egps in
the field. Lynch (1981) examined 112 adult
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females across the range of A. flavipunctatus
{including A. f niger populations) and found
that femaleg carried 5-z5 enlarged ovarian fol-
licles, with fecundity increasing with body size.
In the southern populations sampled in this
study {(which would contain A. . niger samples),
an average-sized female was 63 mm SVL, with
an estimated clulch size of 9 (Lynch 1981). One
record of a natural clutch of A. f niger eggs was
found more than 20 ¢cm belowground {Van
Denburgh 18gs5). Like many plethodontid sala-
manders, eggs undergo direct development,
and fully formed, small juveniles appear at the
surface shortly after the onset of fall rains,
often in Qctober or Naovemnber {Lynch 1981).

No diet information has been published on
A. f niger. We presume that it is a generalized
predator of small arthropods and other inverte-
brates. Aneides flevipunctatus flavipunciaius in
northern coastal California are generalized
predators that eat small invertebrates, includ-
inp millipedes, beetles, termites, hytenopter-
ans, flies, and collembolans {Lynch 1985).

Huabitat Requirements

Aneldes flavipunciatus niger is restricted to
mesic forests in the fog belt of the outer Coast
Range {Myers and Maslin 1948). While sala-
manders in the penus Areides are sometimes
quite arboreal, A. [0 riger is a ground-dweller
(Myers and Maslin 1948). Aneides flavipuncta-
tus riger occurs in moist streamside 1nicrohabi-
tats and is frequently found in shallow standing
water ar seeps (Myers and Maslin 1948, Lynch
1974; S Barry pers., comm.}. [n these maist
niicrohabitats, A. [ niger has been found under
stones along stream edges and under boards
near creeks (Myers and Maslin 1948). Aneides
Jlavipurclatus niger also occurs in talus forma.
tions or rock rubble {5. Reilly, pers. comm.}.

Distribution (Past and Present)

Aneides flavipunciatus niger 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 southernmast
San Mateo Counties. Areides flavipunciatus



Jlavipunciatus occurs from Sonoma County
north along the coast into southwestern Oregon
and east to Shasta County (Stebbins 2003).
Museum specimens exist for the Santa Lucia
Mountaing (LACM 141882-141883); however,
we are unaware of other records for this region,
and recent searches in this area have not been
successful (3. Reilly, pers. comm.). Lynch
{198r) reported that almost all localities of A.
flavipunctatus (including sites within the range
of A [ niger) occurred below Goo m elevation
in mesic forests that do not experience sus-
iained frepzes.

Some populations of A. f niger have pre-
sumably been lost to development. Such losses
are most likely o have occurred along the east
slope of the Santa Cruz Range as clder ranch-
land has been converted to subdivisions {S.
Barry, pers. comm.). However, 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 diffcult because Aneides
Jlavipunciatus niger spends 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 geographic
range of this taxon. Aneides flovipunctatus niger
is reported to have been abundant and easily
found in the late 19505, relatively abundant in
the 1970s, 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 {5. Reilly,
pers. comm.). This anecdotal evidence sug-
pests that declines may have occurred and are
possibly onpoing.

Nature ond Degree of Threot

Aneides flavipunctatus niger habitat is vulnera-
ble to the effects of logging, spring capping,

and roadbuilding. The Peninsula Open Space
Trust has acquired seme of the vulnerable prop-
erty in the notthern part of the range, but there
is still some risk of further ranchland subdivi-
sion (http:/fwww,openspacetrust,org: 5. Barry,
pers. comm.}. Climate change may pose some
threats to this taxon, particularly given its small
range and habitat specihcity. Within the range
of A. [ niger, mean annual temperatures are
predicted to increase, thouph little change is
expected in precipilation (reviewed in PRBO
zori}. I conditions become significantly
wartner and drier, thig may affect opportuni-
ties for surface activity, although use of moist
streamside microhabitats may minimize this
effect. The frequency and size of fires in the
Coast Ranges is expected to increase up to 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 habitats
(Fricd et al. 2004, Lenihan et al. 2008, Wester-
ling and Bryant 2e08). The extent of grassland
vegetation is predicted 1o increase, and forested
areas are predicted to decrease within the ranpge
of A. {. niger, which may negatively affect habitat
availability (Lenihan et al. 2008).

Status Determination

Ancides flavipunctatus miger is an endemic sala-
mander with a small geographic range in an
area with some risk of additional development.
However, onpoing declines and peopulation
losses have not been well documented, result-
ing in a Priority 3 designation.

Management Recommendations

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

Meanitoring, Research, and Survey Needs

Basic ecological and life history information ig
almost entitely lacking for this taxon, as are

S5ANTTA CHUY BLACK 3ALAMAHDER 145



estimates of current population abundances,
limiting our ability to make more specific man-
agement tecommendations. Surveys of micro-
habitats such as streams and seeps in forested
areas should be cenducted, though disturbance
of microhabitat in order to find animals needs
ko be balanced with concerns regarding contin-
uing decline. These surveys may be more eflec
tive if artificial cover abjects are placed in suit-
able habitat, allowing for more comparable
survey elfortg 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 poorly known, and upland surveys would be
useful for determining whether riparian bufF-
ers would be beneficial for Aneides flavipuncin-
tus miger. Ecological and/or penetic studies of
movement ecology and landscape genetics
would be useful for understanding connectivity
among populations and the permeability of dif-
ferent vegetation types.









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

Taxonarmic Relationships

This species is a member of the Plethopsis sub-
genus of Bairachoseps, which also includes the
Oregon salamander (B. wright) from north cen-
tral Qregon, and B, rohustus from the Kern Pla-
teau and western margins of Owens Valley in
eastern California {Wake et al. 200z). Plethop-
sis can generally be characterized as a stout,
robust group of Batruchoszps with relatively
broad heads. Batrachoseps campi is morphologi-
cally distinguishable from ather Plethopsis
based on the presence of silvery iridophores,
lack of dorsal stripe, and lack of white Hecks
ventrally (Marlow et al. 1979, Wake et al. 2002,
Stebbins 2003). In addition, the species is
genetically distinct at allazyme and mitochon-
drial loci (Yanev 1978, Yanev and Wake 198,
[ockusch and Wake 200a).

Life History

The life history of Batrachoseps campi is in need
of further study. Its habitat differs somewhat
from other closely related Batrachoseps species
(e.g.. B. robustus, B, wrighti}, but information
from these taxa is still likely to apply to B. campi
in several respects. Surface activity occurs at
night {Macey and Papenfuss 1g91a) during
which time the species presumably feeds on a
variety of sinall 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 fissures in canyons of the Inyo Moun-
tains. Localities where thig species hag been
found contain wet rocks and fissures in close
proximity to perennial water (Hansen and
Wake 2005a). Salamanders are usually found
under wet rocks or in clumps of moist ferns or
other cover {Hansen and Wake 2005a). The

species retreats into fissures and rock crevices
when surface conditions are not faverable. Hab-
itat surrounding these localized springs con-
sists 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 Rowing water at
high-elevation sites in areas of pinyon—juniper
woodland [Giuliani 1996, Hansen and Wake
200%5a}.

Distribution (Past and Present)

Batrachoseps campi is known from a small
number of locatities on the eastern and western
stopes of the [nyo Mountains {Jennings and
Hayes 19944}, although additional populations
(presumably few) may be discovered in cur-
renfly unsucveyed sites (Hansen and Wake
20052). The known elevational range of the spe-
cies extends from 490 10 2600 m {Macey and
Papenfuss 19y1a, Hansen and Wake 2005a},

Trends in Abundance

Populations may have declined or been extir-
pated at a few sites due to habitat modification,
though population abundance data are essen-
tially lacking (Papenfuss and Macey 1g86).
Although data are scarce, most known popula-
tions appear to be stable.

Nature and Degree of Threat

The primaty threat to this taxon is habitat mod-
ification. The overall species range is very smail
(<20 ha total occupied habitat) and within that
range consists of very small, isolated patches of
suitable habitat (Hansen and Wake 2005a). The
populations in each of these patches are iso-
lated, so recolonization following extirpation is
unlikely (Yaney and Wake 1981). Flash floods
have scoured the canyon bottoms at sormne local-
ities, destroying the riparian habitat, though
salamander populatinns appear to persist and
slowly recover (Giuliani 1996, Hansen and
Wake 2005a). Darmage to the sensitive riparian
microhabitat from the capture and contain-
ment of springs (spring capping), mining,
water diversion, and feral burro activity has
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occurred at other localities (Papenfuss and
Macey 19806). Much of the species’ range is
unprotected and is vulnerable to further
modification.

Status Deterrnination

Due to its small range size and isolated popula-
tions, this species is inherently vulnerable to
decline. The springs that are essential to its
existeuce are scarce within the species’ range
and are vulnerable to imparts from waler diver-
sion 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 irmpacts. For all of these
reasons, a Priority 3 status is justified.

Manngemant Recommendations

The primary management priority for Batra-
choseps campi is to protect existing habitat. Res-
toration of degraded habitat would be helpful.
However, given the dearth of information on
habitat requirements, il is very difficult to know
what kinds of restoration would most benefit
the species. Thus, restoration elforts need to be
informed by the research and monitaring
efforts outlined below. Until that time, the
riparian areas around desert springs should be
protecled from modification, specifically with
respect to changes in hydrology and vegetation.
Seme populations, such as the one at Barrel
Spring, Inyo County, California, are likely to be
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sensitive to relatively minor changes in hydrol-
ogy (D. Wake, pers. comm.}.

Monitoring, Research, and Survey Needs

While the key manapement 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 geographic range. In
the course of Lhis work, surveyors would need
to undertake basic life history research to
gather information on population sizes {both
census and genetically determined eflfective
population sizes}, yearly activity cycles, habitat
occupancy, and basic ccological 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 to be searched during
times when surface moisture is high enough to
bring salarmmanders to the surface, although
minimizing damage to these rare habitats is a
critical priority. Higher-elevation populations
may be mnore dispersed acmss the landscape,
and surveys should take this into account. Moni-
toring efforts need to be initiated at localities
that have egperienced habitat degradation to
quantify the ability of Batrachoseps campi to tol-
erate habitat changes thal oecur as springs are
managed for human or livestock needs,









robust {Hansen and Wake 2005b). Subadults,
in particular, can be difficult ta tell apart in
these species, particularly in some preserved
specimens. Molecular identification may be
required in some of these cases.

Taxonomic Relationships

Batrachoseps minor was previously included in
B. pecificus {sensu lato), Populations now
regarded ag B. minor were recognized largely on
the basis of mitochondrial DNA and allozymes,
though some morphological features distin-
guish this species from other members of
the 8. pacificus complex {Jockusch etal. 2q01).
Batrachoseps minor is closely related to the 5an
Simeon slender salamander (B. ircognitus),
and the garden slender salamander (B, major)
{Jockusch et al. 2001, Jockusch and Wake
zo02).

Life Histary

The life history of Batrachoseps minor 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. miror within the range (Hansen
and Wake z2o005b). [t is possible the B. nigriven-
iris ecologically replaces B. minorat lower eleva-
tions {Hansen and Wake 2005b}, though the
extent or effects of competition between these
species has not been studied.

Habitat Requiremnents

Batrachoseps minor is found on steep notth
and east-facing mesic slopes within its known
range {Jockusch et al. zo001). Known localitics
have a canopy of oak, tanback, madrone, and
laurel with a poison oak thicket understory (S.
Sweet, pers. cornm.}. These sites remain damp
much longer than surrounding slopes, and are
2-3"C cooler at the litter/soil interface (S.
Sweet, pers. comm.). Very few localities are

known, and habitat requirements need further
study.

Distributicn {Past and Present)

Batrachoseps minor is found only in north cen-
tral San Luis Obispo County, It is present in the
southern part of the S8an Lucia Range abave
400 m, ranging {rom the vicinity of Black
Mountain south and east into the Paso Robles
and Santa Rita drainages {Jockusch et al. 2001).
Populations farther south have been assigned
1o this species based on morphology and molec-
ular information (E. Jockusch, pers. comm.).

Trends in Abundance

This species was appatently once common
within its range. Many specimens were collected
throughout the 19705 before the species was
described, but the species subsequently became
much more difficult to find (Jockusch et al.
2c01; D. Wake, pers. comm.). Few specimens
have been reported in the literature in the last
decade, although several unreported sightings
arc known, and populations may now be increas-
ihg 1o some degree (Hansen and Wake zoogb;
E. Juckusch, pers. comm.; D. Wake, pers. comm,;
8. Sweet, pers. comm.). Duzing 71975, field
crews associated with the Museum of Vertebrate
Zoology undertook 10 held trips that collected
265 Batrachoseps from sites knewn to support 8.
minor. This collection comprised 206 B. minor
{77% of the lotal) and 5g B. nigriveniris {5, Sweet,
pers. commi}. In 12 surveys conducted since
2011, 27 B. minor have been found along with Go
B. nigriventris (31% of the total; S. Sweel, pers.
cornm.), suggesting that the frequency with
which B. minor is detected relative 10 B. nigriven-
tris has decreaged 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 19705 and the
present that might explain these changes have
been observed (5. 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 ta chartacterize with certainty.
Some habitat medification resulting from land
conversion to vineyards has occurred within
the range, and the invacion of exotic plants has
caused changes to the understory in some areas
{Hansen and Wake 2005b; D. Wake, pers.
comm.); both of these factors are presumably
detrimental to the species’ persistence. That
said, the extent to which such land conversion
hag occurred has been disputed {5. Sweet, pers.
comm.) and a large amount of apparently suit-
able habitat still remains in the peneral region.
The species was formerly detected in large
numbers at wincries {Hansen and Wake zoo05b;
E. Jockusch, pers. comm.; D. Wake, pers.
comm.). Other factors contributing to the
declines deserve further study. As this species
seems lo be limited to relatively 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 species. 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 a temporary and cyclical decline asso-
ciated with moderate-term changes in climate
{rainfall specifically; S. Sweet, pers. comm.).
Here, we interpret the observed pattern with
precaution in mind, treating the docurmented
declines in abundance ag real and noncyclical,
but acknowledging that an alternative possibil-
ity exists and that further study and published
data are needed.

Status Determimation

Batrachoseps miner is a California endemic and
has an exceedingly small geographic range.
Large appatent declines have occutred since
the 1970s, and the threats to this taxon are
poorly 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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rnolecular data) to support Batrachoseps minor,
and these sites should he protected from fur-
ther modification that is likely to be detrimen-
tal to salamander populations. Additional
information on the range, habitat require-
ments, and environimental sensitivity of the
species is needed to help puide future
management.

Monitoring, Research, and Survey Needs

Batrachoseps minar is poorly known biologically,
and published accountg of even the most basic
habitat and ecological data are largely lacking
for the species. Additional and ongoing surveys
for this taxon are needed to help determine its
range, both geographically and ecologically.
However, careful attention needs 10 be paid to
elfective identification of specimens that are
found. Because B. minor is so similar in appear-
ance to B. rigriventris, and the two species
occur in microsympatry, surveyors need to
have extensive experience distinguishing dif
ferent Batrachoseps species from each other.
Subadult specimens of B. minor may require
tnolecular identification unless and until Reld-
validated morphological characters can be iden-
tified. As the status of remaining populations
is unknown, a reasonable management policy
would be that no Batrachoseps from the known
or suspected range of B, minor be removed
from the wild unless the collector has extensive
experience identifying these species, Rather,
individuals should be photographied and non.
destructively sampled, preferably by removing
a smalt partion from the end of the tail {~2
mm) and genotyped to establish identification.
[f 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 likelihood 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



{plywood boards) throughout the known range.
Nighttime surveys during rain events might
also be productive. In addition, nearby arcas
should continue ta be surveyed for this gpecies,
as its distribution could potentially be larger,
both ecologically and geographically, than
is presently known. Higher-clevation arcas,
such as those in the vicinity of Santa Rila and
Old Creck Road, San Luis Obispo County,
should be surveyed if aceess to private land
in these areas can be established. It is possible
that the known localities occur near the
lower elevational range of the species, and
larger populations exist at higher elevations
{E. Jockusch, pers. comm.). Recent and

repeated surveys in sormne of these areas have
failed to detect this species, which suggests
elevation may not be an important factor (5.
Sweet, pers. comm.). Nevertheless, the species
is cleatly less detectable than it was decades ago
and additional published data are needed to
better characterize the known distribution and
abundance. Additienal research into potential
causes of the declines in detectability should
also be pursued. In particular, screens of
rmuseurn specimens for the presence of patho-
genic fungi might be fruitful (D. Wake, pers.
comm.}, as could study of decadal scale climate
and rainfall patterns within the species known
range (5. Sweet, pers. comm.).
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Breckenridge Mountain populations (Jockusch
etal. zo12).

Several other species of Brtrachoseps occur in
the sarne region of the southern Sierra Nevada,
and geographic range is the best way to distin-
guish animals in the field. Individuals from Lhe
upper Kern River Canyon (Greenhorn Moun-
tains slender salamanders, B. altesicrrze) that
were previously considered a part of B. relictus
{see the "“Taxonomic Relationships” seclion]
have relatively longer trunks, smnaller heads,
shorter limbsg, and smaller feet (Jockusch et al.
2012), Female B. altasierrae have fewer maxillary
teeth, and the vomerine teeth in both sexes are
patchily distributed, compared to being arranged
in rows in B. relictus (Jockusch etal. 2012).

In the Jower Kern River Canyon, the range
of B. relictus overlaps wilh Kern Canyon slender
salamanders (B. simatus) and the yellow-
blotched ensatina {Ensebing eschscholtzii crocea-
tor; Brame and Murray 1963). Unlike E. relic-
tus, B. simaius is not closely associated with
water, and populations of 8. relictus at eleva-
tions where B. simatus occurs are likely extir-
pated {see the "Distribution” seclion). Ensatina
eschscholizii crocemtor is a larger, more robust
salamander and is easily distinguished by con-
spicuous yellow blotches on the dorsum and a
much larger bedy form (Stebbins 2003}

Taxonomic Relationships

The populations included in Batrachoseps refictus
have changed considerably since its original
description. Brame and Murray (1968) consid-
ered several geographically disjunct populations
as belonging to B. relictus, most of which are
now recogrized as distinct species (Yanev 1978,
Yanev 1980, Jockusch et al. 1998, Wake and
Jockusch 2000, Jockusch et al. 2001). Popula-
tions in the Sierra Nevada from the Merced
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.
{(1998). At that time, B. relictus was thought to
range frorn the Tule River drainage to the lowet
Kern River Canyon, including populations in
the Greenhorn Mountains (Jockusch et al. 1998,

158 SALAMANDERS

Jackusch and Wake 200z). Since then, popula-
tions fromn the upper Kern River have been
found to be morphologically distinct from sala-
manderg at the B. relictus type locality, and have
been described as the new species B. altasierrae,
the Greenhorn Mountains slender salamander.
{Jockusch et al. zo12). Populations of Batra-
choseps on Breckenridge Mountain were discoy-
ered in [g79. Jennings and Hayes (1994a) 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 Lhe
type locality, and are now included as B. relicius
{Jockusch et al. 2012). Given the description of
the new taxan B. altasicrrae, the classification of
Breckenridge Mountain populations as B. relic-
tus, and the presumed extirpation of the type
locality (see the “Distribution” section), extant
B. relictus only occur on Breckenridge Mountain
under '[hE current taxona ['l'l.iC arrangement.

While we follow the recornmendations of
jockusch et al. {zo12) to recognize Batrachoseps
from Breckenridge Mountain as B. relictus, it is
important to note that their pbylogenetic analy-
scs of mimchondrial DNA show these popula-
tions as nested within B. simatus, the Kern
Canyon siender salamander, Jockusch et al.
{2p12) argued that allozyme 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 potentially explained by introgression
from B. simatusinto B, relictus, This interpreta-
tion appears to be reasonable. However, given
the complexity of this group, it remains possi-
ble that additional work may lead 1o further
taxgnomic revisions.

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. altasierrae. Batrz-
choseps relictus on Breckenridge Mountain
{17c0-2000 m elevation) have been found sur-
face active under cover objects from May to early



Ocmber (Jockusch et al. 2012). 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. Asseciation
with aquatic microhabitats likely facilitates
extended periods of surface activity {see the
“Habilat Requirements” section). Like other
plethodontid salamanders, B. relictus is a direct
developer that lays terrestrial eggs. Females have
been found with yolked ova or eggs in May and
June (Jockusch et al. 2012). A communal nest
with mughly 125 eggs and 20 adults was discov-
ered beneath a rock in a seep during June 1979 at
the high-elevation site on Breckenridge Moun-
tain (K. Hansen, pers. obs,, in Jockusch et al.
2012; cbservation incorrectly ascribed to B. sima-
tus in Slebbins 1985). Diet has not been studicd
in B. relictus. Presumably they use their prujectile
tongues to catch small invertebrates, as do other
Batrgchoseps species (l1ansen and Wake 2005¢).

Habitat Requirements

Individuals from the type locality in the lower
Kern River Canyon have been found associated
with perennial springs, seeps, and small creeks
in oak woodland below 750 m (Hilton 1948,
Brame and Murtay 1968). This close associa-
tion with water was described as “semiaquatic”
by Brame and Murray (1968). Animals have
been found under cover objects with water
beneath them and observed in the water (Hilton
1048, Jockusch et al. 2012). On Breckenridge
Mountain the dominant vepetation type at
extant localities is pine-fir forest (Jockusch et
al. 2012). East of Squirre] Meadow at 2000 m
elevation, Batrachoseps 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 tweo
adults were found 45 m upslope from seep habi-
tat at the Squirrel Meadow site (Jockusch et al.
2012). At Lucas Creek, the lower-elevation
extant lacality on Breckenridge Mountain
(1665 ). all B. relictus to date have been found
under cover objects along a 750 m stretch of
stream (Jockusch et al. 2o12].

Distribution {Past ond 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
Het Springs and Resort (Brame and Murray
1968). Despite repeated, carefu) searches, Bal-
rachoseps relictus have not been seen at the type
locality since 1970 (Jockusch et al. 2o12; incor:
rectly reported as 1971 elsewhere). Extirpation
of the type locality may have been caused by the
degradation of the sensilive seep and spring
habitat due to the construction of Highway 178
{Hansen 1988). With the presumed extirpation
of the type locality, B. relictus is now thought to
be restricied to two localities on Breckenridge
Mountain, and has the smallest known range
for any described species of Bairachoseps. Mopu-
lations north of the Kern River including the
Greenhorn Mountains are ne longer consid-
ered a part of B. relictus {see the “Taxonomic
Relationships” section). The known elevation
range is from 480 m in the Lower Kern Canyon
River up to 2000 m on Breckentidge Mountain
{Jockusch et al. zor2).

Trends in Abundance

Declineg are suspected at one extant site, the
area east of Squirrel Meadow on Breckenridge
Mountain. The locality was first discovered in
1979 but Jater degraded by construction of a
logging read through Batrachoseps refictus habi-
tat. Salarmanders were not seen at this site for
two decades, with declines presumed to be due
to habitat degradation from road construction,
wildfire, and timber harvest (Jockusch et al.
2012). More recent surveys of the site have
found that populations appear to be rebound.
ing to some degree (Jockusch et al. aor2).
Whether such variation in abundance over time
is typical, due 1o detection difficulty, or actual
anthmpogenic declinez is unknown.

Nature and Degree of Threat

The major threat to Batrachoseps relictus is habi-
tat degradation, particularly of sensitive spring
and seep habitat. Climate change is expected to
increase temperatures in the Sierra Mevada,
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although changes in precipitation and fire
regime are highly uncertain and large regional
variation is expecied across the mountain chain
and at different elevations (reviewed in PRBO
2011}, If conditions become warmer and driet,
this would presumably negatively affect . relic-
tus populations, although microhabitat charac-
teristics are likely key to determining surface
activity and population stability. Large reduc-
tions in snowpack are predicted for the Sierra
Nevada (reviewed in PRBO zor17), which may
decrease the availability of streamside babitat
{or B. relictus.

Status Determination

The extremely limited geographic range of Bat-
rachoseps reliclus, the small number of known
extant populations, and apparent extirpation of
the type locality contribute to a Priority 1 Spe-
cies of Special Concern designation for the
species.

Management Recormmendations

Protecting the two remaining localities from
habital degradation is critical to the persistence
of Batrachoseps relictus. Given the extremely
gensitive and restricted range of the gpecies,
any habitat modification should be avoided
where the species still occurs. Road construc
tion should be avoided, and road use and main-
tenance activities should be restricted, or ide-
ally eliminated altogether. Timber harvest and
use of heavy equipment in or near seeps and
streamns should be eliminated. [If the type local-
ity is confirmed to be extirpated, then repatria-
tion of the species 1o the type locality may be
appropriate. However, the lack of genetic infor-
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mation from this site (no genetic samples exist)
and the overall state of flux in the classification
of southern Sierra Nevada Batrachoseps may
argue against such reintroductions pending
further moleculat systematics work on the
group as a whole. Although the extent and use
of upland habitat is unknown, protection of
riparian buffers would almost certainly benehit
this species in disturbed areas. In addition. it is
probably reasonable to assume that livestock
grazing should be eliminated from areas where
the species still occurs, at least until field eco-
logical studies indicate that grazing is compat-
ible with the habitat
requirements.

salamander’s

Monitoring, Research, and Survey Needs

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









eye stripe behind each eye, and the smout is
depressed (Petranka 1g9B). The toe tips of lar-
vae are black and cornified {Petranka 1998).

In Califernia, D. ensatus is largely indistin-
guishable from the more widely distributed
coaslal giant salamander (D. tenebrosus) based
on morphology alone. However, both geo-
graphic range and genetic markers distinguish
these twa specics.

Taxonomic Relatianships

Good (1989) split California Dicemptodon 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 cxists between the
two species approximately 10 km north of
Gualala in Mendocino County (Good 1989).
Otherwise, the two species are allopatric.

Life History

Adult Dicamptodon ensatus are terrestrial and
return to streams to breed during the fall rainy
season {Kessel and Kessel 1943a) and in the
spring (Stebbins 2003). One D. ensatus nest of
approximately 70 eges was found under a sub-
merged wooden plank in a rapidly fowing
stream in the Santa Cruz Mountains, San
Mateo County, dnring June {Henty and Twitty
1940). Female D). tenebrosus guard nests
through hatching (Nussbaum et al. 1983), and
an adult female D. ensatus waz found near the
Santa Cruz Mountains nest (Henry and Twitty
1940}, suggesting that beth species may guard
their eggs. Eggs in early developmental stages
are pure white and approximately 5.5 mm in
diameter (Petranka 19g8}. The larval stage
tasts approximately 18 months, with larvae
growing 8—12 mm in TL per month during the
warmer months in their first year. Larvae reach
1o cm TL within a year of hatching and meta-
moerphose in late summer at 13-14 ¢m TL
(Kessel and Kessel 1943a, Kessel and Kessel
1943b, Kessel and Kessel 1944). The prevalence
of paedomor phosis in this species is unknown,
although it can be quite common in D.
tenebrosus, A paedomorphic population of D,
ensaits has been reporied from caves on the UC

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

Bury (1972 reported gut contents of 12
adults ftum Del Norte, Humboldt, and Marin
Counties [ie., 2 mix of D. ensatus and D. tene-
brosus). Eight out of 12 specimens contained
one or more vertebratea, including California
slender salamanders (Bairachoseps attenuatus),
lizards, mice, shrews, and voles. Other prey
included large invertebrates such as land snails
and smaller invertebrates such as beetles and
crickets {Bury 1972). Cannibalism has been
documented in adults {Anderson 1960). No
diel data from larvae are available for this spe-
cies, though they are presumed 1o have similax
diets to larval D. tenebrosus {Petranka 1998),
which primarily consumne aquatic insects and
other invertebrales (Parker 1994).

Habitot Reguirements

Dicamptodon 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 (M. Waters, pers. comm.). Very little is
known about lerrestrial habitat use by adults
and metamorphs, although adults are occasion-
ally found surface active nr under cover objects
in wet conditions {Petranka 1968). One unu-
sual record exists of an adult D. ensatus in a tree
vole {Arborimus pemo) nest 2.4 m ofl the
ground, the only account of arbeoreality in this
species {D. Hamilton and W. Raoberts, unpub-
lished data in Forsman and Swingle zoo7).

Breeding and larval development occurs in
cold permanent and semipermanent streams
{Petranka 1998). Larval habitat use is poorly
studied. In one stream, small larvae were found
in slow-moving water near the banks during
heavy flows, and as Aows decreased they moved
into the main stream channel where larger lar-
vae occurred (Kessel and Kessel 1943a, Kessel
and Kessel 1943b).

Distribution (Past and Present)

Dicamptodon ersatus is endemic 1o California,
occupying a small range from sea level to
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noo m in elevation along the coast in two iso-
lated areas near San Francisco Bay (Stebbins
2003). North of the Bay, they occur in the outer
Coast Ranges from near the southern border of
Mendocino County south through Marin
County, and the inner Coast Ranges in Napa,
Sonoma, Lake, and Solano Counties (Good
1989). South of the Bay, they accur in the Santa
Cruz Mountains in San Matce, Santa Clara, and
Santa Cruz Counties (Good 198g; N. Waters,
pers. comm.}. Dicamptodor ensatus has not
been recorded in the East Bay (Stebbins 2003).
Nussbaum {1976} mentioned an unconfirmed
sight record from Lhe Santa Lucia Mountains in
Monterey County, Multiple surveys by several
researchers over the decades have attempted to
verify this account with ne individuals detected
{N. Waters, pers. cornm.). While extirpations
have not been decumented, urbanization, agri-
culture, and timber harvest have likely resulted
in some population losses, particularly due to
development it the southern part of the range
{Bury 2005; 5. Barry, pers. comm.)

Trends in 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, roadbuilding, logging,
or water diversions {Bury 2005).

Nature and Degree of Threat

The Santa Cruz Mountains isolate is currently
largely contained within a network of public
parkland, though the extent of possible losses
in this region due to past development is poorly
understead (N. Waters, pers. comm., S. Barry,
pers. comm.]. Coast Range populations in the
notrth 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 clear-cutting
and road construction can lead to lawer abun-
dances in Dicamptodon tenebrosus (Corn and
Bury 1989, Welsh and Ollivier 1998). Other
threats include fragmentation of riparian habi-
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tat, water diversions for municipal and agricul-
tural use, and road mortality [N. Waters, pers.
COMm.}.

Climate change may negatively impact D.
ensatus, although uncertainty in climate projec
tions coupled with limited ecological informa-
tion makes assessing risk difficult. Mean annual
lemperature 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 2011). At the same time, upwelling is
expected tointensify (Snyder et al. 2003, Lebassi
etal. 2009). This may increase fog development
and countribute to cooler, moister conditions
along the wmast, potentially ameliorating efTects
of warming or drying within the range of D.
ensatus. The frequency and exlent of wildlite is
cxpected to increase in the repion encompassing
the sputhern part 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 range is less well under-
stood [reviewed in PRBO zo1r), Elfects of wild-
fire on. D. ensadus ate unknown, though mortal-
ity and habitat degradation due to fire has been
documented in other stream-breeding amphibi-
ans {e.g., Camradt and Katz 1997, Pilliod et al.
2003). In northwestern California, vegetation
communities are expected to shift from meist
conifer to drier mixed evergreen forest, with
reductions in Douglas fir and redwood farest in
particular {Lenihan et al. 2008, PRBO zo011),
which may impact the availability of D. ensatus
habitat.

Status Determination

Dicamptoden ensatus is an endemic, ecologi-
caily specialized salamander with a small geo-
graphic range that is restricted to an area witha
high human population density. These factors
combine te place it at high risk of habitat loss
and disturbance. However, data are not availa-
ble to deterrnine whether ongeing declines and
population losses have occurred, resultingina
Priority 3 desipnation for this species.



Mariagement Recammendations

We know little about the basic biclogy of this
species, which makes it difficult to formulate
management recommendations beyond mini-
mizing disturbances to existing habitat. Habi-
tat protection may be particulatly important for
smatl headwater streams where giltation and
ather streamn disturbances are known to
severely impact other Dicamptodon species.
Construction and use of roads should be elimi-
nated or minimized within D. ensatus habitat,
particularly during the breeding season. Ripar-
ian buffer vegetation should be retained in
arcas that are developed or harvested, though
efficacy of buffers and optimal bufler widths
for this taxon are unknown.

Monitaring, Research, and Survey Needs

Distribution, abundance, habitat requirements,
and life history of Dicamptodon ensatus all need
further study. Most research to date has facused
on the more widespread D. tenebrosus to the
north and was conductad before the two species
were recognized ag distinct. This substantial
knowledge gap needs to be addressed with basic
ecological studies, Nothing is known about dis-
petsal in this species, especially the importance
of moverment through terrestrial habitats. Both
mark—recapture and landscape genetic studies
are needed for D. emsatus. Studies are also
needed that examine the efficacy of streamside

buffers in ameliorating the effects of distur-
bance on streamn habitats, Such studies shauld
be replicated both notth and south of San Fran-
¢isco Bay, given that these are completely iso-
lated population segments living in different
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
aguatic habitats, transformed D. ensatus are
infrequently encountered using typical amphib-
ian survey techniques. For example, only 12
individuals were captured in 18,032 irap nights
over 3 years of pitfall trapping along 840 m of
drift fence in suitable habitat at Point Reyes
Mationa) Seashore (G. Fellers and D. Pratt,
unpublished data, in Fellers et al. 2¢10). 1n the
same study, no Dicamplodon were detected
under B4 coverboards during nearly zooo v
erboand checks. However, culvert removal using
heavy equipment uncovered aggregations of
»20 adults at the same study sites, suggesting
that terresirial sampling may severely underes-
timate abundance (Fellers et al. ac10). Another
account from Santa Cruz County reported sev-
eral adults and eggs getting washed out of a drill
hole made G m into a hillside to access a subter-
ranean spring (Dethlefsen 1048}. These reports
suggest that metamorphosed individuals may
be largely subterranean in their habits, a possi-
bility that needs further investigation.
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SOUTHERN TORRENT SALAMANDER

Rhyacotriton variegatus Stebbins and Lowe 151

Status Summary

Rhyacotriton varicgatus is a Prierity 1 Species of’
Special Concern, receiving a Total Score/Total
Passible of 75% (83/110). Previously it was also
congidered a Species of Special Concern,
alkhough at a lower priority level. Additional
research on ecology and phylogeography since
Jennings and Hayes {1a904a) supports this
change in status.

Identification

Rhyacotriton variegatus is a small to medium-
sized salamander {5 em SVL) {Welsh and Lind
1992, Tait and Diller 2006), with a small
head and a short, laterally compressed tail
{Stebbins 2001). Expanded sguare-shaped
glands lateral and posterior to the vent in adult
males diztinguish this penus from all other
MNorth American salamanders (Petranka 1998).
Rhyacmriton has large bulging eyes, with eye
diameter roughly equal to 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 is brownish to olive, and the venter is yel-
low to yellowish green with a sharp, abrupt
demarcation between the dorsal and ventral
coloration (Petranka 1998). California R, varic-
gitus are heavily speckled with small dark gpots

Southern Torrent Salemander: Risk Factors

Ranking Criteria {Maximum Score) Score

i. Range size (10} 10

ii. Distribution trend (25} 20
iii. Population concentration/ 10

migration {10}

iv. Endernism {10} 3
v. Ecological tolerance (10} 10
vi. Population trend {25) 10

vil. Yulnerability to climate change (10} 10
viii. Projected impacts [1) 10
Total Score 83
Total [ossible 110

Total Scoref Total Possible 0.75







on the dorsum and venter {Goad and Wake
1992},

larvae are of the stream type and have mor-
phological adaptations unique to 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 byown above, the venter is
cream to yellow, and the body is sprinkled with
dark gpeckling above and below except on the
tail fin. The eyes are prominent and dorsally
positioned {Petranka 1993).

Taxonomic Relationships

Rhpacolritor variegalus has been recognized as a
gpecies since 1992 based on protcin variation
(Good and Wake 1992). Miller et al. (2006}
identified three mitochondrial DMA clades
within . wariegals, The California cladefsouth-
ern Oregan clade split accurs at the Smith River
in California, a common biogeographic bound-
ary. Miller et al. {2006) conchuded that the Cali-
fornia clade constitutes an evelutionarily signifi-
cant unit (sensu Moritz 1994). The California
clade is endernic Lo the state with a ~50% smaller
range than the species as a whole, and the south-
ern Qregon clade animals in California have an
extremely small range. Although Miller et al.
{tool) recognized these clades as potential
management units, we ¢consider themn as a sin-
gle taxon here pending additional research on
their gecgraphic 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
(Humbaldt County; Tait and Diller a006).
California females have been found carrying
spermatophores from February through June
{Stebbins and Lowe 1951, Taitand Diller 2006},
and females from an Oregon population had
clgacal spermataphores as late as October
{Nussbaum and Tait 1977).

Females produce smaller clutches than
most similarly sized stream-breeding salarman-
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ders {Petranka 1998), with gravid females car-
rying from 4 to 16 ovarian epgs (Nussbaum and
Tait 1977, Good and Wake 1992, Tait and Diller
zo06). Karraker {1999} found a nest with 1r
creamn-colored eggs deposited singly beneath a
small bouldet in a first-order stream channel in
Humbaoldt County.

Developmmental times are slow, with oviposi-
tion to sexual maturity taking approximately
4.5 years (Nussbaum and Tait 1977, Tzit and
Diller 2006}. Time from oviposition to hatch-
ing is roughly 8 months (Karraker 1999}, with
time from ovipasition to absorption of yolk
probably closer ta a year (Tzit and Diller zoo6).
Peak oviposition is in Augusl and Septemher in
California, with peak hatching occurring in the
spring (Humboldt County; Tait and Diller
2006). Larval development from hatching to
metamotphosis takes 2-2.5 years (Nussbaum
and Tait 1g77, Tait and Diller zoo6). After
metamorphosis, an additional 1—1.§ years of
growth is required beforc sexual maturity is
attained {Nussbaum and Tait 1977, Tait and
Diller 20006).

The extended reproduclive period and over-
wintering of larvae resulf in overlapping size
cohorts in streams {Welsh and Lind 1992, Tait
and Diller 2006). Hatchlings are 14-16 mm
SVL {Tait and Diller 2000}, and size at meta-
mor phosis is around 3§ mm SVL {Nussbaum
and Tait 1977, Good and Wake 1992z, Tait and
Diller 2006). In Humboldt County, larval
growth rates were recorded as 2.3 mmyyear in
Six Rivers National Forest (Welsh and Lind
1992} and & 9 mm/year in a mote coastal site
in the Mad River drainage {Tait and Diller
2600). Larvae and adults weighed more in the
spring than fall at one site, suggesting active
foraging and growth over the winter months
(Welsh and Lind 199z2).

Adults are active at air and water tempera-
tures of §-10°C, lower than those known for
any other aquatic salamander (Stebbins and
Lowe 1951, Stebbins 1955, Brattstrom 1963}
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 z008b). Welsh and Lind (1996)
observed signs of stress in adults at 17.2°C.
Thermal tolerances of eggs are unknown (Bury
2008b).

Very lew data are available on movement or
diet in this species. One mark—recapture study at
a single headwater streamfseep site in Hum-
boldt County found extrernely tow levels of move-
ment, with approximately 1 m/yeat of movement
for adults and 2 m{year for larvae on average
(Welsh and Lind 1992). However, unrecaptured
animals may have moved lenger distances (z0%
of originally marked animals were recaptured).
The diet of Rhyacotriton variegatus appears to be
generalized on aquatic and semiaguatic inverte-
brates, with amphipods and collembolans the
most abundant prey (Bury and Martin 1967).

Habitat Requirements

Rhyacotriton variegatus occurs within a rela-
tively narrow range of ecological conditions that
are typical of late-seral forests. These condi-
tions include cold, clear, flowing permanent
seeps and headwater to low-order slreams with
coarse, rocky substrates in mesic to moist for-
ests (Welsh and Lind 1988, Welsh 1990, Welsh
and Lind 1991, Welsh and Lind 1996, Vesely
and McComb 2002, Welsh et al. 2005, Ashton
et al. 2006, Welsh and Huodgson 2or1). Key
habitat requirements are the maintenance of
cold water temperatures {6.5-15°C) and pres-
ence of loose substrates composed of gravel and
cobhle {Diller and Wallace 19g6, Welsh and
Lind 1996, Stoddard and Hayes 2005, Welsh et
al. 2005, Bury 2008b, Welsh and Hodgson
2008}, In the Mattole Watershed, R. variegatus
occurred primarily in undisturbed headwater
channels and was never detected in streams
where canopy closure was less than gr% or
water temperatures were warmer than 131.5°C
{Welsh and Hodgson 2011). Rhyacotritor varie-
gatus is extremely desiccation intolerant (Ray
1958), although it will accasionally venture
away from the streamn channel and use riparian
and forest habilal in the wet season {Vesely and
McComb zocz; Vesely and McComb, pers.
obs., in Welsh and Lind 1996).

Rhyacotriten wariegalus is sengitive to fine
sediment load and embeddedness {Welsh and
Lind 1996, Welsh and Ollivier 1998) and has
been found to be positively associated with
high-gradient streams, particulatly in areas
with timber harvesting, This may be due to
stream network processes that flush fine sedi-
ments aut of high-gradient reaches (Corn and
Bury 198g, Diller and Wallace 196, Stoddard
and Hayes zocos, Ashton et al. 2006). In a
review of seven studics of R. variegatus habitat
associations, Welsh and Hodgson (2008) found
that the species occurred at sites where fine
sediment ranged from 29 1o 40%, and zerw
detections occurred when more than 65% of
the coarse substrate was embedded with fine
sediment.

Distribution (Past and Present)

Rhyacotriton variegatus occurs patchily al eleva.
tions below 1469 m throughout the Pacific
Coast Ranges of Oregan and California, (romn
the Little Westucca River and Grande Ronde
Valley in Oregon to near Alder Creek in Mendo-
cino County in California {(Good and Wake
1992). Papulations also occur in the Cascade
Range in Oregon (Good and Wake 1992, Miller
et al. 2006). A previously reported disjunct
population in the McCloud River, Siskiyou
County, appears to be based on incorrectly
identified museumn specimens of the southern
long-toed salamander {Ambystoma macrodacty-
lum sigillztum) in the California State Univer-
sity, Chico collection.

Suifable microhabitat is patchily distributed
in California, and R. variegntus is only found in
suitable sites about half of the time. Random
stratified sampling of 117 sites throughout the
geographic range in California found that 45%
of sites contained suitable microhabitat, but
anly 62% of those sites were occupied (Welsh
and Lind 19g2}. Sampling of 38 different gikes
in the same region selected for the US Forest
Service "Old-gtowth Wildlife Project” found
suitable micrehabitat in 79% of sites, with B,
variegatus present in 47% of suitable sites
{Welsh and Lind 1992). Systematic stratified
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sampling of §3 mixed conifer-hardwood stands
on public lands in northern California found K.
variegatus at 62% of sites (Welsh and Lind
1990).

Sotne of the variation in distributien can be
explained by forest age and timber harvest his-
tories, with R. variegalus more often found in
older, unharvested stands. Welsh {iggo) sur-
veyed spring and seep habitats in 34 forest
stands in the Coast Ranges in California and
southern Oregon ranging from jo to 560 years
old and at elevations of 150-1500 m. Rhyacotri-
ton varlegatus wag found in 70% of old-pgrowth
stands, 50% of mature stands, and 11% of
young stands. Recenl surveys of the Mattole
Watershed in northern California {Humboldt
and Mendocino Counties) found R. variegotus
mostly in late-seral headwater tributaries, habi-
tats that are now rare in the watershed (Welsh
et al. 2005, Welsh and Hodgson 2011). How-
ever, occupancy rates were higher in young for-
ests along the coast where temperatures are
mediated by the maritime climate: R. veriega-
tus was {ound in 48% of 30 m sampling reaches
and 80% of entire stream reaches in stands less
than 8 years old {Diller and Wallace 19g6G).

Exact figures are difficult to come by, but
nost of the historical coastal old-growth habitat
in California is now gone (85-96.5% gone; ref-
erences in USFWS i9g7}. 1n addition to habitat
modification, several investigators have hypoth-
esized thal Dicamptodon predation may restrict
Rhyacatriton distribution o small headwater
streamns (e.g.. Stebbins 1955, Nussbaum 1969,
Welsh and Lind 199G, Welsh and Ollivier
1998). However, Rundio and Olson (zo01)
found that R. variegatus larvae were unpalatable
to D. temebrosus larvae, surviving 9o% of
encounters in experimental trials.

Trends in Abundance

Estimates of abundance are not available for
time periods before timber harvesting hecame
a prominent factor in landscape management,
but the highest documented abundances over
the last several decades have been in late-seral
sites, supporiing the idea that abundances are
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reduced in response to disturbances such as
timber harvest and road building. Rhwicotriton
variegatus can be locally abundant, with densi-
ties of up to 22 salamanders/m* recorded in
suitable streamside habitat at an old-growth site
in Six Rivers National Forest, Hurmboldt County
{Welsh and Lind 1gg2). However, most sites in
that study yielded 1-5 captures/io m* (Welsh
and Lind 1g9z2). By sarnpling across the range
of R. variegatus in Calitornia and across stands
of different ages, Welsh and Lind {1996) dacu-
mented a much lower mean density of 0.68
salamanders/m?!. In young stands in coastal
northern California {(<8o years old}, Diller and
Wallace {1996) found Lhat densities were 0.18-
5.5 salamanders/m?. Welsh et al. {2000} reana-
lyzed Welsh and Olivier's (1998) data from
sites in Prairie Creek Redwoods State Park in
Humbeldt County for comparisen to encounter
rate data reported by Wroble and Waters (1989)
from timber company lands in the same county.
Rhyacotriton variegatus was found at the rate of
o.72 salamanders/hour on parkland compared
to ©.05 salamanders/hour on harvesicd lands
{(Welsh et al. 2cc0). In Oregon, densities aver-
aged 0.29 salamanders/m* on forested lands
versus o.04 salamandersfm? pn logged habitat
{Corn and Bury 1989).

Mature and Degree of Threot

Major threats to this specics include timber
harvesting, road building, rural development,
marijuana cultivation, and climate change.
Rhyacotriton variegatus 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 load {Welsh et al. 2000, Welsh
and Hodgson 2008). Several researchers have
argued that declines and extirpations will con-
tinue due to timber harvesting and related land
management practices {e.g., Welsh et al. 2000,
Ashton et al. 20006, Olson et al. 2007, Welsh
and Hodgson z008). While R. variegatus can
persist in some harvested areas, particularly in
coastal forests where the effects of lopping may
be ameliorated by the milder climate {e.g.,



Welsh 990, Dilier and Wallace 1996; §. Barry.
unpublished dataj, 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 strearns. In some
cases, R. variegalus has been observed to occur
above but not belew such diversions (M. van
Hattem, pers. coeim.). This threat is likely to
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 development.
Marijuana cultivation also presents a water
diversion threat to this species, as well as poten-
tial nepative irnpacts due to grading, readbuild-
ing, and the application of herbicides and pesti-
cides {e.gr., Thompson et al. za14).

Rhyacotritor variegatus has slow develop-
mental times and low vagility, leading to polen-
tially high susceptibility to rapidly changing
environmental conditions. Expecled climate
changes within its range over the next Ioo
years include increased ternperatures, changes
in hydrology, 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 PRBO
2011}, The frequency of extremely hot days is
projected to increase, with roughly g additional
days over 32.2°C (Bell et al. z004)}. Such tem-
peratures exceed the critical thermal maxima
for adults and larvae of R, variegatus, although
water temperatures, microhabitat structure,
and behavioral thermoregulation may amelic-
tate these effects. For coastal populations,
upwelling 1= expected to intensify, which may
increase fog development and contrihute to
cooler, moister conditions (Snyder et al. 2003,
Lebassi et al. 2009). Coastal populations may
therefore continue to provide more favorable
climatic conditions than areas farther inland.
Potential changes in precipitation arz less clear,
with some models predicting modest increases,

others modest decreases, and others reductions
in rainfail of up to 28% (reviewed in PRBO
2011}, Warmer termperatures will zesult in less
precipitation stored as snow, and reductions of
30-80% are predicted for snowpack accurnula-
tion in northwestern Califernia (Snyder et al.
2004, Cayan et al. z008b}. The timing of
spring snowmelit has ghifted later in the spring
in this region over the last 5o years (Stewart et
al. 2005}, though the timing of future shifls is
unknown, Reductions in water availability due
to reduced snowpack and possibly reduced pre-
cipitation will affect the timing and magnitude
of stream fAows. This may negatively affect
habitat quality and availability for all life stages
of this highly aquatic salamander. How fire
regime will be affected by climate change in
notthwestern 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
ct al. zoo8)}, whilc increases in area burned
have been predicted for the southern coast of
northwestern California (Lenihan et al. 2008).
Westerling et al. {2011) projected a 100%
increase in area burned in northwestern Cali-
fornia under some scenarios. How fire affects
R, variegatus needs further study, although
direct tnortality and habitat degradation due to
fire have been documented in other stream-
breeding amphibians (e.g.. Gamradt and Kats
1997, Pilliod et al. 2003). Vegetation communi-
ties are expecled to shift from moist canifer to
drier mixed evergreen forest, with reductions
in Douglas fir and redwood forest in particular
{Lenihan et al. 2008, PRBO zo11). It is unclear
what effect these shilts may have on R. veriega-
tus because stream conditions and forest age
seem to be more important indicators of habitat
quality than forest type,

Status Determination

Rhyircotriton variegatus is a Priority 1 Species of
Special Concern due to its high degree of habi-
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-zeral forests that are
now rare and often ecologically compromised
by timber harvesting {Goad and Wake 1992,
Welsh and Lind 1996}

Meanagement Recommmendations

Rhyacotrilon variegatus populations would ben-
efit from forest management activities that
miiniain 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 intact in
harvested areas. Suitable microhabitats should
be surveyed for R. variepatus 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). Monitoring activities themselves can
datnage sensitive microhabitats (L. Dillct, pers.
comm.), and personne] should be well trained
in techniques to minimize such negative
effects. Occupied micohabitats in particular
should be protected from direct impacts of
heavy equipment. In areas where timber har-
vest occurs, vepetation should be left intact
around R. veriegatus habitat, particularly to
maintain canopy cover, though the width and
configuration of such bulfers is an important
research need detailed below, In the absence of
more detailed research, Olson et al. (2007) rec-
ommend using relatively wide buffers on the
order of 40-150 m lo maintain cbligate ripat-
ian species. In addition to buffers along
streams, habitat should be left intact around
seeps (“leave islands”; reviewed in Olson et al.
2007). Marijuana cultivation appears to pose 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 environmental impact of such activities
be considered. Little is known about use
of upland habitats, but protection of large
channel networks and associated sceps and
springs to maintain aguatic and upland con-
nectivity would likely help maintain popula-
tions of R. variegatus (Welsh and Lind 1992,
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Vesely and McComb 2002, Olsen et al, 2007,
Welsh zo11).

Monitoning, Research, and Survey Neeads

Several studies have been conducted to deter-
mine the presencefabsence of Rhymcotriton
variegatus across the landscape, and such sur-
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 development iime of this species,
such long-term studies might provide insights
that shorter, single-season analyses would
miss. When possible, population estimates in
manaped forests should be compared ta 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 movement
ecology and dispersal beyond localized move-
ments would aid in designing management
strategies to promole habilat connectivity. The
extent to which upland versus aquatic habitats
are used for dispersal is unknown and is cru-
cial for determining whether buffers should be
focused around continuous waterways, upland
linkages betweeu waterways, or both {Welsh
and Lind 1902, Olson ct al. 2007, Welsh zor1).

Experiments that est the efficacy of buffer
strips for maintaining favorable habitat condi-
tions in harvested areas would also be valuable.
Buffer strips frem 6 to over go m wide have
been ptuposed for maintaining riparian fauna
under a range of management scenarios
{reviewed in Olson et al. 2007}, Stoddard and
Hayes {a005) recommended buffer strips
»46 m wide for Rhyacotriton. Similarly, ripar-
ian buffer strips 40 m wide around first
through third-order streams in Oregon sup-
ported similar salamander abundance (includ-
ing R vgriegatus) as unharvested stands {Ves-
ely and McComb 2002). Welsh and Hodgson
(2008) recominend stream lemperatures <15°C
to maintain populations. The relationship
batween the size and aspect of a subbasin, the
amoumnt of the surrounding area harvested, the



zesulting maximum stream temperature, and
how much buffer would be required o amelio-
rate any critical biological temperature thresh-
olds are important research needs (Welsh et al.
200%). Ternperature is not 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. 2007).

Because R. variegatus is patchily distributed,
monitoring studies should hrst identify areas
with suitable habitat. In surveys for R. variega-
tus in Douglas hrfhardwood furests in the
Klamath region, Welsh and Lind {1992, 1996}
defined minimum essential microhalntat for R
variegatus as an area of at least 10 m? of flowing
water (e.g., a patch of spring seep or first- or
second-order streams) at least 75 m away from a

forzst edge. Within these sites, aquatic searches
seemed most effective at detecting R. variega-
tus, as they are rarely encountered using tech-
niques such as terrestrial pitfall trapping {e.g.,
Welsh 1990}, Sampling should be done in the
spring when R. varicgatus are most abundant
{Welsh and Lind 1992, Ashtan et al. 2000, Tait
and Diller 2006}.

Landscape penetic studies that quantify levels
of cornectivily within and across stream systems
would help to better delimit local management
units as well as important dispersal corridors for
this species. Studies similar te recent analyses on
anocther weslern stream salamander, the Idaho
giant salamander {Dicamptodon aterrimus) {Mul-
len el al. zo1c), would be particularly instructive
as a way to examine the relationship between
streamn connectivity and salamander genc 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 morpholegi-
ca) and caler characteristics. In addition to dis-
tinctive red ventral coloratian, T. rivularis has
dark brown eyes, compared to the yellow or sil-
very irises in the other species (Twitty 1935).

Taxonomic Relationships

Taricha rividaris was described on the basis of
the clear morphological diflerences existing
between it and other Califarnia Toricha {Twitty
1935), and its species status has never been
questioned. Gene Aow among populations was
previously thought to be very low because ani-
mals return to the same stream arcas for breed-
ing and show very strong homing behaviar
(Hedgecock and Ayala 1974, Hedgecock 1978;
see the “Life Histary” section). Kuchta and Tan
{z0063) found low levels of allozyme and mito-
chondrial DNA divergence among four popula-
tions in the north and south of the range, which
may suggest that gene flow is higher than pre-
viously thought, Although T. rividaris shows a
high degree of philopatry, long-distance move-
ments are well documented, and this may
explzain the obgerved low levels of divergence
{Kuchta and Tan 20006a).

Life Histary

Breeding onincides with the receding of streams
after heavy winter rains {Twilty 1942). Adulis
are terrestrial, and the aquatic breeding phase
lasts from February to May, with mast breeding
occurring between March and eatly April
(Twitty 1955, Packer 1960, Twitty 1966, Steb-
bins 198s5). Males typically breed annually,
whereas most females breed every 2-3 years
{Twitty 1951, Twitty et al. 1g64). Adults 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. 1gfya). Adulis tend to use a small reach of
streamn during the breeding season, although
movements of a couple hundred meters within
a season have been observed (Packer 1962).
Adults are also capable of moving several kilom-
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eters across years and have excellent homing
abilities {Twitty 1959, Packer 1902, Twitty et al.
1964, Twitty et al. 1967a). After breeding,
adults leave streams but usually remain in the
same drainage {Twitty et al. 1967h). Fallminfall
triggers movement, but heavy rainfall can
inhibit overland movement { Packer 19Go, Grant
ct al. 1968}, and sustained rainfall, increased
stream velume, or increased sediment load can
stimulate animals to kemporarily leave breeding
strearns (Packer 19Go). Little is known about
terrestrial habitat use by metamorphs. Under-
ground retreats are used from May to October,
and adults forage an the surface before and as
they migrate lo streams {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 1935, Twitty 1942). The
average size of an egp mass is 1o epgs {range
6-16) {Twitly 1935, Riemer 1958, Twitly 1964},
and as many as 70 egg masses have been
observed attached to a single stone {Twitty 1933,
Twitly 1942). The incubation period in the lab
is 16—3 4 days, with faster development times ai
warmer temperatures {Licht and Brown 1967).
Larvae hatch at a minimum of 10 mm TL {Rie-
mer 1958, Twitty 19064} in mid to late April and
metamarphose in late August {Lichtand Brown
1967) at 45 -55 mm TL {Stebbins 195c). There is
na evidence that larvae averwinter in streams
{Riemer 1958, Twitty 1964). [t is unknown how
far or to what habitats metamorphs travel, but
they go inte hiding shortly after metamerpha-
sis {Twitty 1965, Twitty 1961, Twitty 1966,
Twitty et al. :9G7b). Juveniles are not captured
in terrestrial habitais when adulis are abun-
dant, sugpgesting that they remain under-
ground, or at least in a distinct, unknown
microhabitat, for several years (Twitty et al.
10067a). It takes approximately 5 years to reach
sexual maturity [Licht and Brown 1907).
Hedgecock {1978} estimated life spans on the
order of 20—-30 years based on Twitty's (1966}
data, and annual survivorship of adults is prob-
ably >g0% in mast years {Twitty 1901}. At one
site in Sonoma County, 40% 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 diel of larvae
and adults. In one study, adult stomach con-
tents contained exclusively terrestrial organ-
isms (mostly insects), and adults apparently do
not feed while in the water during the breeding
season {Packer 1961, Licht and Brown 1967].

Hebitat Requirernents

Taricha rivularis is found in redwood forests
along the coast, although other forest types such
as Douglas fir, 1an cak, and madrone are also
used (Marks and Doyle 2605). Aquatic breeding
habitats are moderate to fast-lowing mountain
streams with rocky bottoms {Twitty 1535, Steb-
bins 1951). In the Mattole Watershed (nosthern
Mendocine and southern Humboldt Counties),
T. rivuluris was reported to use both steep head-
water and 2—4% gradient step-pool reaches, but
was most abundant in lower-gradient plane-bed
channels (Welsh and Hodgson zon). Other fea-
tures of occupied stream habilats were water
termnpetatures ranging between 15°C and 26°C, a
mix af coarse streambed substratez, and inter-
mediate levels of canopy closure (Welsh and
Haodgson 2or1). Unlike other members of the
genus, T, rivularis rarely breed in ponds or other
standing water habitats {Riemer 1958, Stebbins
1985} and seern to avoid streams used by T. torosa
(Twitty 1942, Twitty 1955). Taricha rivularis will
breed in the same streams as T. greaufosa but
tend ta use faster-flowing reaches (Twitty 1g.42).

Distribution {Past and Present)

Tariche rivuleris is endemic to California and
has the smallest geagraphic distribution among
its conpgeners {Stebbins 2093). The species
occurs in coastal northern California in Son-
oma, Lake, Mendacino, and southern Hum-
boldt Counties, at elevations from 150 to 450 m.
{Stebbins 2003, Marks and Doyle 2005). An
isolated population is known from the Stevens
Creek watershed in Santa Clara County,
although it is unclear if this is ar 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 Mendocino Counties, although systematic
surveys are not available {H. Welsh, pers.
comm.}. Some populations have been lost due
1o damming of creeks and rivers {e.g., Skaggs
Spring, which was inundaied during the for-
mation of Lake Sonoma). Data from the Mat-
tole Watershed in the mid-1ggas documented
T. rivularis presence in 35% of sampled streamns
(Welsh et al. 2005), with T. rivularis restricted
to the lorested southern portions of the water-
shed {(Welsh and Hodgson z2or1).

Trends in Abundonce

Few abundance data are available for this spe-
cies. Hedgecock (1978) used Twitty's {196,
1566) census data 1o estimate that ~6o0,000
breeding adults occurred along a ~25 km
stretch of creek in Sonoma County. In the Mat-
tole Watershed, 300 m stretches of randomly
selected stream reaches (0 = 83 stream reaches)
viclded 24 metamorphs and 104 aquatic larvae
{Welsh and Hodgsan 2e11).

Nature and Degree of Threat

The paucity of distribution and abundance data
makes it difficult to determine the status of
most Tarichs rivularis populations. However,
the species has a small range in an atea that
has experienced high levels of habitat conver-
sion ta vineyards and subdivisions, rendering
thern vulnerable to habitat loss and fragmenta-
tion {(Marks and Doyle 2c05). Taricha rivularis
may also be experiencing increasing mortality
from vehicular traffic (Marks and Doyle 2005,
especially during breeding migrations.
Climate change poses potential risks to T.
rivlris 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 PRBO zorr};
however, maximum temperature tolerances of
T. rividarisare unknown. Tericha rivularis popu-
lations on the coast may be less affected by temn-
perature increases because upwelling is
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expected to intensify, potentially leading to
increased fog development and coolet, moister
conditions (Snyder €t al. 2003, Lebassi et al.
20009). Potential changes in precipitation are
less clear, with some muodels predicting little
chanpe and others reductions in rainfall of up to
2B% (reviewed in PRBO 2011). If conditions
become warmez and drier, cspecially in inland
sites, this may restrict terrestrial habitat use and
overland dispersal. Changes in precipitation
may allect stream hydrology, although how T.
rivularis will respond to such changes is
unknown. How fire regime will be aflected by
climate change in northwestern California is
not well understoed. Some models predict little
change in fire regime or even decrcases in area
burned along the northern coast {Fried et al.
2004, Lenihan et al. zo008). Increascs in area
burned have been predicled for the southern
coast of northwestern California and inland
areas (Lenihan et al. 2008). Westerling et al.
(2011} projected a 100% increase in area burned
in northwestern California under sorne scenar-
ios. How fire impacts T. rivularis necds more
study. although direct mortality and habitat deg-
radation due to Bre has been documented in
other stream-breeding amphibiansg in similar
habitats (e.g., Gamradt and Kats 1997, Pilliod et
al. 2003}, Vegetation comrnunities are expected
to shift from moist conifer to drier mixed ever-
preen forest, with reductions in Douglas fir and
redwood forest in particular {Lenihan et al.
2008, PRBQ 2011}, Taricha rivelaris may not be
severely negatively affected by such shifts, as
they use multiple forest types.

Status Determination

Taricha rivularis hag a small range in an area
that has experienced increased levels of habitat
loss and fragmentation in recent decades,
resulting in a Priority 2 Species of Special Con-
cern status for this endemic salamander.

Managemeni Recommendations

Given the limited emlogical information en this
species outside of a handful of sites, it is difficult
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to make management recomnmendations other
than protecting ktiown breeding habitats. Distur
bances such as timber harvest, roadbuilding and
use, housing development, agricultural develop-
ment, arid water diversions should be minimized
ot eliminated in Taricha rivularis habitat. Occu-
pied habitat should be prolected, with a focus on
protecting the entire stream network (Glson elal.
2007, Welsh 2011). Retaining streamside buffers
on managed lands can help mitigate the effects
of logging and roadbuilding, but more research is
needed 1o determine buffer prescriptions, par-
ticularly how ta protect strearm network processes
{Olson et al. 2007). The ecological effects of
buffer protections may vary across hahilat types,
and narrower bulfers may be elfective in more
mesic coaslal habitat compared to more xeric
inland sites. One model recommends riparian
management zones 40-150 m wide and paich
reserves along headwater streams to accomimo-
date upland habitat use and prormole connectivity
among drainages {Clson et al. 2007), Given the
long-range mavernents 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 aiso take the strong evidence for adult
homing behavior into account, as animals are
likely to try and return lo their origitial streams.
Construction of new roads should be minimized
or avoided in areas where protecting T. rividaris is
a high conservation priority. To reduce the sedi-
mentation impacts of runoff fromn roads, forest
roads should be disconnected from stream sys-
tems (e.g., through the uge 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
roads, not just those used for timber harvest. In
areas that are known to suffer high road mortal-
ity, migration barriers and under-road tunnels
may reduce vehicular death (e.g.. see review in
Schmidt and Zumbach 2008), although research
is needed into the design and efficacy of such
interventions,



Manitoring, Research, and Survey Needs

Surveys to deteremine the current distribution
of nccupied breeding habitats are a first step to
documenting potential extirpations. Resurveys
of Twitty's field sites along Pepperwood Creek,
a 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 1061, Twitty 1966},
However, locating the original siteg hag proven
difficult, and they imay occur on private lands
that are largely inaccessible {S. Kuchta, pers.
comm.}. Basic ecological research inlo habitat
preferences {both terrestrial and aquatic} are
needed as well as demographic data on all life
stages {Petranka 1998, Marks and Doyle 2005).
Additional research is needed an dispersal,

using both field and genetic techniques. Experi-
menis that moved individuals to different
streams found that animals traveled averland to
return I their native streams, maving as much
as 8 km through terrestrial habitat (Twitty 1959,
Twitty et al. 1966). If such terrestrial move-
ments are typical of naturally dispersing ani-
mals, then large paiches of terrestrial habitat
will be needed tn maintain connectivity among
populations. Fipally, although it is assumed
that introduced trout and bullfrops are not a
threat o Teriche due to their toxic skin secre-
fions, this should be examined for eggs, larvae,
and breeding adults. In other California newis,
recent experimental research has shown that
larval T. torosa are highly susceptible to preda-
tion by Ambystoma (Ryan et al. 200g]), and tet
rodotoxins have not been isolated from larvae or
eggs of T. gramdosa (Fuhrman 1967).
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variable, and in some individuals differentiat-
ing the species can be difficult, Taricha iorosa
resembles T. granulosa but can be distinguished
based on the extensive light ventral coloration
that reaches the undetside of the eyes, eyes that
extend beyond the margin of the head when
viewed [rom above, and palatal teeth in the roof
of the mouth forming a Y shape (Stebbins
z003). In T. granulosa, the dark dorsal colora-
tion extends beneath the eyes, the eyes are more
tlogely inset and do not extend to the margin of
the head when viewed from above, and the teeth
in the roof of the mouth are in a V-shaped con-
figuration {Stebbins 2003). Taricha rivuleris has
dark eyes (T. torose has yellow in the eves}, a
tomato red verfer, and dark coloration under
the limbs and over the cloaca (Stebbins 2003).
Taricha sierrae lends lo be darker brown dor-
sally than T, torosa and has a burnt or reddish
ventral coloration {Stebbins 2003). Taricha sier-
rae also has more of the ligbter ventral colora-
tion on its sniout and upper eyelids than T. toresa
{Twitty 1942, Riemer 1958), and these differ-
ences in color patternare intermediake in hybrid
populations {Kuchta 2007},

Taxonomic Relationships

Previously, two allopairic subspecies were recog-
nized: Taricha torosa sierrae in the Sierra Nevada
and T t. forosa in the Coast Range {Riemer
1958). Phylogeographic work has shown that
populations in the southern Sierraare T. L. lorpsa
{Tan and Wake 1995}, and further molecular
wark has supported elevation to species status
for both subspecies {Kuchta and Tan zo000b,
Kuchta 2007). There is a contact zone between
the two species around the Kaweah River in
Tulare County. Kuchta and Tan (zo006b} con-
cluded that while newts from San Diego County
do not show leng-terrn evolutionary independ-
ence, they still constitute a conservation unit due
to genetic differentiation, demographic inde-
pendence, and peagraphic isolation.

Life History
Terrestrial adults migrate to aquatic hreeding
habitats such as ponds, streams, and reservoirs
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from December 1o early May. and timing varies
by locality, weather, and habitat conditions
{Storer 1925, Twitty 1942, Riemer 1958, Gam-
radt and Kats 1997). Southern populations
migrate in March and April (Starer 1925, Brame
1968, Kats etal. 1992) and tend to breed in quiet
stream poals (Gamradt and Kats 1996, Gamradt
and Kats 1gg7). No other stream-breeding sala-
manders occur in the southern part of the range
of Taricha torosa. Eggs are attached under rocks
or to vegetation, with egg masses ranging in
size from 7 1o 47 eggs [Ritter 1Bg7, Storer 1923,
Twitty 1942, Brarne 1956, Brame 19568, dosher
etal. 1964}, Females may lay 3-6 egg masses at
a lime, bul it is unknown if they breed every
year or skip years like T. rivedaris (Ritter 1897,
Twitty 1961, Twitty et al. 1964, Brame 1968).
Adulis typically leave breeding habitats in early
to midsummer (Kats et al. 1994).

Egzs hatch after 4-6 weeks {Kats et al.
1994}, and larvae develop for several months,
typically metamorphosing in summer or fall
{Kuchta 200c5). Overwintering has beeti docu-
mented in larvae from Los Anpeles (Storer
1925] and Riverside {Carroll et al. zo05) Coun-
ties, but given a lack ol other reports, this
behaviar is likely uncommon (Kuchta acos).
Average size at metamotphosis for a Berkeley,
Alameda County, population was 47 mm TL,
although this probably vaties widely depending
on local conditions (Ritter 1897). Larvae from a
vernal pool in Sonoma County metainorphosed
in late July and early August at an average size
of 43.8 mm TL {Kuchta 2005). Metamorphosis
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 Taricke, although relatively
fewer data are available from T. torosa. Watters
and Kats {z006) PIT-tagged 36 breeding adults
in the Santa Monica Mountains in Los Angeles
County in the early 19903, and recaptured anj-
mals for several years. Thirty-nine percent of
animalsg originally tagged were recaptured in
subsequent years, some as long as 11 years later,



yielding minimum age estimates of 12-14
years. Animals were recaptured on averape
15.5 m from the original capture locality. Ter-
restrial habitat use is poorly studied in juveniles
and adults, although overland movements can
be substantial. Trenham (1998) recaptured
juveniles up to 3.5 km from their natal ponds.
Omce adults leave breeding sites, they use mesic
microhabitats for aestivation during the dry
summer {Stebbins 1951, Trenham 1998).

Larvae presumably eat smatl invertebrates,
detritus, and possibly cannibalize conspecifics
(Ritter 1897, Kuchta 2005). Aquatic adults will
cannibalize eggs and larvae (Ritter 18g7, Kats
et al. 1902, Hanson et al. 1994). Terrestrial
adults are generalist predators consuming a
variety of invertebrate prey and the occasional
small vertebrate (Ritter 1897, Hanson et al.
1994, Kerby and Kats 1998).

Habitat Requirements

Morthern populations occur in mesic forests in
hilly or mountainous terrain, while southern
populations occur in drier hahitats such as oak,
chaparral, and geassland {Riemer 1958}. South-
ern populations tend to use permanent sireams
for breeding, though recruitment may be higher
in seasonal reaches that are free of nonnative
predatory fish (E. Ervin, pers. comm.}. Taricha
torosa in southern California are also limited by
the availability of rocky canyons with clear, cold
water (S. Barry, pers. comm.; R. Fisher, pers.
comm.). In the Santa Menica Mountzins in Los
Angeles County, T. iorosa using a perennial
strearn laid 89% of their egg masses in pools
and ¢.5% in runs (Gamradt and Kats 1gg7). Rif-
fHes were rarely used for oviposition (Gamradt
and Kats 19g7).

Distribution (Past and Present)

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

Monterey County and farther south, excluding
the southern Sierra Nevada isolate. Qur map
only shows these populations, though we note
that it includes museum specimens fraom the
San Bernardino Mountaing that have been
questioned (E. Ervin, pers. comm.). Taricha
torosa is restricted Lo the Santa Ynez Mountains
in Santa Barbara County (5. Sweet, pers.
comin.). The southernmost populations of T.
torosa are highly frapmented and occur in the
Santa Monica, San Gabriel, and Santa Ana
Moupntains (Stebbins 2003), Within San Diego
County, populations farthest south are geo-
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 reported to persist in small
isolated pockets of 15-20 breeding adults in the
Boulder, Ceder, and Conejos Creek systems
(E. Ervin, pets. comm. in Kuchta 2003). Sur-
veys in the 199os of the foothills and moun-
tains around the Central Valley found Taricha
species (T. torosa and T. granulosa) absent from
mote than halfof historically occupied counties
(Fisher and Shaffer 1996). Jennings and Hayes
({1994a) 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. torosa present in 43% (15/35) of
streains {Riley et al. 2005). Taricka torosa
tended to be absent from urban streams, and
Riley et al. (2005} hypothesized that this was
due to effects on habitat quality from artificial
flow regimes, increased presence of introduced
species, and possibly also collection pressure.

Trends in Abundance

Historically, Taricha torosa was noted as com-
mon along the Pacihc slope {Klauber 1928,
Bogert 1930, Klauber 1930, Dixon 1967,
Brattstrom 1988, and it may have been one of
the most abundant amnphibians in California
{Jennings 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 19gos
but have not been systermnatically resampled
meore 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 1904a). Population size estimates are
nol 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 2005), with populations in San
Diego County potentially on the brink of extir-
patton {8. Kuchta, pers. comm.}.

Nature and Degree of Threas

Maijor threats to Taricha torose include habitat
loss and degradation, wild fize, introduced spe-
cies, and vehicular traffic (Jennings and Hayes
1994a). Scdimentation has caused a large
amount of habitat degradation, especially in
Los Angeles, Orange, Riverside, and San Diego
Counties {Jennings and Hayes 1994a), and T.
torosa is absent from previously occupied
streamns in heavily urbanized watersheds (Riley
ct al. zo0s). Wildfire also contributes to habitat
degradation. Surveys before and afier 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 1957}, As a result,
egg mass density was reduced by two-thirds
compared to prefire levels (Gamnradt and Kats
1997}. Terrestrial adults were cbserved to pro-
duce foamy skin secretions while walking
through a prescribed burn area of chamise
habitat in Monterey County {Stromberg 1957).

Nepative effects of intreduced predators on
T. torosa have been documented. In the Santa
Mcenica Meountains in Los Angeles County,
introduced crayfish (Procambarus clerkii) and
mosquitofish {Gambusia affinis) are predators
on T. larosa and may be contributing to declines
(Gamradt and Kats 1996). Stream surveys did
not detect either invasive species in the 198as.
Resurveys in the 19gos of previously used
breeding habitats found no evidence of breed-
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ing in streamns with crayfish and mosquitofish
present. In one case, T. tarosg recolonized a
reach follewing floeds that removed crayfish,
supporting the hypothesis that crayfish exclude
newts from breeding habitat. In Reld and lab
trials, survivorship of egps and larvae was less
than 30% in the presence of crayfish. Mos-
quitofish did not affect egg survivorship but did
predale heavily on larvae. Only 46% of larvae
survived in the presence of mosquitofish (Gam-
radt and Kats 1996). Crayfish also aggressively
attack and chase adult T torosa out of the water
(Gamradt et at. 1997). Mative California tiger
salamanders (Ambpsloma californiense) will
prey on T. torosa larvae where the two co-occur
arcund the Central Valley. However, recruil-
ment is even lower in the presence of hybrids
between native A. californiense and intreduced
barred tiger salamanders {Ambystama tigrinum
mavortium) (Ryan el al. zoog).

Bd has been documented in 7% {6/90) of
T. torosa sampled from Santa Clara County
{Padpett-Flohr and Longcore 2007}, but the
1ole of Bd in T. torasa declines is unknown. The
role of UV radiation in declines is also
unknown. Anzalone et al. (1998) reared eggs in
field enclosures in the Santa Monica Moun-
tains and found that eggs exposed to UV radia-
tion had 40% survivorship compared to 0%
survivorship of eggs when UV was shielded
out, However, given that eggs are often attached
under rocks and to vegetation, UV is unlikely to
e responsible for large-scale declines in the
field (Palen and Schindler zo1c}.

Under climate ¢hange, mean annual tem-
peratures are projected to increase thraughout
the southern range of T. torosa, with warmer
winters and summers and earlier spring warm-
ing expected (reviewed in PRBO 2c11), There is
less certainty about future precipitation pat-
terns, with estimates ranging from little change
1o roughly 30% decreases in rainfall (Snyder
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
lo 9o% are predicted in southern California



{Snyder et al. z004), which will likely regult in
altered flow regimes. How T. torosa may
respend to these changes is unknown. The
probability and extent of large {200 ha} fires is
expected to increase in the northern part of the
special concern range (Fried et al. zoo4, West-
erling and Bryant 2008). Increases and
decreases in fire probability and extent have
been predicted for southern California. There
is little consensus on 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 2008}.
[ncreases in fire are likely to negatively impact
T. torosa, largely through habitat degradation
but possibly also through direct mortality. Pre-
dicted vegetation shifts due to climate change
include decreases in chaparral, shrubland, and
woodland, and increases in prassland area
{Lenihan et al. 2008, PRBO 2011). Taricha
torosa uses all of these habitat 1ypes, and the
ellects of shifts in their relative abundance and
distribution are unknown.

Status Determingtion

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

Management Recommendations

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

should be a high priority for protection. Upland
tervestrial habitat also needs 1o be protected,
though the extent and confipuration of upland
habitat required to maintain population con-
nectivity needs more study. Measures to pre-
vent invasion or remove existing nonnafive
predators ate high-priority activities to stabilize
pepulations of this newt. Road mortality is a
clear issue in some areas, particularly south of
the Santa Monica Mountains. Road signage has
been uged o try to reduce road mortality in
Monierey County, although its effectiveness is
not known. Migration barriers and under-road
tunnels may reduce vehicular death in key
areas, though research is needed into the
design and efficacy of such interventions
(Schmidt and Zumbach ac08).

Monitoring, Research, and Survey Needs

Research into terrestrial habitat use and move-
ment is critical for understanding habitat
requirements and potential corridors of move-
ment among populations, and these should be
underlaken for both strearn- and pond-breeding
sites, Monitoring of siles where invasive species
have been removed should be conducted to
determine the long-term efficacy of removals
and the recovery time and stability of popula-
tionis follewing removal. Genetic analyses at the
landscape level could be very informative with
respect to both metapopulation dynamics and
habilat corridor use and should be conducted in
both relatively intact (e.g., Santa Monica Moun-
tains) and more frapmented landscapes.
Research is also needed into potential manage-
ment strategies for dealing with wildfire and ero-
sion control in order to protect breeding habitat,
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in California because it is our only legless lizard.
Though A. pulchra hears a superficial resem-
blance to some snake specics, the presence of
moveable eyelids eflectively distinguishes it.

Taxanamic Relationships

Here we treat all California animals as a single
species, Anniella pulchra. There is substantial
evidence for popuiation siructure within this
species in California from karyotype, allozyme,
mitochondrial DNA, nuclear DNA, and mor-
phological studies (e.g., Bezy and Wright 1971,
Bezy et al. 1977, Rainey 1985, Pearse and Pog-
son 2000, Parham and Papenfuss zoog, Pap-
enfuss and Parham zor3). A recent genetic
study by Parham and Papenfuss (2009} identi-
fhied five major lineages within California and
documented more exlensive genetic diversity
within the species than previously reported.
Papenfuss and Parham {2013} subsequenily
proposed that these clades be elevated to spe-
cies status based on penetic information and
some additional data on morphology. This revi-
sion accurred as we were finishing onr 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 eggs
have been observed between July and Ociober,
and 1—4 young are born after a 4-ruonth gesta-
tion period (Miller 1944, Goldberg and Miller
1985}. Juveniles prow rapidly {2.5-4.4 mm
5VLfmonth) and reach sexual maturity afler
about 2 years at ~g cm SVL for males and after
about 3 years at —12 cm SVL for fernales {Miller
1044, Goldberg and Miller 1985). Life span in
the feld is unknown, but captive animals have
survived for almost & years (L. Hunt, pers.
comin., in Jennings and Hayes 1994a}.
Anrniella pulchia is rarely seen active on the
surface, but they do use the soilflitter interface
for feeding and mating (Miller 1944). Daily
activity patterns peak in the morning and
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evening, though animals have been ohserved
active at night (Miller 1944, Stebbins 1954,
Gorman 1957, Bury and Balgouoyen 1976,
Kuhnz 2000} Coeastal and southern popula-
tions are likely active year-round, while inland
populations (e.g., Sierra Nevada foothills) may
enter a period of dormancy during cold months
{Banta and Moralka 1968, Zeiner et al. 1988).

Little is known about movement ecology.
These fossorial lizards have been found at soil
depths from a few to 5o cm below the surface
(Miller 1944, Hunt 1984, Kuhnz 2000). Ani-
mals have been observed burrowing to a depth
of 46 cm in the laboratory (Kuhnz 2000]. In
one shori-termn 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
ranpe size of 71 m* (Kuhnz 2000).

Annielle pulchra prefers Jower temperatares
than most other California lizards {~21-28°C
in lab trials, Bury and Balgooyen 1976; criticat
thermal maximum 34°C, Brattstrom 1963},
which is consistent with a non-basking fosso-
rial lifestyle. Surface activity by this specics is
likely limited by bolh ambient and substrate
temperature {Miller t944).

Little is known about the feeding ecology of
this species. Anniella prichra is a generalist sit-
and-wait insectivore (Coe and Kunkel 1904,
Miller 194 4) that eats larval insects {e.g., micro-
lepidopterans and beetles), adult beetles, ter-
mites, and spiders (L. Hunt, pers. comm. in
Jennings and Hayes 1994a).

Habitat Requirements

At a regional scale, Annielln pulchra occurs in
sparsely vegetated habitat types including
coastal sand dunes, chaparral, pine-oak wood-
Jand, desert scrub, open grassland, and riparian
areas (Stehbins 2003; S. Sweet, perx. cornm.).
At local scales, this lizard is a microhabitat spe-
cialist requiring sandy or loose loamy substrates
conducive to burrowing {Miller 1944, Gorman
1957, Cunningham 1959a, Banta and Morafka
1668}, Scils that are not used include gravel-
sized substrates and those with preater than



approximately 10% 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. pulchrz used non-compacted, organic
rich soil preferentially and were most abundant
in undisturbed soil types, although they were
also found in slightly cemented clay-/silt-rich
sands (Kuhnz et al. 2zo05]. Plant community
structure alse contributed to microhabitat suit
ability, with A, pulchnz more commen around
native shrubs such as silver bush lupine, meck
heather, and yellow lupine and iess common
around nonnative grasses, forbs, and iceplant
(Kuhnz et al. 20a5}. 1n the Mojave Desert, A.
pulchra can be found in leaf litler undet juniper
trees {Juniperus} (]. Parham and T. Papenfuss,
pets. oba.). Soil moisture may also be a limiting
factor for this species {Burt 1931, Miller 1544,
Bury and Balgooyen 1976). Kuhnz etal. (z2o005)
found more lizards in the tow areas between
dures 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 County 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 Califortiia
{Hunt 1983, Jennings and Hayes 1994a).
Although most commonly found within roo
km of the coast, A. pulchra ranges in elevation
from sea level to about 18006 m {Hunt 1983).
Based on the assumption that A. pulchra
cannot persist in habitat where soil has been
disturbed {e.g., plowing, bulldozing), Jennings
and Hayes (1994a} estimated that ~20% of his-
torical habitat is no longer suitable. Parham
and Papenfuss {2009) noted that several lacali-
ties they sampled around Bakersfield in the
eatly 2000 no Yonger 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 19702 were still extant in the 20003 in Fon-
tana, San Bernardino County, in rcsidential
areas that were formetly the Delhi Dunes
{S. Barry, pers. comm.). Anniella pulchrs has
also been observed in irrigated pardens in Cen-
tra Costa County where naturally sandy soils
are available {E. Ervin, pers. obs}. The long-
term viability of populations in such developed
areas 1§ arn important research question.

Trends in Abundance

Very few pupulation size estimates are available
for this cryptic species. Anniella pulchrs can be
locally abundant, with the highest documented
density of 1.67/m* accurring under a single yet-
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. [n particular, the black
form on the Monterey Peninsula nay be at
great risk given the substantial development
pressutre in the region.

Nature gnd Degree of Threat

The preatest threats to Annielle pulchra are
habitat loss and degradation, and climate
change is also a potential emerging threat.
Anthropogenic impacts that disturb soil mois-
ture levels or result in soil compaction likely
degrade habitat suitability for this specics.
While some disturbance may be tolerated,
development that covers large areas (>8 ha} can
potentially cause local extingtions of A. pulchra
(S. Sweet, pers, comm.}. Invasive plants may
also have a negative impact on habitat suitabil-
ity and abundance {Kuhnz et al. zo005). Over
the next 1oo years, mean annual temperature is
expecled to increase throughout the range of
A_ pulchra {reviewed in PRBO zoi11}. There is
greater uncertainty in how precipitation will
change, with gome rmodels predicting decreases
in precipitation of up to 37% and other models
predicting no change or only moderate declines
(Bell et al. z004, Snyder et al. zoo4. Snyder
and Sloan acos, PRBO 2011}, Warmer and
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drier conditions might limit activity to deeper
soil 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 range with concomitani decreases
in preferred open habitat types such as coastal
scrub, particularly in southern California
(Lenihan et al. 2008, PRBO 2011}. The fre-
quency and size of fires in the Coast Ranges is
expected to increase up to 50% by the end of
the century (Fried et al. zoo4, Lenihan et al.
2008, Westerling and Bryant 2008). Fire
dynamics are more difficult to predict in south-
ern California, partly due to the role of Santa
Ana winds (reviewed in PREO 2051, Franco et
al. zow). How fire affects A. pulchra is
unknown. Direct mortality effects may be
small dye 1o its subtercanean lifestyle, although
indirect negative effects may occur thraugh
habitat shilts and changes in soil chemistry.

Status Deterrnination

Anniella pulchra is a near-endemic, ecologically
specialized lizanl with much of its range occur-
ring in heavily populated and impacted caastal
areas, Little data is available on the abundance
of this cryptic species, particularly in nen-dune
habitats, which limits our ability to quantily
population trends or document extirpations.

Wanagement Recommendations

Pretection of dune areas both along the coast
and in the Coast Range is critical. In accupied
areas, disturbances such as development, agri-
culture, and off-highway vehicle use should be
reduced or eliminated. Activities that compact
soil, in particular, should be avoided. Given that
Anniella pulchra appears to persist in some
developed areas pravided that sandy soils and
native plant cammunities remain intact, incen-
tivizing or requiring natural landscaping in
low-denzity housing (as has been done in
Monterey County for the federally and state
endangered Santa Cruz long-toed salamander,
Ambystoma macrodachlum crocenm) 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.

Monitaring, Research, and Survey Needs

With a few exceptions {e.g.. Miller 1944. Kuhnz
et al. 2005), little is known about Anniella pul-
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
leristics, and population density in coastal
southern California and the sauthern Sierra
Nevada should be conducted to complement
wark in Monterey County. Understanding
under whal condilions 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
use, Anniella pulchra ca-accurs with Argentine
ants {Lirepithema humile) along the coast, but it
is unknown whether this introduced species
has any substantial impacts on A. puichra.
Presence and abundance of this cryptic spe-
cies are both difthcult to assess, and more
research into the best sampling methods far
different habitats would be useful far the devel-
optuent of monitoring efforts. In a comparison
of survey technigues in dune habitat in
Monterey County, Kuhnz et al. (zo05) con-
cluded that time-constrained searches were the
muost reliable method for detecting A. pulchra
presence across a range of population densities
and dune vepetation types. In time-constrained
searches, surveyors searched the surface, under
dried vegetation or cover objects, and up to 15
cm below the surface. Kuhnz et aj. {zoos)
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 depletion
raking (raking of substrate until one or fewer
individuals were found per 40 hours of search



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

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

ulations. Particularly in conjunction with
intensive time-constrained surveys, genetic
data can be used to measure habitat-specific
gene flow, current population size, and changes
in population size. We recommend that appro-
priate genetic markers be developed and that
tissues be collected and deposited in appropri-
ate repositories for such analyses.

CALIFORNLA LEGLESS LizAakL 191









gpotted pattern (Stebbins 20a3; R. Fisher, pers.
comim.}.

Within its range, A. t. stejregeri is only likely
to be confused with its congener, the orange-
throated whiptail (A. hyperyibra). Both lizards
have similar body shapes and scalation, though
A. hyperythra is usually smaller {s—7.2 cm SVL}
and is marked with well-defined light stripes
and an intervening dark ground color (Stebbinsg
2003}. In additicn, the males of A. hyperythra
develop a conspicuous bright orange coloraticn
on the throat and underside of the body and
juveniles have bright blue on the tail {Stebbins
2001, Lemm 20006},

Taxenomic Relationships

No modern studies of phylogenetics, phyloge-
agraphy, or species boundaries exist within the
Aspidoscelis tigris 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 penus
Cremidophorus (sensu lato) and showed that
the genus, as historically defined, was nat
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. L skejnegeri in the literature. A
closely related whiptail occurs as an insular
endemic on Isla Cedros, Baja California, Mex-
ico, which most authors refer 1o as the subspe-
cies A. b mudtisculata (previously, Cremidopho-
rus tigris multiscutatus). However, others have
treated A. t. stejnegeri as a junior synonym of A.
t. multiscutata and refer both the insular
endemic and the ¢oastal socuthern Galifornia
forms to this latter name, Thus, some literature
referring to the A. tigris subspecies in southern
California uses A. t. multiscutata. This has
sometimes led authors to congider the twn
names to refer to rwo separate biological taxa
that bath occur in gouthern Califernia {Maslin
and Secoy 1986). To clarify, there is anly 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. stejnegeri.

Life History

The life histery of Aspidoscelis tigris stejnegeri is
poorly studied, particularly within its Califor-
nia range, although it is probably similar to
other subspecies within the A. tigris species
complex. This is a diurnally active, wary lizand,
which rarely stops moving during its activity
period. Aspidoscelis tigris stejneperi is a general-
ist predator that actively searches for insccts,
spidets, scorpions, and cther small arthropods,
including larvae {Grismer 209z, Lemm 2000).
Some subspecies in the complex are known to
prey upon small lizards, though this bas not
been documented in A. & stejnegeri lo our
knowledge. Aspidoscelis tigris stejnegeri is a rela-
tively high-ternperature specialist that emerges
to begin foraging in late morning as the air
temperature rises. It can become active as early
as mid-March and remain so until early Octo-
ber, alithough juveniles can remain active into
Navember (Grismer 2002). When active, A. L
stejnegeri moves with a distinctive gait, taking a
step, halting briefly, then moving again in rapid
succession.

Reproduction takes place in spring and
sumemer. Grismer (2002) documented gravid
females and courtship behavior in mid-July in
Baja California. Courtship may occur eatlier in
the California populations {Lemm 2006},
althouph few data exist. Hatchlings begin to
appear in late July and August in Baja Califor-
nia; again, this may occur earlier in California
(Grismer 2002, Lemm 2006).

Hobitat Reguirernents

Aspidoscelis vigris stejnegeri can be found in a
wide variety of habitats within the California
partion of its range, including coastal sage
scrul, chaparral, riparian areas. woodlands,
and rocky areas (Lemm 20006). Early observa-
tions of this subspecies in California, ag well as
data from the Baja California portion of the
range, indicate that the species prefers sand-



and/or gravel-bottorned habitats and brushy
areas associated with washes—habitats that
have largely been destroyed by developrment in
southern California (J. Grinnell, pets. comm.
reported in Van Denburgh 1923). The species
continues to persist outside of these preferred
habitats, particalarly in open chaparral and
coastal sage with a gravelly subsirate (Grismer
2002, Cooper and Matthewson zoaod),
although possibly at reduced densities. Aspidos-
celis tipris stejnegeri requires large blocks of con-
tiguous habitat and is rarely encountered where
developtnent and roads have fragmented the
available habitat {Case and Fisher zoor,
Brehme 2003, Cooper and Matthewson 2008).

Distribution {Past and Present)

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

The species is apparenily extirpated, or
nearly sa, [rom large areas ol the Los Angeles
basin and the San Diego region due to habitat
loss, By 1922, Lthe species was already scame in
the vicinity of Pasadena, reportedly as a result
of habitat loss due to development (J. Grirnell,
pers. comm. tepotted in Yan Denburgh 1g22).
Further declines have occurred throughout the
Los Angeles basin and in coastal San Dviego
County (Stebbins 2003; R. Fisher, pers.
comm.). Much ol the inland range is still intact,
though increasing wildfires may pose a threat
{Rochester et al. 2010).

Trends in Abundance

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

Cooper and Matthewson (2008) reported that
the species is rarely encountered in small habi-
tat patches and is an indicator species for large
blocks of unfragmented coastal sage and
chaparral habitat. Grinnell {1908) reported see-
ing “many of them"” along the Jower Sania Ana
canycn, San Bernardino County, California, in
1905. Thig area is now heavily modified and
does not provide ideal habitat for this taxon. By
1§22, the lizard was reportedly “rare” in the
vicinity of Pasadena because of habitat frag-
mentation and less (J. Grinnell, pers. comm.
teported in Van Denburgh 1g22}, although
Bogert {1930) reported it as being moderately
common throughout the southern foothills of
the San Gabriel Mountains and mast of the
Santa Monica Mountains. Atsat {1913) reported
that it was frequently encountered throupghout
several areas of the San Jacinto Mountains, Riv-
erside County, California. Because habitat frag-
mentation and loss have continued to occur
throughout its range, it is reasonable to assume
that declines are continuing.

Nature and Degree of Threat

The primary threat facing Aspidescelis figris ste-
jregeri is habitat loss and fragmentation dus to
development. This species occurs in some of
the largest population centers within California
and requites relatively large habitat blocks,
making it particulany susceptible bo urbaniza-
tion. Further, the increasing frequency and
intensity of wildfires in southern California
may convert large portions of its remaining
habitat to suboptimal grassland, cauging fur-
ther declines in range andfor abundance
{Lernm 2006, Rochester et al. zato, R. Fisher,
pers. comm.}. Projections [rom several climate
models suggest that the frequency and inten-
sity of wildfires in southern California could
increase, although these results appear to be
strongly dependent on the model that is
employed (Cayan et al. 2008b, Franco et al.
2or11, PRBO ac11). If this occurs, additional
habitat destruction is likely to occur, negatively
impacting this species.
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Status Determination

Documented and ongoing declines in the dis-
tributicn of this species, coupled with ongoing
suspected declines in abundance, are the pri-
mary contributors to this status. Aspidoscelis
Ligris stejnegeri 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
a Priority 2 status.

Management Recommendations

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 large-scale
planning efforts like Natural Comnunity Con-
servaticn Planning where the process permits.
Establishing the minimum size of habitat
blocks is a critical research need. Until these
data becomne available, additional fragmenta-
ticn and degradation should be prevented in
habitat patches that currently support this
taxon, and corriders of suitable habitat that cen-
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nect occupied patches should be idemsified, pro-
tected, and/or restored as necessary.

Monitoring, Research, and Survey Needs

Additional data on this taxon's home range size,
habitat requirements, and movement Ecology
are required o determine the minimum patch
sizes and maximum amount of fragmentaticn
that can support viable populations. As for many
active, wide-ranging species, the effacts of road
traffic on mortality would be valuable informa-
tion for future management eflorts. Abundance
surveys shouid be conducted in remaining pop-
ulations of Aspidoscelis tigris stejnegeri. Informa-
tion on abundance should be correlated with the
local habitat patch size 1o better undersiand the
minimurn patch size requized for population
petsistence. Further research should examine
the ellect of moderate habitat frapmentation on
exisiing populations if habitat corridors between:
patches can be maintained. Given the patchy
nature of the species, a landscape pgenetic
approach that quantified both connectivity and
effective papulation sizes of remaining popula-
tions would be valuable,









coloration is often more prenounced and
contrasting.

In California, this subspecies is only likely
to be confused with other geckos that occur
nearby. The clozely related desert banded gecko
(C. v. varicgatus) is parapatric with C. v. abbotii
along the Peninsular Ranges of Southern Cali-
fornia and adjacent Baja California, Mexico.
The two taxa are best distinguished hased on
color pattera, locality, and size. Although color
and pattern in both subspecies are variable, C.
v. variegatus generally facks the nuchal collar,
often has wider and less welt-defined dark
bands, has extensive spotting on the head, and
attains larger overall body sizes {up 1o 7.1 cmy}
{Klauber 1945, Grismer zocz, Stebbins 2003,
Lemm 2006). The two subspecies intergrade
across natrow cantact zenes in Baja California
and probably alsa in seuthern California, with
C. v. abhotti occurring on the coastal side of the
Peninsular Range mountains and C. v, variepa-
tus on the inland side (Klauber 1945; D. Leavitt,
pers. comm.}. In sorme areas, animals that are
morphologically referable to C. v. gbboiti are
genetically more similar to C. v. variegatus
{D. Leavitt, unpublished data; see the “Taxo-
nomic Relationships” and “Distribution” sec-
tions). The barefoot banded gecko {C. switaki)
also has a superficially similar appearance but
is more rarely encountered. In California, it has
only been found in a narrow area of the Peuin-
sular Range. Other geckos in southern Califor-
nia have expanded toe pads and immovable
evelids and are often extreme habitat specialists
{Stebbins 2003).

Taxonomic Relationships

Celeonyx variegntus abbotii is a close relative of
C. v. variegatus. Its initial description was based
primarily on coloration, pattern, and scalation
{Klauber 1945). Sequence data from seven
nuclear DNA markers confirm the distinctive-
ness of C. v. ahbotti 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 History
The life history of Coleonyx variegatus abbotti is
peorly studied, although it is likely similar to
that of the better-studied C. v variegalus in many
respecls. Coleonyx variegatus abbotti is active
from March until September or October {Lemnm
2¢08). ltis nocturnal, emerging from rock erev-
ices and burrows usually within 2 hours follow-
ing sunset. Like other geckos, it is a predator,
presumably taking & variety of small inverte-
brates, althcugh the diet has not been studied in
detail (Kingsbury 198q, Grismer zooz}).
Reproduction lakes place in late spring.
Females lay one or two egps at a time (Lemm
2000). Other subzpecies of C. variegatus are
known to lay up to three clutches per year
between May and September {Stebbins z003),
and this may aiso occur in C. v, abbolti. Juve-
niles have been found as late as September
{Lemm 2000).

Habitat Requirements

Coleonyx variegatts abboiti is restricted to rocky
coastal sage and chaparral habitat, usually in
areas between 150 and 9oo m in elevation
{Lernm 2008). 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 cover objects
or on roads at night. It is mare frequently found
under large <ap rocks than under the small
rock flakes favored by other small lizard species
such as the granite night lizard (Xentusia hen-
shawi) [Klauber 1n4s5). Extensive pitfall trap-
ping data indicate that C. v. abboiti is absent
from areas with a high intensity of artificial
night lighting {Perry and Fisher 2006: R.
Fisher, unpublished data).

Distribution (Past and Present}

Ongoing genetic analyses of the Coleonyx vari-
egatus complex are revising our understanding
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of C. v. abbolti’s distribution, and thus our cuy-
rent concept of its range may change as these
studies are completed. Historically, all Coleonyx
ranging from the United States—Mexico border
north along coastal and cismontane Southern
California were considered C. v, rbbotti. How-
ever, genetic data indicate that the range is
more limited and primarily restricted to San
Diego County, with populationg farther north
belonging to C. v. variegatus (D). Leavitt, unpub-
lished data). The extent of the potential inter-
grade zone between the two subspecies is not
yet well understood. In Mexico, €. v. abbotii
ranges from the border south along coastal and
¢ismonlane 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. peninsula-
ris) in the Vizcaino mid-peninsula region.

Geckos have digappeared from much of
coastal San Diego County, primarily in areas
with high-intensity artificial night lighting
{Cerry and Fisher z0006), Whether night light-
ing itself or other habitat changes associated
with artificial night lighting drove the declines
is not well studied. Development and agricul-
tural impacts have also extirpated geckos from
some areas (R. Fisher, pers. cormim.),

Trends in Ahundance

Few quantitative data on historical or current
abundances are available, although Coleonyx
variegatus abbotti is less frequently encountered
than C. v. varisgatus farther east (Lernm 20a6).
This was apparently also the case historically.
Klauber ({1945) specifically noted that C. ».
abbotti was less common throughout its range
than C. v. variegatus. Bogert {1930) alsoreported
that the geckos 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 tarpet Coleonpx, and no histerical baseline
data exist with which to compare current
abundances.

Nature and Degree of Threat

The primary threat facing Celeoryx variegatus
abbatti is apparently habitat loss due to agricul-
tural and urban development, including deaths
frorn aulomahile 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 degrade
some currently suitable habitat. Finally, C. v,
ahbotli is encountered relatively rarely even in
suitable habitat, which poses significant c¢hal-
lenges in monitoring population trends and the
impacts of habitat disturbance.

Status Determination

Coleonyx variegatus abboiti has a restricted
range in California that {alls within an area that
is currently experiencing a large amount of
development, Some data suggest that the sub-
species has disappeared aleng the ceast in a
substantial fraction of its range. This, coupled
with the ongoing habitat logs due to develop-
ment and wildfire, could reduce the current
distribution further and justifies a Priority 3
Species of Special Concernn designation.

Managernent Recommendations

The most imporlant management priority for
Coleanyx variegatus abbatti is to protect remain-
ing habitat. ©ur 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 thorough and informed management
strategy can be developed.

Manitoring, 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 protocols for this subspecies, including



time-constrained searches and pitfall trapping
should be initiated. & goal of this comparison
should be ta develop a survey protocol that is
capable of detecting changing abundances. A
mark-recapture study would help determine
whether the apparantly low population densities
currently observed reflect detectability or true
population 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 uti-
lized to inform our understanding of habilat
preferences, seasonality, and life history in this
taxon.

Additional genetic surveys should also be
undertaken to turther clarity the range limits
and genetic differentiation among members
of the Coleanyx variegatus complex. In particu-
lar, contact zenes between different subspe-
cies should be further studied in order to
develop a clear understanding of 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, [nformation from penetics, mor-
phology. and survey data should be integrated
to develop 2 more comprehensive understand-
ing of dilferentiation between this subspecies
and other members of the C. variegatus
camplex.
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two similar congeners occur in much of Cali-
fornia: the northern alligator lizard (E. coer-
ulea) and the southern alligator lizard (E. multi-
carinata). Neither of these species has the
pattern of broad strongly contrasting cross-
bands down the length of the body. The cross-
bands are usually inlerrupted by a longitudinal,
middorsal stripe in E. coerwles and are much
narrower in E. multicarinata [Stebbins 2003).

Taxanamic Relationships

Different stiudies have recovered discordant
phylogenetic placements ol Elgaria panamin-
tina. Good {1988) recovered a sister relation-
ship between E. paraminting and the Madrean
alligator lizard (E. kingii) from Arizona. using a
dataset composed of 34 allozyme loci. More
recent studies find that E. paneminiing is
nested within E. muiticerinata, a placement
that was supported by both mitochondrial
sequence data {Feldman and Spicer 2006) and
nuciear sequence data (D. Leavitt £t al., unpub-
lished dala}.

Leavitt et al. {unpublished data) found low
levels of variation among populations of E. pan-
amintina and no evidence for recent or ongoing
gene fow 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 to E. panaminting, awaits
further investigation.

Life History
The life history of E. pgnamintina is poorly
understood, The species spends a large amount
of time in rock piles and deep vegetation or
brush, so it is not commonly observed {Steb-
bins 1938, Macey and Papenfuss 19gib). We
presume that many aspects of E. penamintina’s
life history are similar to that found in the
better-studied E. mufticarinate, 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 populations becoming active later in the
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vear. The species is generally diurnal in the
gpring through midsummer, when it may
switch to nocturnal activity or aestivation, pre-
sumably as a response Lo increasing daytime
tcmperatures [Stebbins [958, Banta 1963,
Dixon 1975, Stebbins 2o003). Reproduction has
not been documented in the wild, although
captive animals have been observed copulating
in mid-May {Banta and Leviton 1981). Figaric
multicarinata enters reproductive condition at
this time of year as well {Goldberg 1972), sv
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 reproduciion
takes place during the spring. Like E. multicari-
nata (and unlike E. coerulea), E. panaminting is
ovipargus. Elgaria multicarinate typically lays
cggs in carly summer, and we assume that E.
pangminting does as well (Goldberg 1972). The
timing of reproductive events in E. multicari-
nala varies among areas, with some popula-
tions producing only one clutch a year and oth-
ers up to three {Burrage 1965, Galdberg 1972).
No data on the number of clutches produced
per year or incubation times exist for E pan-
aminting, although Goldberg and Beaman
{2003) report a clulch size of four eggs from a
single museum specimen.

Dietary dala are lacking. We presume that
E. panaminting is likely a generalist predator
like E. multicarinals. The Jatter feeds on a wide
variety of insects and other small arthropnds,
including spiders, centipedes, and scorpions, as
well as on small vertebrates, inctuding mice,
birds, and lizards {including conspecifics)
{Cunningham 1956}. Observations in captivity
found no obvious differences in feeding behav-
ior between E. panaminting, E. mullicarinata,
and E. kingii, and we tentatively assume that
feeding behavior is also similar in the wild
{Stebbins 195B).

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 habitats in which they are



most commonly found {Cunningham 1956,
Stebbins 1958). Predation on E. panaminting
has not been recorded, though we assume that
they are preved upon by co-distributed lizard-
eating snakes (e.g., coachwbips [Masticophis]
and patch-nosed snakes [Salvedere]) and birds
{e.g., raptors and roadrunners [Geosoccyx]).

Habitat Requirements

Elgaric pancminlina are most frequently found
in racky canyocns 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 eccurs in or adjacent to narrow strips of
riparian vegetation immediately below springs
and in deep leaf litter and rock piles along the
marginsg of riparian habitat {Stebbins 1958,
Macey and Papenfuss 1ggib, Jennings and
Hayes 19¢4a). Flgaria panamintina was initially
thought to be restricted to these areas, but pit-
fall trapping surveys have documented their
prescoce u arid arcas well away from water
(Banta 1963). Few guantitative 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 ond Present)

Elgaria penaminting occurs in relatively remote
repions of the Great Basin in California. Given
the difficulty of accessing much of its potential
habitat and the limited work on the species to
date, it may occur more widely than has so far
been recorded. The known range encompasses
many of the desert mountain ranges of Inyo
and southern Mono Counties, including the
Panamint, Inyo, Nelson, Argus, and Coso
Mountains, as well as the western slopes of the
White Mountains (Macey and Papenfuss 1991b,
Banta et al. 1996, La Berteaux aud Garlinger
1998). The known elevational range extends
from 760 to 2290 m (Dixon 1575, Macey and
Papenfuss 19g1b, Stzbbins 2003).

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

Pleistocene. This general drying has presuma-
bly isclated the remaining populations around
the few remaining water sources {Stebbins
1958, Good 1988).

Trends in Abundance

No dala are available regarding current or his-
torical abundance, although habitat degrada-
tion due to mining, livestock grazing, and oft-
highway vehicle use has likely resulted in
population declines (Jennings and Hayes
1994a}. 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 occupancy are
needed to provide baseline information on cur-
rent status.

Nature and Degree of Threat

The primary threat 10 this species is habitat
loss or alteration in its already small range.
Many of the known localities occur 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 impacl this species if changes in
hydrology cause springs to dry up or become
less regular in their flow regimes.

Stotus Determination

Elgaria 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 throughaut its range. Each habitat patch
is sensitive to geveral potential disturbances,
and if local extirpations occur, natural recoloni-
2ation seems unlikely. Nearly ali known lacali-
ties occur on unprotected land and are subject
ta further alteration {Jennings and Hayes
1994a). These factors all contribute to a Priarity
3 designation.

Management Recommendations

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 conflicts
with livestock and large feral mammals since
these animals may trample or otherwise dis-
turb the vegetation and leaf litter surrounding
desert springs. Elgaria panaminting may also
occur at additional springs cutside of its cur-
rently known range; therefore, riparian areas
throughout the area should be preserved to the
extent possible, even if E. panamintina has not
yet specifically been documented at them.

Monitoring, Resenrch, and Survey Needs

Surveys should be conducted at additional
springs surrounding the known distribution of
Elgaria pananminting. These surveys should
involve pitfall trapping andjor drift fence arrays,
in order to increase detection probabilities. A
thorough understanding of E. penamintina’s
habitat requirements would be invaluable in
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determining what habitat modifications can be
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
surveys of thig habitat and landscape genetic
analyses of known spring populations may con-
tribute to greater understanding of habitat use
in this species. The lack of basic life history
information on E. panaminting also needs to be
addressed. Mark-recapture surveys would vield
important information about population sizes
and the extent of migration between springs.
This basic information is crucial for any kind of
active management and is largely lacking at the
present time.









{(Mahrdt et al. zo10}. Flecking is generally
present on the sides, and females in breeding
condition devclop bright orange or red spots on
the sides and underside of the tail (Stebbins
2003). In addition, there is pronounced sexual
size dimorphism, with females averaging
6.5 mm larger in S¥YL and 1.3 mm in head
length than males {Lappin and Swinney 1999,
Goldberg et al. zo10}.

In California, G. copeil is unlikely to be con-
fuscd with other lizards within its range. How-
evet, it is found immedialely adjacent to the
range of the more widely distributed long-
nosed leopard lizard (G. wislizenii), within
which G. copeii appears to be phylogenetically
nested (McGuire et al. 2007). Garsbelio wislize-
rii populations that are adjacent to G capeii are
generally paler, with dorsal coloration ranging
from ofl-white to tan and many moderately
sized spots asymmetrically scattered along the
dorsal surface {McGuire 1990, Grismer zo0z).
The spotting in G. wislizenii does not [ade ante-
riotly, and small spats penerally occur on the
head (McGuire 1996, Stebbins 2003, Mahrdt et
al. zor10).

Taxcriomic Relationships

Though it was described over a century ago,
Gambelia copeii was not widely recognized as a
distinct species until recently, Morphologically
and genetically, G. copeii is sitnilar to G. wislize-
nii, which led many authors either to consider
the two as conspecifics or to recognize them at
the subspecific level. McGuire (1996) provided
a comprehengive systernatic analysis of the Cro-
taphytidae (the family in which Gambelia is
included) and argued for the recognition of G.
copeii a5 a distinct species, based in large part
on the presence of a narrow zoune of sympalry
between the two species in Baja California,
Mexico. Following McGuire's monographic
review, the species became widely accepted.
Phylogenetically, G. copeii appears to form a
moncphyletic group that is nested within C.
wislizenif (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 andfor hybridiza-
tion within the zone of sympatry have not been
measured.

Life History

Little 15 known about the natural history of
Gambeliz copeii, and the limited information
thal is available comes frem populations that
accut farther south in Baja California, Mexico.
We assume that the California populations are
similar in most aspects of their life history to
populations from the northetn regions of Baja
California.

Gambelia copeii emerpes fram hibernation
as early as mid-March in northern Baja Califor-
nia, with adults remaining active at least untit
September (Grismer 2002). The breeding sea-
son begins in March or April and Jasts at least
until [uly {Fitch 1970, McGuire 1996, Grismer
2002, Goldberg et al. 2010). Grismer {2001)
reported a single female in breeding coloration
in August at the southern end of the species’
range near Tedos 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 some evidence that G. copeii
may produce multiple clutches in optimal years
{Fitch 1970, Goldberg et al. 2010). In a sample
of 10 museum specimens, the mean clutch size
was 5 and did not appear to depend on female
body size [Goldberg ct al. ze10).

Gambelia copeii is primarily an ambush
predator that preys upon other lizards, includ-
ing whiptail lizards {Aspidoscelis), zebra-tailed
lizards {Callisaurus), and side-blotched lizards
(Uta), as well as arthropods {McGuire 1995,
Grismer zo02).

Habitas Reguiremants

Gambelia copeit accurs across a wide latitudinal
gradient and tolerates a variety of ecological
conditions throughout its range. Little pub-
lished information exists for California papula-
tious, altheugh the species appears to prefer
open habitat in mixed chaparral and sage scrub
(R. Fisher, pers. cornm., C. Mahrdt, pers.
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comiri). In Baja California, the species occurs
across a wider variety of habitat types, although
this likely reflects habitat availability through-
out the Baja California peninsula rather than
specialization of California populations.

[n northern Baja California, G. eppesi occurs
on mesas and foothills in scattered patches of
chaparral and inland sapge scrub with coarse
sandy soils (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
apen habitat throughout the diversity of plant
communities in which it is found.

Distribution (Past and Present}

In California, Gambelia copeii is vestricted 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 species may be locally extirpated
at some of thege sites particularly zlong the
western edge of its range (R. Fisher, pers.
commm.).

Outside of California, ©. copeii ocvurs from
the California botder throughout much of the
Baja California peninsula south at least as far
as Todos Santos (Grismer 2002). Few data exist
on changes in distribution, although agricul-
tural expansion and development in northern
Baja California are likely to cause declines {R.
Fisher, pers. comm.).

Trends in Abundance

Few data exist regarding historical or present
abundance in California. Unpublished pitfall
trapping data collected over a z-year period indi-
cate that the species occurs at very low densities.
Between March 1970 and December 1971, pitfall
trapping at a 6o x Go m study site 2.7 km norcth-
east of Cameron Corners, San Diego County,
California, vielded many captures of other lizard
species in the area but only 2 single capture of
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Gaembelia (C. Mahrdt, unpublished data). A sec
ond individual was captured near this site 3 years
later (C. Mahrdt, unpublished data}.

Nature and Degree of Threat

The principal thieat facing Gambelia copeit is
habilat loss due 1o development. The species is
able to persist in a wide variety of habitats far-
ther gouth, so long ag the habitat remains rela-
tively open and, presumably, abundant prey
(primarily arthropods and smaller lizards)
remains available. However, the species occurs
at the extreme notthern limit of its range in
California, so even minor changes in environ-
menial 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. Invasion of exotic grasses may also
lead to further habitat degradation by reducing
the availability of open habitat that this species
prefets.

Stoeus Determination

CGambelia copeti has an extremely 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 asscss risk beyond these broad
measures of sensitivity, so we refrain from
assigning a priority score at this time.

Manggernent Recommendations

Within its very limited California range,
remaining large blocks of habitat require pro-
tection from further development to prevent
future declines, In the absence of information
to the contrary, we assume that prazing. wood
clearing, and activities that might negatively
impact the density of prey (including the pres-
ence of fera] or pet cats) are all threats to Gam
belin copeii. Frequent high-inteunsity wildfire
should also he prevented, to the extent possible,
within the species range.



Monitoring, Research, and Survey Needs

As no population density data are available,
presencefabsence surveys followed by mark-
recapture maonitoring programs should be
undertaken throughout the species’ range in
California to establish baseline information.
Loss of habitat across the United States—Mexico
border has the potential 1o isolate the California
populations. To begin studying the potential for
this to occur, field studies of migration rates
and patterns throuph disturbed and frap-
mented habilats should be conducted with the

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

Heloderma suspectumn is a Species of Special
Concern, though we refrain from assigning it a
priority status due to lack of informatior.. The
species received a Total Score/Total Possible of
60% (30/50} and was data deficient for several
metrics. During the previous evaluation, it was
also considered a Species of Special Concern
{/enninps and Hayes 1g94a).

Identification

Among California lizards, Heloderma suspec-
tum is virtually unmistakable. Heloderma sus-
pectim 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 1ail thal lorms bands or a reticulai-
ing network. This species possesses distinctive
bead-like scales and large, strongly curved
claws (Bogert and Martin del Campo 1956,
Beck 2004). The ventral coloration is similar to
1he rest of the body, with alternating black and
yellowish or pinkigh bands thal may form a
reticulated pattern (Bogert and Martin del
Campo 1956). Within its range, this species
could only possibly be confused with the chuck-

Gila Monster. Risk Factars

Ranking Criteria (Maximum Score}

Score
i. Range size (10) 10
ii. Distribution trend {25} Diara
deficient
iii. Population concentration/ D
migration (10)
iv. Endemism (10) 0
v. Ecological tolerance {10} 10
vi, Population trend (25) Drata
delicient

vil. Vulnerabilsty to climate change (10 10

Data
deficient

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

viii. Projected impacts (10)
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walla (Sauromalus 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.

Taxonomic 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 ta Cope (18Gy), although it was
actually depicted in print eaclier by Baird (1855)
using the name H. horridum. 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 {1950) in their monographic treatment
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. suspectum have been
described based on the pattern of reticuiation
[or lack thereof) in coloration. Helederma sus.
pectum suspecium has a reticulated color pat-
tern, whereas H. s. cinctum has a banded pat-
tern that largely lacks reticulations among the
bands. A recent genetic survey of intraspecific
variation found little evidence supporting these
groupings. Additional data are needed to more
fully examine intraspecific variation within
this species (Douglas et al. zo10). All speci-
mens known from California match the H. s.
cinctum color pattern, with the single exception
of an individual photographed near Piute
Springs, San Bernardino Counly (see the
“Dhstribution” section) (Lovicth and Beaman
2007}

Life History

The life history of Heloderma suspectum has not
been studied in California. Here we use data
from other parts of the range (primarily Utah)
and cautiously assume that the life history in
California is similar.



Heloderma suspectum overwinters in bur-
rows on rocky slopes adjacent to lower-elevation
arroyos and bajadas {Beck 1990, Beck 2c05). In
California, it likely emerges in April or early
May. The species spends nearly all of its time in
undergmound burrows (>95% in Utah}, cmerg-
ing rarely to forage for fond and to locate mates
{Beck 1990). This species is a strict nest preda-
tar, preying on the nests of mamrnals, ground-
nesting birds, and reptiles {Hensley 1949,
Jones 1984, Beck 19gy0, reviewed by Beck
20035}, Helodermiz suspectum 18 venottious,
although it is not known to use venom in sub-
duing prey {Beck zoas). Rather the venom
probably serves as a predator avoidance mecha-
nism {Beck zo05).

In California, the daily activity patiern is not
well characterized. Nocturnal activity has not
been reported, although data are lacking.
Reproduction likely occurs in April and May,
with eviposition 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 females (Beck 2005). When males encounter
each other during this period of activity, pro.
longed male-male combat may ensue. This
behavior entails rnales entwining one another
and attemnpting to pin one another tc the
ground (Beck 2003), The time required for
eggs to hatch is poorly characterized, although
young appeat in the spring, which suggesis
that they overwinter in the burrow before dis-
persing. Elsewhere in the range, sexual matu-
rity develops in 2—3 years, and adults are prob-
ably long-lived {>20 years) {Jennings 1984,
Beck z20035). This species appears to be highly
susceptible to water loss, which partially
explains its relatively sedentary activity pat-
terns (Beck zoog).

Habitat Reguiremenis

Heloderma suspectum occupies a relatively wide
variety of desert habitats throughout its range.
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 limited on
a larger scale by the availability of summer
tainfall in the California deserts. Areas that are
known to suppott this species receive a moder-
ate amount of their total annual rainfall during
the summer months (24% of the lotal), which
is similar to the pattern in adjacent areas of Ari-
zona that also support this species (39% of
total; Lovich and Beaman zooy). On a more
local scale, distribution may be controlled by
the availability of relatively deep burmows, the
presence of food, and availability of riparian ot
xeroriparian habitat {Lovich and Beaman
2007). Preferences for cer{ain burrow condi-
tivns apparently exist but are pootly understoed
{Beck 2005). Individuals frequently return to
specific burrows while leaving others, appar
ently suitable ones, unoccupied (Beck 2003).
Adult Gila monslers are known to relurn lo the
same burrows year after year, showing remark-
able homning ability and apparent knowledge of
the location of many dilferent burmows within
their home range (Beck 2003). Too [ew records
exist from the California portion of the range 1o
form a thorough undersianding of habitat
requirements, although many records are assa-
ciated with large and relative high mountain
ranges a5 well as with riparian areas {Lovich
and Beaman 2007)

Distribution (Past and Present)

Heloderma suspectum ranges from extreme
southwestern Utlah, through southern Nevada,
southwestern Arizona, and south to Sinaloa,
Mexico. In California, the species iz known
from 30 records in the Kingston, Providence,
Clark, Piute, and Chocolate Mountain ranges
{Bradley and Deacon 1966, De Lisle 1979, Ford
1981, Bicket 1982, De Lisle 1983, Fard 1983,
Lovich and Bearmnan zoo7, Ruppert 20104, Rup-
pert 2a1ob, Lovich and Haxel zorr). Lovich and
Beaman (2007) reviewed 26 records in Califor-
nia. Four additicnal records are now known.
On 29 May 19493, a single adult H. suspectum
was photographed on Smith Talc/Kingston
Mountain road 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 ather animals found i Cali-
fornia (we include the clearest photograph
here). An additional record comes from Vulcan
Mine Road on the western side of the Provi-
dence Mountains on 2 May 2009. A natural
history class [rom Cuesta College observed and
photographed a single adult moving along the
road {Sneed 2009, Ruppert zo10a, Ruppert
zotob). The most recent record that we are
aware of from California was documented on 7
May zo15 in the Mesquite Mountains 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
{2011) report an additional credible sighting
from Black Mouniain in the southern Choco-
late Mountains that occurred on 30 April 1974
as well as a sccond record [rom the same vicin-
ity that is less well substantiated but may be
credible. In addition, old reconds from the vicin-
ity of Blythe, the Lower Coloradoe River in Impe-
rial County, Chuckwalla Valley, and the Mojave
River are in the literature but are less well sub-
stantiated than the more recent records {Wood-
son 1949, Funk 1966, Tinkham 1971, Lovich
and Beaman 2007). The species may also occur
itL a fewr additional desert mountain ranges in
California where records have not yel been
recorded. In particular, the New York Moun-
tains are a likely candidate for future reconds,
These mountains lie between the Providence
and Piute Mountains, 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 1¢g¢1, Lovich
and Beamnan zao07}.

Trends in Abundance

No data exist on the current or historical abun-
darce of this taxon in California. Elsewhere in
the range, the species exists in low densities
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{maximum recorded is ~10 individuals/km?)
{Beck 1985). Given the pancity of records in
California, the species i likely mare rare here
than in the rest of the range.

Nature 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 ecology or population status of this
species in California, so declines may occur
that go undetected.

Status Determingtion

The almost complete lack of information an
this taxon in the state, coupled with a life his-
tory that iz potentially zensitive to 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 Recarnmendatians

Management recommendations are extrernely
difficult to formulate other than to protect habi-
tat known to support this species from meodifi-
cation. Activities that might collapse or other
wise destroy burrows, including intense
livestock grazieg and mining activities, should
be avoided in areas suspected of harboring
Heloderma suspectum populations. Sightings
of this infrequently encountered species
should be submitted tu the California Natural
Diversity Database or other natural history
databases (eg., the LACM RASCals project,
http://www.nhm.org/sitefactivities-programs
Jcitizen-science/rascals).

Monitering, Research, and Survey Needs

It may be impossible to study this species in the
hield in California because it is so rarely encoun-
tered. However, spportunities to do so should
be pursued. Telemetric data, in particular,



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

chance at identifying additional populations. A
key priority for future sightings of this species
is to collect nonlethal penetic samples that can
then be compared to those collected from else-
where in the range. These tissues will help to
clarify 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
lhe state.
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Phrynosoma blainvillii may be confused with
the desert hotned lizard (P. platyrhinos) where
the ranges of the two species meet in a srnall
region of the southern and eastern part of the
range of P. bainvillii in California. Phrynosoma
plutyrhines is easily distinguishable based on a
single row of fringe scales down each side of
the bady, a single row of painted scales on
either side of the thraat, and smaller keeled
scales on the dorsum.

Toxonoenic Relationships

Phrynosoma blainvillii is a metnber of a species
complex that has had a tumultuous taxonomic
history, with several species and subspecies
recognized by different researchers over time
{Klauber 1936, Reeve 1952, Bralistrom 199%).
During the previous Species of Special Con-
cern evaluation (fennings and Hayes 1994a}, a
single species, P. coronaium, was recognized,
and California populations wete considered as
two subspecics: the California coast horned liz-
ard {P. c. frontale) and Lhe San Diego coast
horned lizard {P. c. blainviilii). Recent studies
on morphological, ecological, and genetic varia-
tion among populations support the recogni-
tion of only a single taxon in California, P.
blainvilliz, leading to a revised species-level tax-
onoty that restricts the species name P. core-
natum to populations in Baja California Sur,
Mexico {Montanucci 2004, Leaché et al. 2009),
Three clades have been identified in California
based 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 morpholagical data show
substantial overlap among the clades {Monta-
nucci 2004, Leaché et al. 2009). Therefore, we
do not recognize any of these clades as conser-
vation units at this time.

Life Hislary

Phrynosoma blginvillii adults are typically active
in California from February to Movember, with
peak activity between April and July {Banta and
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Moralka 1968, Hager and Brattstrom 1997,
Fisher et al. 2002, Alberts et al. 2004, Gerson
2011}, Hakchlings are active from mid to late
summer info November (Banta and Morafka
1968, Hager 1996, Hager and Brattsirom 1997,
Fisheret al. 200z, Alberts et al. zo004). Diurnal
activity switches from midday peaks in the
spring ta more crepuscular activity in summer
and early fall {Heath mGg, Hager and
Bratistrom 1997).

Most information on reproduction has been
collected in the southern part of the range in
California. Goldberg {z983) looked at reproduc
tive condition in 164 specimens collected
mostly frorn March to September in Los Ange-
les, Riverside, San Bernarding, San Diego, Ven-
tura, and Riverside Counties. Reproductive
activity occurred from Match to June, with
females commonly ovipesiting in May. Clutch
sizes usually average around r1—12 eggs (Steb-
bins rg954, Howard 1974, Pianka and Parker
1975, Goldberg 1983). Goldberg (1983} reported
that a single (emale appeared to be yolking a
second clutch, sugpesting the possibility for
multiple ¢lutches per year in this species,
though how commeon this may be is unknown.
[n northern Baja California and southern Cali-
fornia, males have spermatozoa present from
Aptil until early June (Howard 1974), and ovi-
position occurs from late May to July with an
incubation peried of about 6o days (Howard
1074, Pianka and Parker 1975). Montanucci
(1968) abserved mating in the field as late as
May in Merced County. Howard [(1974)
observed 25 mm SVL hatchlings in late July
and early August in northern Baja California.
These animals had attained sizes averaging 42
mm 5V¥1L by October. First-year males emerged
from winter dormancy at ~51 mm 5VL. Ani-
mals in this pepulation were sexually mature
around 75 mm SVL {Howard 1974). Pianka aud
Parker (1975) reported minimum female SVL
at maturity as 73 mm in Baja California and
southern California. Goldberg {1983} reported
that the smallest mature males were 6z mm
SVL, and the smallest females were 73 mm
SVLin southern California.



Annual adult survival estimates from radio-
tracked animals in Riverside County wete
roughly twice as high for males as females:
males 62% (9%, CI 42-81%) and females
34% {95%, Cl 15-53%) {estimates assume ani-
mals of unknown fate are dead; Alberts et al.
2004). Most deaths were due to predation (31%
birds. 23% snakes), followed by road mortality
{15%), with the rest due to unknown causes
{Alberis et al. 2004}. Average home range size
varied from 1.9 to 4.© ha across habitat types,
with smaller ranges and lower activity levels
observed during a drought year (Alberts et al,
2004).

Surface activity is determined partly by tem-
petature. Adults in a Riverside County pepula-
tion had field active body temperatures ranging
from 13.3°C to 39.4°C (mean 34.5°C}, and
hatchlings had a narrower range of tempera-
tures ranging from 21.1°C to 41.1°C {mean
14.4"C) {Alberts et al. 2004). Animals were
not active when ground surface temperatures
were below 19.4°C or above §7.3°C (Alherts
et al. 2004). Gerson {2011} reported capturing
lizards when surface temperatures were up
to 63°C in a Merced County population.
Pianka and Parker (1975) reporled a mean field
active body temperature for 15 animals of
36.9°C. The critical thermal minima and
maxima are —-3°C and 467°C, respectively
{Brattstrom 196s}.

Anls can make up go% of prey items and
45% of ptey volume in stomach contents (s =
214; Pianka and Parker 1975), although many
other insect prey are aiso consumed depending
on availability {Stebbins 1954, Miller and Steb-
hing 1964, Alberts et al. 2004). About half of
the prey found in scat was Pogoenomyrmex ants
(9. rugesus and P. califorricus) (Riverside
County; Alberts et al. z004}. 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. Gergon, unpublished data). See the “Nature
and Degree of Threat” seciion for ellects of
nonnative ants.

Habitot Requirements

Phrypnoseme blainvillii is found in a variety of
habitat types, including sage scrub, dunes, allu-
vial serub, annual grassland, chaparral, oak
woodland, riparian woodland, Joshua tree
woodland, coniferous forest, and saltbush
scrub (Grinnell and Grinnell 9oy, Klauber
1939, Stebbins 1954. Banta and Morafka 1968,
Montanucci 1968, Tollestrup 1981, Haper and
Brattstrom 1997). However, microhabitat pref-
erences are much narrower. Phrynosoma blain-
villii needs loosge, fine soils for burrowing, epen
areas for thermoregulation, and shrub cover fer
refugia (Jennings and Hayes 1994a). In undis-
turbed sape scrub habitat in Riverside County,
auimats preferred leafy plant species with rela-
tively dense foliage for cover, overwintering,
and aestivation (Alberts et al. 2004). [n the
absence of shrubs, P. blaimvillii may rely instead
upon Czlifornia kangaroo rat {Dipodomys cali-
Jorricus) burrows fur refugia (Shedd et al.
2o1r). In a mark-recapture study in San Ber-
nardina and Riverside Counlies, Hager and
Brattstrom (1997) cbserved P. blainwillii in
the open 64% of the tirme, in the shade of veg-
etation 14% of the titne, next to vepetation 7%
of the time, and in rodent burrows 5% of the
time.

Pitfall trapping at 21 sites in 4 counties in
southern California revealed that within sites,
P. blainviflii abundance was positively cotrelated
with the presence of organic soils and chaparral
vegetation and negatively associated with non-
native Argentine ant {Linepithema humile) pres-
ence (Figsher et al. 2002}. At a larger scale, the
abundance of P. blainviilii between sites was
positively agsociated with the prezence of native
ants and chaparral vegetation and negatively
associated with canopy height. Similar to pat-
terns in abundance, P. bleinvillii presence was
positively associated with sandy soils and
chaparral vepetation and nepatively associated
with Argentine ant presence.

Distribution {(Past and Present)

Phrynosoma Blainvidlii 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 Nevada foothills and the western edge
of the Mojave Desert {Leach¢ et al. 2009). The
southern and nonhern California clades {see the
“Taxonomic Relationships” section] roughly cor-
respund in range to the previously recognized
subspecies Phrynesoma corenatum blainvilii and
P. ¢. fronlale, respectively. The northern Baja
California clade extends {mm Ensenada, Mexica,
north into San Diego County. The southern Cali-
fornia ¢lade slightly overlaps with the northern
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
Ranpges.

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, thiough much of the south
Cuoast Ranges. lhe San Joaquin VYalley, the
Sierra Mevada foothills, south along the coast o
the Mexican border, and throughout the Trans-
verse and Peninsular Ranges, ending along the
western edge of the desert slope (Jennings
i988¢c). Recent [ield observations in the
NAFHA database document this species at
Kennedy Meadows in Tulare County; further
information about the status here is needed.
Jennings and Hayes (1394a) estimated that P.
blainvillii hag disappeared from 35% of its his-
torical range in northern California and from
45% of ite historical range in southern Califor-
nia. Remaining populations in the northern
end of its range in the Coast Range and in the
Sierra Mevada foothills from Butie County to
Fresno County are highly disjunct (Jennings
and Hayes 1994a; |. Shedd, pers. comm.).

Trends in Abundance

Declines in the early decades of the twenticth
century were pattly due to collecting for the
curio trade in the Los Angeles basin. Jennings
{1987} estimated that at least 115,000 Phryno-
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some blainvillii were harvested over a 45-year
peried, 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 1907, Bryant 1911, Van
Denburgh 1922}. Agriculture and development
bas led to declines in more recent decades (see
the “Nature and Depree of Threat" section).

It is very difficult to estimate population
sizes for horned lizards because their cryptic
coloration and behavior make them difficult to
detect. In sage scrub habitat in Riverside
County, P. blainvillii density was estimated as
3—4 adultsfkm of road transect traveled and
1.1-4.2 adulistha, with a total of go2 lizards
(adults and juveniles) captured over 5 years
(Alberts et al. 2004). In Merced County, Ger-
son {zo11) captured 145 individuals (adults and
juveniles on 2.4 ha of transect over an 8-month
period, roughly 6o lizards/ha. Lizards were
patchily distributed at this site, and transects
were purposefully placed in areas with high
lizard abundance [M. Gerson. pers. comm.).
The sites in both studies experienced control-
led burns and grazing and supported a mix of
native and introduced plants (Alberts et al.
2004, Gerson 201L).

Nature ond Degree of Threat

Mazjor threats to Phrynesoma blainvillii include
urbanization, agriculture, off-highway vehicles,
flood control structures, energy developiment,
and nonnative Argentine ants {Grinnell and
Grinnell 1goy, Montanucci 1968, Jennings
1087, Jennings and Hayes 1994a; . Shedd,
pets. comm.). These threats may be more pro-
nounced in the southern part of the range
{S. Sweet, pers. comm.}. Leatherman {1990)
observed a single P. blginvillii that had appar-
ently died from getting its horns stuck in an
erosion control blanket. Iutroduced Argentine
ants have displaced native ant prey over parts of
central and southern California and appear to
be spreading largely as a commensal with
human development {Ward 1987, Holway 1995,
Holway 19g8)}. In choice tests, lizards preferred



native antsg to Argentine ants, and Argentine
ants were not detected in field-collected scat,
suggesting that they are not commonly taken as
prey (Suarez et al. zooo). In the laboratory,
growth rates were lower for animals raised
experimenlally on Argentine ant diets relative
to native diets {Suarez and Case 200z2). How-
ever, lizards will shill their diets to include
more norn-ant prey in Argentine ant-invaded
areas {Suarez et al. 2000).

The effects of wildfire on P. biginvillii are
complex and only beginning to be studied. [n
seuthern California, capture rates increased by
about 30% in chaparral habitat a few years post-
fire compared to unburned reference plets
{Rochester et al. zo1o}. No changes were
detected in coastal sage scrub habitat, though
both habitat types lost substantial vegetative
cover. The positive response to fire in chapartal
was likely due to the creation of open habitat
and the fact that ant prey communities
appeared to be unaflected (Rochester et al.
2010}, Howrver, the proportion of plots occu-
pied in chaparral habitat decreased in response
10 fire, possibly due to divect mortality effects of
fire. Populatian increases in burned areas were
hypothesized ta be due to recolanization from
unburned refugia. If 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
far this study detected very few P. blainvillii in
grassland habitats. Because repeated or high-
intensity fires can lead to conversion of shrub-
land to grassland, this akio represents a poten-
tial threat.

Under climate change, the probability of
large (200 ha) fires and area burned is
expected to increase in the northern coastal
part of the range and the Sierran foothills, and
be largely unchanged in the Central Valley
(Fried etal. 2004, Lenihan et al. 2008, Wester-
ling and Brvant 2008). [n the southern part of
the range where wildfire is commen, there is
little cansensus on future fire dynamics because
of the difficulty in modeling Santa Ana weather

events {Westerling et al. 2004, Westerling and
Bryant 2008). Land use in the Central Valley is
predominantly agricultural; thus, habitat avail-
ability is likely to remnain low in this area. Else-
where in the range, large decreases are expected
in shrubland with concomitant increases in
grassland {Lenihan et al. 2008, PRBO zorr).

Stotus Determination

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

Marnagement Recommendations

Protecting remaining populations from further
habitat loss and disturbarce is the most impot-
tant management strategy for this species. The
presencefabsence and abundance of Phryno-
soma blainvillii appears 1o De determined by
local, rather than regional-scale factors, so
management stralegies should focus on pro-
tecting local populations (Fisher ot al. 2002).
Because they tend to rely on crypsis rather than
speed for protection, they may be particularly
sensitive ta land uses that increase the likeli-
hood of animals being <rushed or killed,
including aff-highway vehicle use and grazing.
Preventing the spread of Argentine ants into P.
Slainvillii habitat is diflicult but alsa itnportant
for the persistence of the species. Given that
Atgentine ants prefer moist microhabitats,
xeric landscaping and reducing artificial sur-
face water may be beneficial for native ants and
horned lizards in developed areas.

Monitaring, Research, and Survey Needs

Existing populations should be menitored to
determine trends in population abundance, An
important research question is the extent to
which small habitat frapments. on the arder 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 raccoons, skunks, ravens, and domestic cats
should be studied, with conirol 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 infermation on whether Phryrosome
blainvillii can adjust to this widespread invasive
anl. Move research is needed on the effects of
introduced planis, which may increase cover,
affect native ant prey, and influence thermoreg-
ulation and locomotion {Germano et al. 2001,
Alberts et al. 2004, Newbold 2005, Riederetal.
2010). Grazing and fire can have positive
effecls 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. 2004, HilleRis-
Lambers et al. 2010}. The effects of cattle praz-
ing on F. blainvillii need more study. Cattle and
other grazers may help maintain apen habitats
that are favorable to P. blainvillii but also may
degrade habitat through soil compaction. The
net effect of grazing and hire as management
strategies requires more study and likely needs
to be determined at the site scale. The effects of
wildfire on P Bainvillii should conlinue 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 Jacks a dark middorsal stripe (Smith 1946,
Stebbins 2003). Morphologicalty intermediate
animals thought to he hybrids have been
observed near Ocotilio, California (Stebbins
2003}, and near Yuma, Arizona (Young zo1a).

Taxariamic Relationships

Mulcahy et al. {2006} conducted a phylogeo-
graphic study of Phryncsoma meallii and P. pla-
tyrhinos. They identified management units far
P. mcallii on either side of the Colorade River.
Populations west of the Imperial Valley were
historically connected but are now fragmented
by human development. The Coachella Valley
population, in particular, appears 1o be highly
isolated {Mulcahy et al. 2006).

Life History

Phrpnosoma mealiii is penerally most active in
the summer and inactive during the winter,
although there is some flexibility in their wiuter
dotmancy behavior. Adult activity in the
Coachella Valley in Riverside County peaked
from June to August, with little or no activity
observed from Novemnber to February (Barrows
and Allen 2009). At sites in San Diege and
Imperial Counties, adults entered hibernation
burrows from early October io late December,
and smaller animals entered darmancy later
than larger animals {Grant and Doherty zo06).
The average onset of winter dormancy occurred
in mid-November in [mperial County and lasted
for an average of 8¢ days (range 14-133 days),
with most animals emerging in mid-February
(Muth and Fisher 1ggz). Radiotelemetry studies
have shown that not all individuals enter this
distinct period of dormancy (Muth and Fisher
1992, Wone and Beauchamp 2003, Grant and
Doherty 20006). Juveniles have been observed
surface-active on warm days in December, sug-
gesting that winter dormancy behavior may be
more flexible in juveniles compared to adults
{Grant and Doherty 2006). Burrows at sites in
Imperial and San Diego Counties were  cm
deep on average (range z-17; Muth and Fisher
1992, Grant and Doherty zocd). Summer bur-

rows in Yuma, Arizona, were 25—30 ¢m deep
and 70-80 cm long {Young and Young zooo0}.

Daily activity patterns shift seasonally (May-
hew 1968, Wone and Beauchamp 2003). At
Ocotillo Wells State Vehicular Recreation Area
{Imperial and San Diege Counties), P. mcellii
was active throughout the day in spring and fall
hut showed a bimnodal daily activity pattern in
the summer {Wone and Beauchamp 20a3).
Phrynosoma menilii was out in the open during
the eatly marning but retreated under shrub
cover by 10:00 a.m. (Wone and Beauchamp
2003). When substrate temperatures exceaded
49°C, lizards entered burrows and reemerged
in the evening when substrate temperatures
dropped below 47°C (Wone and Beauchamp
20013). Norris {1949) also reported animais
retreating between 10:00 and in:oo am. in
Riverside County during July. In outdoor enclo-
sures, Heath [1965) observed shade-seeking
behavior when body temperatures averaged
40°C and emergence {rom shade when mean
body temperatures were 34.9°C. Bratistrom
(1965) recorded lizards at temperatures rang-
ing frorm 29.3*C to 41.0°C.

Breeding activity bas been observed in the
field from early May through the end of August
{Setser 2004, Barrows and Allen 2069, 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 9o ¢m
deep, depending on soil moisture {Setser 1004,
Young zo1o}. Clutch sizes range from 2 1o 10
eggs, with the average typically around 5 {Nor-
ris 1940, Stebbins 1954, Howard 1974, Pianka
and Parker 1975, Setser 2004, Young 2010).

Under good conditions, P. mcallii can breed
early in the seasan, young can attain adult size
rapidly and breed in their hrst year, and two
clutches per season are possible (Howard 1974,
Turner and Medica 1982, Muth and Fisher
1092, Barrows and Allen zeog, Young zo10).
In multiple-clutch years, the first cohort
emerges in late July or early August at 55-37
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mm SYL {Howard 1974, Turner and Medica
1982, Muth and Fisher 1992). These hatchlings
may be capable of reproducing in their first
spring because they can reach near adult sizes
befnre entering winter dormancy (Howard
1974. Muth and Fisher 1g9g¢2). The second
cohort emerges in late August or early Septem-
ber (Howard 1974, Turner and Medica 1982).
However, these animals are only ~38 mm SVL
in October and may not reach sexual maturity
until another season of growth has occurred
(Howard 1974, Muth and Fisher 19¢2]. 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 usually have larger home ranges than
ternales, and home ranges tend to be larger in
wet compared to dry years (Wone and Beau-
champ 2003, Setser 2004, Young zo10). Radio-
telemetry studies at the Ocotillo Wells State
Vehicular Recreation Area found averape male
home range sizes of 1.8—2.4 ha and female home
ranges of 0.9-1.3 ha (Wone and Beauchamp
2003, Setser 2004). Setser {2004) observed high
site fidelity, wilh few lizards shifting their range
centers outside of the home range used in the
previous year. Near Yurma, Arizona, average
male home range size vatied from 2.5 ha (males)
and 1.3 ha (females) in a very dry year to 1o.5 ha
(cmales) and 1.9 ha (females} in a very wet year
(Young and Young 2000). In wet years at the
Yuma, Arizona, site, maximum mean daily
movements were 200-700 I, cornpared to only
so-100 Im in drier years {Young 2010}.

Survivorship has been measured in a few
populations using radiotelemetry and mark-
recapture methods. At Ocatillo Wells State
Vehicular Recreation Area, adult yearly survi-
vorship was estitnated as approximately 50%
over 2 2-year study period (Setser zoc4). This
high survivorship rate wag attcibuted to the
scarcity of ground squirrel predators, with only
5-8% of radio-tagged lizards lost to predation
{Setser zoog). Similarly, adult survivorship
over 1 years in Iniperial County was approxi-
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mately 50%, with half of known mortalities due
to ground squirrel predation {Muth and Fisher
1993). In contrast, 39% (21/54) of radio-tagged
&. mcallii succumbed 1o predation at the Yuma,
Arizoma, site in 1 year, with most dcaths attrib-
utable to ground squirrels (Young 2o010). Pre-
dation rates were only 10% in another year at
this sile {Young 2010}. Survivorship of hatch-
lings over their first year was greater than 50%
across multiple cohorts in Coachella Valley
{Barrows and Allen 2o0o9), Survivorship
declined in subsequent years to less than 20%
for z-year-olds and less than 5% for 3-year-olds
(Barrows and Allen 2009). Such low survivor-
ship beyond the first year sugpests that early
maturity and mullipie clutches may be key to
positive growth of populations in the Coachella
Valley {Barrows and Allen 2009).

Phrynosoma meallii is a dietary specialist on
ants, particularly native harvester ant species.
Ants typically make up over 9% of prey items
in stomach conlent and scat analyses [FMianka
and Parker 1975, Turner and Medica 198z,
Young zora}. In 106 specimens examined by
Pianka and Parker (175}, 7% of prey items
were ants. While at least 11 species of ants have
been identified from scatg, ants from the pen-
era Pogonomyrmex and Messor are most com-
monly taken (Turner and Medica 1982). Near
Yuma, Arizona, ants (mostly genus Pogono-
myrmex) constituted gg% of prey items, with a
few beetles taken as well (Young zo10).

Habilat Requirements

In Calilornia, Phryresoma meallii occurs in sev
eral Sonoran Desert habitat types, including
sandy areas {flals, hills, and valleys), salt flats,
badlands, and gravelly areas (Stebbins 2003,
Turner and Medica 1982). While they may pre-
fer areas with a layer of fine, wind-blown sand,
P. meallii also occur on substrates ranging from
hard-packed soils to sand dunes and mud hills
(e.g.. Beauchamp et al. 1998, Muth and Fisher
1952). For example, at Ocotillo Wells State
Vehicular Recreation Area, a site where sandy
habitats are highly disturbed by off-highway
vehicle use, P. szcallii abundance was highestin



spatsely vegetated gravel and mud hills in Jess.
disturbed areas (Beauchamp et al. 1908).

[n the Coachella Valley, P. meallii were 2-6
times more abundant on stabilized sand fields
than on active dunes {Barrows and Allen 2009)
and were not obscrved in ephemeral sand fields
or stable dune habitats (Barrows and Allen
2010). A reduction in windblown sand over the
last few decades due 1o climatic fackrs and dis-
turbance is thought to be responsible for the
apparent absence of P. mcallii from ephemeral
sand felds, habitats that still support P. pia-
tyrhinos populations (Barrows and Allen 2010).
Lizards selected moderately compacted sands
in both stabilized sand fields and active dunes,
and this habitat feature may be important for
maintaining Lhe integrity of burrows while still
being loose enough for digging (Barrows and
Allen z00g9).

Distribution (Past and Present)

Phryrnosome meallii is a desert animal with the
smallest range of any Phrynosoma species that
occurs in the United States (Stebbins 2003). It
iz found from the Coachella Valley in Riverside
County south into extremne northeast Baja Cali-
fornia and notrthwest Sonora, Mexico, and east
to the extrerne sguthwest corner of Arizona
{Stebbins 20013). The species typically occurs
below 230 m elevation, but has been [ound as
high as 520 m (FTHL ICC 2003, Rorabaugh
and Young 200g, Turner et al. 1980). The cur-
rently occupied range is patchily distributed
within the historical range. In California, these
areas are the Coachella Valley, west of the
Salton Sea and the Imperial Valley, and east of
the Salton Sea and the Imperial Valley on the
west side of the Colarado River (Mulcahy et al.
2000).

The Flat-tailed Horned Lizard [nteragency
Coordinating Committee estimated that nearly
half of the entire range of P. mcallii has been
altered by human activities, with 39-43% of the
historical habilat in the United States converted
to agriculture, urban areas, or other uses
{reviewed in FTHL ICC 2003). The historical
range of P. meeili in California has been esti-

mated at 700,000-g00,000 ha, mostly in
Imperial County but including parts of eastern
San Diege and central Riverside Counties
(reviewed in FTHL ICC 2003). Of this histori-
cal range, the Flat-tailed Horned Lizard Intera-
gency Coordinating Committee further esti-
mated that 400,000 ha of habitat remain in
Califarnia (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
transport processes. Of the estimated 33,500 ha
of historically available suilable hahitat, z600
ha of potential habitat remain in the valley, of
which only 1400 ha is currently occupied (Bar-
rows et al. z008).

Trends in Abundance

Phrynosoma mcailiihas long been regarded as a
relatively rate species (e.g.. Klauber 19393, Den-
sity is very difficult to estirnate for this eryptic
species, and earlier estimates were based on
scat counting methods Lhat are no longer
thought ta be reliable (see the "Monitoring,
Research, and Survey Needs" section). Degpite
these difficulties, dramatic declines have been
documented in some areas {Turner and Medica
198z).

Populaticns of P. monilii appear to naturally
fluctuate in abundance, and the drivers of these
dynamics are beginning to be explored. In the
Coachella Valley, the population declined by
about §0% per year during 20022004, result-
ing in an overall decline of go% [Barmws and
Allen 2009}, However, in the following z yeats,
P. mcallii abundance rebounded to hall ol the
200z levels {Barmows and Allen 2004g). Unlike
sorme other desert species, abundance was not
carrelated with year-to-year variation in rainfall
{Barraws 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 200g}. Other studies have also found
associations between P. meallii abundance and
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ant abundance {c.g,, Turner and Medica 198z,
Rorabaugh et al. 1987).

Mark—recapture studies have generated
minimum density estimates of approximately
r.1/ha at Ocatillo Wells State Vehicular Recrea-
tion Area {Setzer 2004) to G.1fha in Imperial
County {Turner and Medica rg82). Increas-
ingly sophisticated statigtical methods for esti-
mating abundance have been employed to com-
pensate for the low abundance and cryptic
nature of P. mcallii. Grant and Doherty {2007)
working in Imperial County estimated densi-
ties from .41 to 1.55 lizards/ha at different
siles, using methods that explicitly account for
detection probability {see the “Monitoring,
Research, and Survey Meeds” section).

Nature and Degree of Threat

Habitat loss and frapmentation due to urban
development and agriculture have been the
major threats faced by Phrynasoma meallii pop-
ulations in California, with fnture threats antic-
ipated due to renewable energy development.
Phryrosoma 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 favorable
environmental conditions.

Phrynosoma mcellif is negatively impacted
by fragmentation, and edge effects can extend
several hundred meters into undisturbed habi-
tat {Young and Younp aocas, Barrows et al.
2006]), Based on surveys of lizard tracks, Bar-
rows et al. {2006) found that P. mealilii 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 meallii were at
low abundance within 150 m of the edge com-
pared to farther inta the preserve. The mecha-
nism behind the negative effect was hypothe-
sized to be mortality due to roads and
subsidized predators such as shrikes and kes-
trels. Bird predators 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 efTect on native harvester ant abun-
dance and nonnative ants were not detected, so
the edge effect 15 probably not due to impacts
oh prey availability {Barrows et al. z006). In
another study in Yuma, Arizona, 9o% of
shrike-killed P. meallii were within 10 m of a
road {Young 2010). Nennative ants and plants
may also pose a threat to P. meailié (see the
“Menitoring, Research, and Survey Needs” sec-
tion}. Wind and solar development may be of
patticular concern in western Imperial County
and east of the Imperial Sand Dunes, while
geothermal development may threaten popula-
tions inside of the Ocotillo Wells State Vehicu-
lar Recreation Area {]. Weigand, pets. comm.}.
Such development mmay lead to habitat
degradation and loss, as well as increased
frapmentation.

Off-highway vehicle use has long been sus-
pected of nepatively impacting P. mcallii popu-
lations through divect effects such as mortality
and indirect eflects on habitat quality. Within
protected Management Atrecas {scc the "Man-
agement Recommendations” section), ofl-
highway vehicle use is restricted to designated
areas (Grant and Doherty z00g), Qutside of
these protected areas, approximately 100,000
ha of remaining habitat may be subject to ofl-
highway vehicle activity, an area encompassing
more than a quarter of remaining habilat in
California {Grant and Dcherty 200q). Grant
and Doherty (acog} experimentally tested the
hypothesis that off-highway vehicles crush dor-
mant ™ mcailii by controlled rides over radio-
tagged animals in burrows. None of the ani-
mals in their study died or were injured,
suggesting that direct effects on animals in
burrows may be weak. Direct mortality of
surface-active P. mcallii due to off-highway
vehicle activity has been reported anecdotally
from some sites {e.g.,, Turner and Medica 198z,
Muth and Fisher 1992). McGrann et al. {2006)
found that lizard body mass, but not density,
was higher on sites with low off-highway vehi-
cle impact compared to high-impact areas. The
density of ant mounds (i.e., prey) was also



higher in low-impact sites, supporting the pos-
sibility of indirect cffects of of£highway vehicle
use on P. meeilii (McGrann et al. 2006).

Aside from increases in temperature, there is
little consensus as to haw climate change will
affect the Sonoran Desert region of California
where P. meallii occurs. Mean annual tempera-
tures are expected to increase, with 2.2 additional
extremely hot days per year (where temperatures
exceed the long-term gsth percentile) and 10
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 rodest
increases in mean annual rainfall up to 45%
decreases (reviewed in PRBO zo11). This uncer-
tainty in how precipitation will change makes it
difficult to predict how P. meallii will be affected.
The effect of rainfall timing and magnitude on
P. meollii populalions is likely complex, asz
drought reduces juvenile growth rate and adult
movement, but wet years reduce prey abundance
{see the "Life History" section}. How hire dynam-
ics will chasge in this area is also highly uncer
{ain {Westerling and Bryant z008). Little change
is expected in vegetation communities (Lenibhan
etal. 2008, Stralberg et al. zoag).

Statws Determination

The specialized diet of Phrynosoma mcallii, 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, efTorts to secure range-
wide protection for P. mcallii have been under-
way for several years, with the species firstiden-
tified a5 a candidate for listing undar the federal
Endangered Species Act in 1982 (reviewed
in USFWS 2zo11a}). In 1989, this lizard was
rejected for listing under the Califernia Endan-
gered Species Act. Following these efforts, sev-
eral state and federal agencies comprising the
Flat-tailed Horned Lizard Interagency Coordi-
nating Committee signed a voluntary conserva-
tion agreement, which resulted in the protec-

tion of management and research areas and a
plan for monitoring the species (Foreman
19g7). In 2003, the ranpe-wide management
strategy was updated, providing reviews of biol-
ogy. threats, and management recommenda-
tions for P. meallii {FTHL ICC 2003). In 2011,
P. mcallii wag again denied federal protection
under the Endangered Species Act (USFWS
2¢0112). In broad terms, the USFWS concluded
that the threats to P. meallii that initiated con-
sideration for listing have been largely
addressed by management efforts {USFWS
20113). However, P. meallii populations con-
tinue 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 those
that limit habitat disturbance and destruction.
Development that leads to habitat conversion or
frapmentation should be avoided or limited in
P meallii habitat. Renewable energy projects
should consider potential negative impacts on
£. mealiii. Limiting offhighway vehicle use to
the overwintering season when animais are
less likely to be sutface-active may help limit
direct mortality impacts. Roadside barriers and
crozsing structures should be investigated to
reduce road martality in areas where roads may
be barriezs ta population connectivity, The use
of pesticides in or near P. moallii habitat should
consider potential negative impacts on aative
ant prey that are an important determinant of
habitat quality for this species. Habitat corri-
dors should be established or maintained to
prormote connectivity among remaining popu-
lations, particularly across the United Stales—
Mexico border. Assisted migration may be
important for ensuring gene flow across obsta-
cles such as fences along the United States-
Mexico border. Bestoration of degraded habitats
could include activities such as manipulating
soll properties, removing ar controlling nenna-
tive planis, and replanting of native plant spe
cies that provide food for harvester ants and
open habitat for P. mcallii.
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The Flat-tailed Horned Lizard Interagency
Coordinating Committee has implemented a
management strategy for 2. meallii (FTHL ICC
2003). In California, this strategy includes the
establishment of three Management Areas and
one Research Area encompassing roughly
170,000 ha in regions of California deermed
especially important to the species including
the Borrego Badlands, West Mesa, Fast Mesza,
and Ocatillo Wells, The conservation and man-
agement of these areas is described in the
FHTL [CC (2003} document, and we refer the
reader there for additional details. There is cur-
rently na management area in the northwest-
ern portion of the range. However, the
Coachella Valley Multiple Species Habitat Con-
satvation Plan and Natura! Communities Con-
servation Plan will protect approximately 44%
of remaining habitat in Coachella Valley {FTHL
1CC 2001}

Monitoring, Research, and Survey Needs
Monitoring Phrynosoms megilii is difficult
because this species is cryptic, populatien
abundance fluctuates, and densities are often
low. This results in low detection probabilities
overall and a high degree of variation in detec-
tion probability with respect to different observ-
ers, habitats, substrates, and seasons. Phryno-
seme mcallii is cryptically colored and also
exhibits cryptic behavior, tending to freeze
andfor bury itself in the sand instead of fleeing
{Bryant 1911). Young {2cic] 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 caver of twigs or vegetation, then
froze to avoid detection. Over 25% of the time,
fleeing individuals alse shuffled into the sand
{Young 2010). Such crypsis results in a strong
effect of pbserver experience on survey surcess
{Grant and Doherty 2007).

Ta deal with these challenges, researchers
have tried ta use statistical methods to explic-
itly incorpnrate detection probability (the prob-
ability of seeing lizards if they are present} into
mark-recapture estimates of population abun.
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dance (e.g., Grant and Doherty 2007, Royle and
Young z008). Detection probabilities ranged
fram 0.06 to 0.15 (Young zo10) to as high as
0.5 on sandy plots intensively searched by
experienced obgervers (Young and Royle 2005).
Range-wide monitoring by members of the
FTHL ICC from 2005 to zo12 yielded detection
probabilities ranging frem o.s5 in the Borrego
Badlands to ©.79 in the Yuma Desert (R. Lov-
ich, pers. comm.), and these monitoring efforts
are ongoing. Even with increasingly sophisti-
cated mark—recapture analyses, data collection
requires substantial effort, and abundance esti-
mates will always be plapued by low detection
prolrabilities. Because of these challenges, dis-
tinpuishing pepulation declines from natural
Auctuations in abundance is difheult, unless
declines are severe. As an alternative, Young
(2010} recommended monitoring prescencef
absence over large areas using scat surveys,

Scat counts were commonly used into the
1990s to estimate abundance, bul their reliabil-
ity for measuring density has subsequently
been questioned {e.g., Muth and Fisher 199z,
Beauchamp et al. 1098). However, scats have
been shown lo be a good indicator of P meallii
presence, at least in areas where congeners are
absent (Young and Royle acog). IF scats are
present on a ©.75 ha plot, there is a »99% prob-
ability ef an observer detecting them within an
hour (Young and Royle zoos). Young (zo10}
proposed that such scat surveys could be useful
for delineating occupied habitat across large
areas and that monitoring changes in sile occu.
pancy over time might be a more viable meoni-
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 efficary of road-crossing structures, and
landscape genetic studies of population con-
nectivity, An additional important research
problem is to identify and monitor processes
that reduce the abundance of ant prey and/or
affect sand compaction {Barrows and Allen
zopg). Manitoring for the spread of Argentine



ants, which have been shown lo nepatively
impact P, blainvillii, may also be warranted,
especially along suburban-desert boundaries.
Argentine ants have invaded the Coachella val-
ley but to date are not knowa to have moved
into P. mcallii habitat {Barrows et al. z0o06).
Fite ants may also pose a threat to P. scailii {].
Weigand, pers. carnm.}, and their spread and
potential impacts should be studied. Nonnative
plant species are suspected to negatively irnpact
horned lizards by reducing the availability of
open habitat and seed-producing plants and by
impacting locomotion {Germano €t al. 2001,
Newbold zoo05, Barrows et al. zooq, Rieder
et al. 2o1¢). Introduced plants such as tall-

growing or Sahara mustard (Brassica
teurneforiin) now occur in P meallii habitat, and
the effects of these species require further
study {]. Shedd, pers. comm., Barruws 2012).
Barrier fenceg that prevent lizard access to
roads have been successful in Yuma, Arizana
{e.g., Gardner et al. 2004), and may be bench-
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-
standing of the extent of habitat fragmentation
{using both genetic and mark-recapture meth-
ods) and how it affects population viability is an
important research need.
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Orange coloration may also be present around
the eye.

Uma notata can easily be confused with its
congenets in California, the Coachella Valley
fringe-toed lizard {U. inorrata) and the Mojave
fringe-toed lizaxd (V. scoparia), although none
of these species have overlapping ranges. Uma
inorrata lacks the large and prominent blotches
on the ventral surface, although small black
spots may be present {Stebbins zoo1). Uma sco-
paria usually has narrow lines on the throat
that form chevrons and has dorsal ocelli that do
not form broken lines an the shoulders (Steb-
bins 2003). The sympatric zebra-tailed lizard
{Callisaurus draconoides) also has black bars on
the tail, although these form bands that encir-
cle the tail rather than being present anly on
the underside. Callisaurus also lacks frinpes on
both the toes and the ear openings and has an
averall slimmer body shape {Stebbins 2003).

Taxonomic Relationships

The taxenomy of the fringe-toed lizards has
been confusing since their original description
and remains somewhat controversial. Uma
Hotgta was initially described from a single pre-
gerved juvenile specimen in poor condition
(Baird 1858}, The initial description of morphol-
ogy was inadequate to diagnose the taxon and
provided details on coloration specific to the
paorly preserved specimen {“light pea green,
spotted with datker green”} and an inaccurate
type locality (“Mojave Desert”). An expanded
description was later provided by Cope {1894,
18g5b), which helped clarify the distinctiveneas
of the taxon. Heifelz {tg41) provided a thorough
meorphalogical 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 {{/. inornata and U. scoparia). However,
these three specieg are closely related and their
treatment in the literature has shifted between
subspecies {of U. notata) and full species {Steb-
bins 1954, Norris tgs8, Mayhew 1964a, May-
hew 19G64b, Adest 1977, Zalusky et al. 1930).
In addition, some authors recognize two
subspecies within U. notata. Uma notata rifop-
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uncteta {Cope 1395b) ranges through Arizona
and northwesternn mainland Mexico, while LV
n. notata is present only in California. Analyses
of mitochondrial data suggest that these two
subspecies do not form a monophyletic group.
Rather, U. n. nolata is sister o U inorneta to
the exclusion of U. n. rufopunctate {Wilgen-
busch and De Queiroz 2000, Trépanier and
Murphy zoor). Trépanier and Murphy (2zo01)
noted that the mitochondrial DNA implied
cither that U. irornata should be considered
part of U. notata or that U. ». notata should be
elevated to a full species and that U. n. rufop-
unciata contains two species (one of which is
cryptic and had not previously been recog-
nized}. They preferred this latter arrangement,
although this has not been formally presented
to date. Here, we treat UM, noteta as a full
species, separate from U, n, rufopunciata. Fur-
thet genetic analyses using 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 heen studied, the life
history of U. notaip is essentially identical to
that of U. scoparia. This species specializes on
fine windblown sand habitats and possesses
several behavioral, morphelogical, and physio-
logical adaptations allowing it to do so [see
account for U. scoparia). This species hag a
yearly activity cycle that is similar to U, sco-
parie, becoming gurface-active as early as Feb-
Tuary, breeding between April and July, with
egg laying in May—July and young appeating in
September (Stebbins 1954, Grismer 200z,
Stebbing 2001}. The two species also 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 behavioral
isolating mechanism (Carpenter 1963). Uma
notala has a generalized diet composed
of leaves, (lowers, seeds, and a variety of
small arthropods that is similar to the diet of



U. scoparia {Stebbins 1944). Sce the account for
U. scoparia for additional details.

Habitat Requirernents

To the extent that they have heen studied, habi-
tat requirernents are identical 1o those of Uma
scaperia and are described in that species’
atcount.

Distribution (Past ond Present}

Uma notzte ranges from the southeastern carner
of California north and west to the Sallon Sea
and the northeastern corner of San Diepo
County. Outside of California, it ranges farther
south into Baja California, Mexico, to a latitude
roughly parallel with the mouth of the Colorado
River {Jennings and Hayes 19g4a, Grisrner
2002). The species’ known elevational range
extends from 74 m below to 180 m above sea level
(Jennings and Hayes 1994a, Stebbins 2003},

Few distributional declines have been dacu-
mented, although we presume that they have
nccurred in sorme areas that have been heavily
impactzd by off-hiphway vehicular use, as well
as in areas that have experienced heavy develop-
ment (see the “Trends in Abundance” section).
In particular, agricultural development has
eliminated habitat in extensive areas around the
Salion Sea {[ennings and Hayes 19g4a).

Trends in Abundance

Few data regarding historical Ume rotata pop-
ulation densities exist, althouph survey data
strongly suggest that ongoing declines are
occurring in areas that experience ofl-highway
vehicle use. Luckenbach and Bury {r983) con-
ducted sutrveys in paired plots at the Algodeones
Dunes (Imperial County, California) that had
or had not experienced off-highway vehicle dis-
turbance. Uwa notata abundance on off-
highway vehicle-impacted plots was signifi-
cantly lower than nonimpacted areas.

Nature and Degree of Threat

Uma nolats is experiencing many of the same
threats as U. scoparia. Habitat loss due to off-
highway vehicle damage and habitat destruc

tion due te human activities is the greatest
immediate concern. Luckenbach and Bury
(1983) demomstrated major decreases in abun-
dance from off-highway vehicle use due to
direct mortality and decveasinp vegetation den-
sity and quality. Off-highway vehicle use in
ifma habitat alse causes increased rates of tail
loss and hearing loss, neither of which are fatal
but both of which decrease individual htness
(Brattstrom and Bondelle 1983, Luckenbach
and Bury 1983). Climate change models for
this region predict relatively shatp increases in
mean temperature of up to 2°C. The impact of
such increases on U. wotata is not known but
should be a high priority for future research.
Qther threats include increasing predation
associated with human commensals and the
mote general problems associated with reduced
population size and fragmentation. See the L.
scoparia account for additional discussion.

Status Determination

Uma notzla specializes on a habitat which is
uncommon, patchy, and undergoing signifi-
canl degradation, and this is the primary justi-
fication for this Priority 2 designation. Several
poepulations of this species appear to be stalle,
and some of the habitat occurs on protected
land; thus, a higher-priority designation is not
currently justified.

Muanagement Recommendations

The primary management need for Uma rotata
is habitat protection. Protecting sand dune habi-
tat from the impact of off-highway vehicle use
alone will significantly increase the probability
of lang-term survival of this species in Califor-
nia. Habitat conversion for housing, agricul-
ture, and solar/wind energy may all have
strongly detrimental effects on U. notata, and
the limited distribution of the species requires
that impacts be reviewed on a project-by-project
basis. Over the longer term, increasing tem-
perature and polentially decreased precipitation
due to climate change (PRBO zo11)} could also
lead to habitat loss, which may require the
developrment of additional management actions.
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Given their strong association with windblown
sand habitats, all species of Uma may be subject
to local extirpations with limited opportunities
for natural recolonization, and human-
mediated gene flow may be necessary to main-
tain such populations.

tMonitaring, Research, ond Survay Needs

The monitoring needs for {fma rotgta are
essentially identical to those of U. scoparia.
Overall, less of U roteta’s range occurs on pro-
tected land, so these monitoring efferls (and
accompanying habitat protection) are needed
more urgently for this taxon than for U. sco-
peria. The impact that habitat modifcation may
have on U. notata 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 UL n. rufopunctete and the resolution 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 zo001).
Second, landscape penetic analyses quantifying
the extent of past and current pene flow among
isolated or semni-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 nazrow crescent-shaped
black bars (Cope 18g5b, Heifetz 1941, Stebbins
2001). During the breeding season, a yellow-
green wash may develop on the ventral surface
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. inoragte) and the Colorado Desert fringe-
toed lizard (U. notzta). Uma inernata has
greatly reduced, or lacks altopether, the con-
spicuous black spots on the sides of the belly
and has ocelli that tend to form lines over the
shoulders. Uma notafz usually has diagonal
lines on the throat rather than crescent-shaped
lines and has acelli that tend to form lines aver
the shoulders {Stebbins 2003). These three
species do not overlap in range, although U.
scoparia s broadly sympatric with the zebra-
tailed lizard (C. draconaides), with which it also
might be confused. Callisaurus draconeides
lacks fringe scales on the ear openings and
toes, has an overall stimmer body shape, and
has black bands that form rings around the dis-
1al portion of Lhe tail rather than only being on
the tail underside {Stebbins 2003).

Taxonomic Relationships

Uma scoparia was initially described on the
basis of fermoral pore counts and several scala-
tion characters {Cope 1894, Cope 1895b). [t was
later placed in synanymy with U. notatz when
several of Cope’s diagnastic characters were
reinterpreted as representing individual varia-
tion rather than species differences {Camp
1g16b, Yan Denburgh rgz2). The taxon was
later resurrected to full species status based an
a larger series of specimens that identified
diagnostic morphological differences among
the taxa (Heifetz 1941). Several different
authors have noted external morphological,
osteological, and genetic similarity among
metnbers of the genus and have variously
treated U. scoparia as a full species or subspe-
cies of U. notata (Stebbins 1954, Notris 1958,
Mayhew 19643, Mavhew 1964b, Adest 1977,
Zalusky et al. 1980}. Carpenter (1961} showed

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

Phylogenetic analyses of mitachondrial data
sugpested that U. scoparic is monophyletic
{Trépanier and Murphy 2001, Murphy et al.
2000]) and forms a clade with the cther Mojave
and Sonoran Desert taxa (U. inornata and U.
retata) {Wilgenbusch and De Quciroz 2000]).
Mitechondrial data also suggest that some hap-
lotype diversity occuts within the U. scoparia
{Murphy et al. 2000), although divergences are
low and additional, multigene nuclear data are
needed to clarify intraspecific varialion. Popu-
lations occurring in the northern part of the
range have been proposed as a distinct popula-
tion segment based or mitochondrial phyloge-
ography and presumed isolation {Murphy et al.
2000},

Life History

Uma scoparia is an active, wary, diurnal Yizard
that specializes on fine windblown sand habi-
tat. It is extremely similar in most aspects of
life history to other species in the genus (Steb-
bins 1944}, and here we make usc oflife history
information from these other species when it is
not available for !, scoparia. Species in the
genus Uma all possess a number of morpho-
logical, behavioral, and physiclogical adapta-
tions 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. scopariz to prevent sand from
entering the body {Morris 1958). The nasal pas-
sages have a complex convoluted shape that
reduces moisture 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 on steeply sloped landscapes such as are
often found in sand dunes {Carothers 198G},
The flattened body form, wedge-shaped head.
enlarged, keeled scales on the head, limbs and
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ioes, 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 o escape
from predators and to take refuge from
extremely hot surface conditions {typically
when surface lemperature exceeds 43°C; Norris
1958). Uma sceparia possesses both acute
vision and hearing, which aid in predator avoid-
ance and prey capture [Stebbins 1944).

Adult U. scoparic overwinter in the sand
between November and February, then become
surface-active throughout the day as tempera-
tures allow. The species maintains a mean
Lody temperature of 36-37.5°C, often becoming
inactive during the hottest part of the day dur-
ing midsummer {Mayhew 1964b, Miller and
Stebbins 1964). Breeding occurs throughout
the spring and surmmer hetween April and July,
and females lay clutches of 1—5 eggs {usually 2
or 3); more than one clutch may be produced in
optimal years {Stebbins 1954, Mayhew 1066,
Fromer et al rg83, Stebbinz 2003). Young
begin to appear on the surface in September
(Miller and Stebbins 1964).

Uma scoparia has a generalized diet that
includes a variety of beetles, ants, wasps, Hies,
and other small arthropods, as well as plant
leaves and seeds (Stebbins 1944). At Dale Dry
Lake, San Bernardino County, the diet of adult
Ui. scoparia consisted of approximatcly Go%
plant material (mainly in the form of small
seeds} and 40% small arthropods (Minnich
and Shoemaker 1972). The juvenile diet, cen-
versely, was composed of over go% arthropods
{Minnich and Shoemaker 19772). In low rainfall
years, aduits may be forced 1o switch to a diet
composed mostly of arthropeds due to lack of
vegetation, and this may be suboptimal (Bar-
rows 2008). The quality of available food is
probably dependent on the local rainfall, which
varies widely from year to year throughout the
species’ range, Barrows (2006) found that a
regression meodel including rainfall and diet
explained 92% of the variation in U. inornata
density and that population sizes could
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approach zero during multiyear droughts and
then quickly rebound when average rainfall
resurned.

Habitat Requirements

Uma scoparia lives exclusively on fine wind-
blown sand {Stebbins 19.44). Habitat whete liz-
ards are found in the highest abundances gen-
erally consists of relatively sparse creosote
scrub on loose sand dunes. The diameter of
individual sand grains in these areas is usually
<05 mm. Areas with large sand grains (> mm
in diameter) appear to be avoided, presumably
because this impedes sand swimming and
burying behavior (Stebbins 1944, Norris 1958,
Eromer et al. 1983). Within appropriate habitat,
individuals select areas with the finest sand
available (often the downwind side of vepeta-
tion and slopes) (Stebbins 1944, Norris 1958),
Some vegelation is probably required for food
and shade (Miller and Stebbins 1964). The spe-
cies is not present in areas where the sand
becomes too firmly packed to allow for sand
swimming, and washes and desert flats are
generally unsuitable (Miller and Stebbins
1964). No evidence exists that Ume will enter
these areas to migrate between adjacent areas
of suitahle habitat, although additional study of
this question would be valuable,

Uma scoparia may require relatively large
habitat patches for long-term persistence, Pop-
ulation modeling in the ecologically similar
U. inornata suggests that plot sizes smaller
than Too-200 ha are unlikely to allow long-
term persistence of isolated populations [Chen
et al. 2006).

Distribution (Past and Present)

Uma scoparie 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 [nyo—San Bernadino
County line south through San Bernardino and
Riverside Counties, extending west narrowly
intn Los Angeles County {Van Denburgh 19zz2,
Nerris 1958, Miller and Stebbins 1964, Pough



1974, Jennings and Hayes t994a, Stebbins
2003). Norris {1958} reports a record from Inye
County, which has often been repeated in the
literature. However, the stated locality “one and
one-half miles scutheast of Saratoga Springs”
places this record in San Betrnardino County,
and we know of no other confirmed records
from [nyo County. This species is nearly
endemic to California, extending into Arizona
in one small area near Parker, Yuma County
{Pough 1974}. A single report of passible Lima
tracks reported from the Eureka Sand Duncs,
[nyo County, California, would extend the
known range ~175 km to the northwest and
requires verification {Bolster e al. 2000). The
knewn elevational range extends from below
sea level to nearly 1000 m (Jennings and Hayes
19943

Extirpations have been documented at El
Mirage and Harper Dry Lakes, San Bernardino
County, and at Lovejoy Buttes and Piute Butte,
Los Angeles County (Murphy et al. zoo06).
Additional extirpations tnay have occurred at
Rogars Dry Lake, Kern County, Califernia, and
Saddleback Butle, Los Angeles County, Califor-
nia (CBD 2000).

Trends in Abundance

No quantitative data are available regarding his-
torical abundance, though the lizard was, and
is, commeon 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 2000).

Nature and Degree of Theeat

The most important threats facing Ume sco-
paria are habitat loss and fragmentation due to
human activities and ofl-highway vehicle use,
which negatively impacts loose sand habitas.
Other activities, including the development of
renewable 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 ecclogically similar spe-
cies U. inernata sugpgests that these lizards are
highly sensitive to stahilization of their sand
habitat (Turner et al. 1984). Habitat fragmenta-
tion is also an important threat. Even where
patches of intact habitat remain, fragmentation
and small patch sizes have been shown to be
associated with declines and extirpations in U
inornata (Barrows and Allen 2007%). In addi-
tion, surveys for the ecologically similar UJ.
rolgta that compared lizard abundances in
arcas that experienced ofl-highway vehicle use
to areas that do not, found much higher densi-
ties in the less-impacted habitat (Luckenbach
and Bury 1981). Off-highway vehicles impact
this species through direct mortality, destruc
tion of vegetation {which ig correlated with liz-
ard abundance), and increased rates of tail loss
{Luckenbach and Buey 1983, Curen et al
2007). Further, U. scoparia has sensitive hear-
ing that is easily damaged by even moderate
and short duration off-highway vehicle activity
(Braltstrom and Bondello 1983). Hearing
loss likely harms this lizard's e[hciency at cap-
turing prey and its ability to avoid predation
{Brattstrom and Bondello 1983). Increasing
predator densities {e.g., common ravens) in cer-
tain areas, often in association with human
development and the presence of garbage
durnps, may also be causing declines in lizard
abundance in localized ateas {Bolster et al.
z000).

Uma scoparia is likely sensitive to the effects
of climate change. Climate change models for
this region predict relatively sharp increases in
mean temperature of up to 2°C {PREO 2011},
The impact of such increases on U. scoparia
and on critical plant species is not known but
could be large and should be a bigh priority for
future research. The distribution of U, inornata
ig agsociated with an east-to-west drought gra-
dient in the Coachella Valley {Barrows and
Allen 2007). Like off-highway vehicle use,
drought decreages the amcunt and quality of
vegetation present, which limits both food and
caver for this species (Barrows et al. 2c10).
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Because Umna 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 scenarios (Ballesteros-
Barrera et al. 2007, Barrows et al. zo10) and
thesc rcsults are also likely to apply to U
scoparia.

Status Determination

Uma's specialized habitat s relatively uncom-
mon and undergoing significant degradation,
and this is the primary justification for Priority
3 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 ta April 2a006, the Center for Biological
Diversity and Sylvia Papadakos-Maralka peti-
tioned the US Department of the Interior to list
the northern population segment wentified by
Murphy et al. {2006) under the Federal Endan-
gered Species Act (CBD 2006}). 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 2008). 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 zom).

Management Recornmendations

Effective management of this taxon over the
short term can likely be accomplished by pro-
tecting habitat from development and degrada-
tion from off-highway wvehicles and other
human impacts. Over lonper time periods, cli-
mate change could begin to have a larger
impact, and this may require additional 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. 1f restoration occurs
in areas where extirpation has nccurred or if
development activities further isolale occupied
habitat patches, human-assisted transtocation,
potentially in association with captive breeding
programs, may be a key strategy for this
species.

Monitoring, Research ond Survey Needs

Two key research eflorts 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
eflects of both natural and anthropogenic habi-
lat (ragmentation. The effects of oft-highway
vehicles are particularly important, and moni-
toring cfforts should be initiated in areas that
experience off-highway vehicle use compared
to more pristine, adjacent areas. In particular,
these efforts should focus on comparing the
effect of varying intensity of anthropogenic dis-
turbance on populations, with the aim of estab-
lishing what intensity of off-highway vehicle
use can be tolerated, These efforts should also
attempt to disentangle the effects of habitat
destruction, noise 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 through reductions in vegetation, habilat
restoration coupled with restricting eff-highway
vehicles to certain trails or corridors could con-
stitute a reasonable management strategy.
Alternatively, neoise pollution effects may
require eliminating off-highway vehicle access
i areas where the lizards are present. Because
population sizes naturally luctuate with rain-
fall in this species {Rarrows 2006), and in
some cases can approach zero before rebound-
ing, monitoring this 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-
racy of population size estimates can be



increased with repeated sampling and specific
detection methods (Turner et al. 1984, Bolster
¢t al. z000), and these should form the founda-
tion of monitoring protocols.

Genetic studies are critical at two distinct
levels of resolution that require different data-
sels and analytical approaches. Species bound-
aries actoss Ume and large-scale phylogeo-
graphic patterns within U. scoperia remain
pootly resolved {see also the species account for
U. notata), and both are critical for effective
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 z2oc1}. Within U. scoparia, phylogeo-
graphic studies using multiple nuclear markers

are also needed in order te quantify the
intraspecific diversity prescnt within the spe-
cies. At a finer scale, Jandscape and population
genetic studies ate also badly needed to estab-
lish natural levels of gene flow, including move-
ment acress seemingly inhospitable habitat
patches, for this windblown sand habitat spe-
cialist. These data can advise and puide 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
ta guide potential human-assisted transloca-
tion. Finally, these multi-locus microsatellite or
SNP-based studies can help clarify the amount
of migration (if any) between adjacent popula-
tions and effective population sizes of existing
Jocal populations.
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The two species do net ovetlap in range but
occutr 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 ghape
(Grismer and Galvan 1986). Xantusia graciiis
also hag an enlarged temporal gcale {about half
the size of the postparietal) cornpared to X. hen-
shawi (typically less than one-quarter the size
of the postparietal; Grismer and Galvan 1686},
The peninsular leaf-loed gecko (Phyliodactylus
mocticolus) also occurts in the vicinity of X. graci-
s, but this lizard lacks the dark-brown dotsal
spots and has prominent, expanded toe tips.

Taxonomic Relationships

Xantusic gracilis was initially described as a
subspecies of X, henskawi on the basis of color,
scalation, allozyme variation, and behavior
(Grismer and Galvan 1986). 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 mitochondrial locus (Lavich 2001},
This arrangement is now widely accepted.

Life History

The life history of Xentusia gracilis is poorly
studied, particularly so in wild populations.
Given the species’ averall similarity in most
respects to X. henskawi, we expect that life his-
tory information from X. henshawi is a reagon-
ably good predictor for X. gracilis {Lee 1975).
Fowever, the two taxa live in distinct habitats
and show some behavioral differences in cap-
tivity, so some life history differences probably
exist in the wild. Xantusia gracilis is likely active
from spring thraugh fall {Lemm 2006}. In cap-
tivity, it has been shown to be more strongly
nocturnal than X. henskawi, more frequently
found on the sandy substrate on the bottorn of
the enclosure and does not seern to be limited
to rock faces {Lee 1975, Grismer and Galvan
1586). Based 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 1psz,
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Lee 1975, Mautz 1979). In captivity, X. gracilis
are also known ta feed on the eggs of Phylledac-
tylus nocticolus, a behavior that captive X, hen-
shawi in the same enclosure did not exhibit
(Grismer and Gzlvan 1986). In X. henshawi,
mating occurs in June and July. with one or lwo
live young born in September or October
(Braitstrom 195!, 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 age and are likely long-lived,
although field data are lacking [Lee 1975).

Habitot Requirements

Xantusia graciis lives in eroding sandstone and
mudsfone habitat where it utilizes crevices,
rodent burrows, and the undersides of exfolia-
ting rock flakes as shelter (Grismer and Galvan
1986). At night, it emerges from its shelters
and can be found moving about on the surface
{Grismer and Galvan 1986). This species is less
dependent on exfoliating rock habitat than X.
herskawi {Grismer and Galvan 1980).

Distribution (Past and Present)

Xantusia gracilis is restricted to one small area,
approximately 3.9 km* in total area, on the
southeastern Aank of the Santa Rosa Moun-
tains, entirely within Anza Borrego Desert
State Park (Grismer and Galvan 1586). The
known elevational range extends from approxi-
mately 240 o 305 m. Within this small region
the species is patchily distzributed, common in
some areas and apparently absent in others
{Grismer and Galvan 1985). Xantusia henshawi
occurs approximately 32 km te 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 reason to think that the distribution
has declined recently.

Trends in Abundance

Mo 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.). Same
amnount of illegal collection occurs for this spe-
cies, which may be driving small declines (M.
Jorgensen, pers. comm.).

Nature and Degree of Threat

Xantusia gracilis lives in a fragile habitat in an
extremely localized arca. Damage to this small
patch of habitat, be it from habitat destruction,
invasive species, collecting, or clirmate 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 o recover
from 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 Xontusia gracilis’ habitat are significant risk
factors. The species’ life history also predisposes
it to decline in the face of any increased adult
morlality. Although dala 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 Special Concern.

Muanagement Recomnrendations

Limiting access and minitizing disturbance to
Xantusie gracilis’ habitat is currently the most
important component of e[fective conservation.
This management strategy should be reviewed
as heeded depending on the results of the sur-
veys outlined below, All collecting should be
restricted or eliminated unless it is absolutely

necessary for scientific purposes that further
conservation of this species.

Monitoring, Research, and Survey Needs

Mg publiched historical or current abundances
of Xantusia gracilis ate lacking, publication of
any existing data is a priority. Formal monitor-
ing should be iniliated to establizh and publish
baseline population data. These surveys should
be performed at night, and it is essential not to
disturb the fragile microhabitat {e.g., moving
rockes ar rock Aakes, excavating rodent burrows).
Agide from estimating population size, these
surveys should also quantify and document any
observed habitat disturbance. Year-to-year fluc-
tuations in poepulation size occur in other xan-
tusiid lizards {Lee 1975) and are to be expected
in X, gracilis as well. Establishing a long-term
moniforing 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-Borregn Desert State Park.

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

Finally, multi-locus microsatellite or SNF
data should be collected to provide genetic esti-
mates of elfective population size, and poten-
tially levels of gene Aow, even for this restricted
species. A key issue for this species is to sample
individuals without invasive tissue-remoaval
techniques, and it would probably be best to
work out such protocols on X. henshawi before
applying them to X. gracilis.

SANDETONE NIGHT LIZARD 240









{X. v. vigilis}, which occurs nearby. Xantusia
vigilis vigilis has faitly distinct dark spots on the
dorsal surface that do mot form a network,
though they farm narraw longitudinal stripes
in some populations {Stebbins 2001}, Several
aspects of the scalation also dilterentiate these
two subspecies (Bezy 1967).

Taxonorric Relationships

Xantusia vigilis sigrrae is a membet of the X,
vigilis species complex. It was initially recog-
nized on the basis of habitat type, coloration,
scalation, and femoral porc count (Bezy 1967).
Since its initial recognition, genetic analyses
have shown that X. v. sierrze forms a mono-
phyletic group embedded within X vigilis for
mitochondrial and nuclear DMA sequence data
{Sinclair et al. 2004, Leavitt et al. a007). Alloz-
yme data also supgest that it is distinct, but a
close relative of X. w. vigilis (Bezy and Sites
1987). One papulation of X. v. vigilis that occurs
within 6a km of X_ v sierrae is suspected to
contain intergrades based on femaral pore
counis {Bezy 19647). although geographically
more proximate populations (~2o km apart}
show no evidence of this intermediate condi-
tion {Leavitt et al. aoo7). Sinclair et al. {2004}
congidered X. v. sierrze a "candidate species”
whose status required further testing with
additional data. Some recent taxonomic lists
have elevated it to species status without addi-
tional justification {de Queiroz and Reeder
2008, Collins and Taggart 2o009). 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
IE.IIBE.

Life History

The life history of Xantusia vigilis sierrae has not
been studied. However, amonpg 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 fur X. v. sierrae in many tespects. Xantusia
vigilis sierrae i3 primarily a 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.g., X. henshawi or X,
gracilis).

Based on information fram other species, X.
w. sierrae is prabably a generalist predator that
consumes a variety of small invertehrate prey
{(Brattstrom 1952, Stebbins 2003, Bezy 2009}
Its diet is probably dominated by ants and other
insects that cccur within crevices (Brattstrom
1952, Bezy 2009). Xantusin vigilis sierrae is
probably long-lived and takes 2.5-3.5 yeats 1o
reach sexual raturity {Lee rg75), eventually
producing 1 or 2 live young/year (Brattstrom
1gs1). This species likely has a low metabolic
rate relative to other lizards and grows slowly
(Mautz 1979}, 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 1586).

Habitat Requirements

Xanlusi vigilis sierrae is known primarily from
exfoliating grawite outcrops (Bezy tgb7),
though it can aisc be found under tree bark that
has fallen on the ground or is lcosely attached
to trees (D. Leavitt, pers. comm.}. Within its
rocky habitat type, this species is more [re-
quently found under large horizontal cap rocks
than the more numeraus, vertically oriented
smaller Aakes (Bezy 1967). Xantusia vigilis
sterrpe is also more frequently found in
small clusters of one or a few boulders than in
larger rock piles on rocky slopes and canyons
{Bezy 1967). Some authors have speculated
that this may rellect varying abundances
asseciated with differences in predator access



{Jennings and Hayes 1994a), although it is
also possible that it refects 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)

Xantusia vigilis sierrae is known only from
rocky hillsides on the western edge of the
Greenhorn Mountains neat Granite Station,
Kern County, California {Bezy 1¢G7, Stebbins
zoo3}. The known elevational range extends
from 450 lo 500 m (Bezy 1967). No significant
changes in distribution are known, although
the development of small ranches may impact
populations in the area.

Trends in Abundance

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

Natwre and Degree of Threat

The primary threat facing Xantusie vigilis sier-
rae is its exceedingly small range that occurs on
unprotected land. Development in the region is
taking place and could have catastrophicefTects
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. comm.).

Status Determination

Xantusia vigilis sterree is a narrowly distributed
habitat specialist that is endemic to 2 small
region of the Sierra Nevada. However, no distri-
butional declines have been documented. and

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

Management Recommendations

To protect this species, habitat Joss and degra-
dation need to be avoided. Effective protection
of this species can likely be accomplished
by protecting rocky habitats from most human
interference, including intensive collecting
cfforts and protecting the surrounding area
from development. Housing development
in the form af ranchettes and other rural devel-
opment projecis should be closely managed
te avoid impacting Xantusia vigilis sierrae
populations, including peovisions for habitat
corridors to prevent fragmentation. It is
unknown whether grazing adversely afTects the
species.

Monitoring, Research, and Survey Needs

Given the almost complete dearth of ecological
work on this species, several research and mon-
itoring needs are required for its future man
agement and pretection. Until recently, this
species was known only to inhabit exfoliating
granite, although ils actual habitat utilization
now seems 1o be somewhat broader than this.
Further study of habitat use and preferences in
Xantusia vigilis sierrae is cssential to establish
an eflective management program.

A long-term populatinon monitoring 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 should document population
gize in disturbed and pristine habitats at regu-
lar intervals. Such menitoring can provide both
critical data on hatural population fluctuations
and an early warning of declines in their initial
stages.

Finally, genetic analyses using multiple
nuclear markers are needed to address two
important conservation issues. First, additional
work at the phylogeographic/species boundary
level is needed to determine whether X. v. sier-
rae 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 vigilis to deler-
mine the degree and extent of admixture
hetween these taxa. Second, landscape genetic
work acruss its limited range is needed to quan-
tify the degree of population isolation and sub-
structure among habitat patches, migration
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cotridors that arc most heavily used by the liz-
ards, and eflective population sizes of popula-
tions in ccologically diverse habitat patches.
Ideally, 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
ftuctuations over tirne.









dark spet is usually present below each eye
{Klauber 1946).

In California, this taxon could be canfused
with other subspecies of A. eleguns, with the
gophet snake (Pituophis calenifer}, or the night
snakes (Hypsiglena spp.). This subspecies is
generally darker than other subspecies of A.
elegans in California, though intergrades are
commen along the degert slopes of the coastal
mountains {Klauber 1g46). Generally, A. e
cccidentalis is best distingunished from otber
subspecies based on range, Pituophis catenifer
has keeled scales and (usually) two pairs of pre-
frontals, while Hypsiglena is smaller (up to 66
cm), has strongly elliptical pupils, and an
extensive dark blotch on the neck (Stebbins
2001}

Taxenomic Relationships

Arizona elepans occidentalis was initially
deseribed 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
(1040} later restricted this taxon and described
two new subspecies occurring in eastern Cali-
fornia (the Mojave glossy snake, A. e. sardida,
and the desert glossy snake, A. & eburnata),
which differ from A. e. occidentalis primarily in
body color. Intraspecific {or intrageneric} varia-
tion has not yet been asscssed genetically,
although at the generic level, Arizeng appears
to be a relatively distant sister taxon to the Jong-
nosed snake {Rhinacheilus lecontei} (Pyron and
Burbrink zcog),

Life History

Arizona elegans 1s a noctutnal snake that is gen-
erally active from late February until Novem-
ber, depending on local weather conditions
(Xlauber 1946, Grismer 2002). [n Califernia,
A. b eccidentalis reaches peak activity during
May (Klauber 1046; $. Sweet, pers, comm.},
with few specimens being collected throughout
the remainder of the sumnmer {Klauber 1939,
Goldberg 20c0). The species feeds primarily
on diurnal lizards, which it captures while they

sleep, and small necturnal mammals, which it
ambushes {Klauber 1946, Rodriguez-Robles
et al. 1999a). In a sample of 107 prey speci-
mens, 50% were lizards {primarily Sceloporus
and Uta} and 44% were mammals {primarily
gmall rodents). Larger specimens are aiso
known to take small birds and other snakes
{Redripucz-Raobles et al. 19909a).

Arizona elegans retreats to burrows during
the day, using either existing mammal but-
rows, excavations under rocks, or creating bur
rows for itself (Klauber 1946, Degenhardt et al.
1994). This species can be nocturnally active at
relatively low temperatures {as low as 14°C,
though typically 19-20°C; Cowles and Bogert
1944).

Reproduction is poarly studied in the wild,
but museum specimens indicate that ovulation
begins in June, and spermiogenesis occurs in
late sumnmer {Goldberg 2000), In A, alegans
from New Mexico, ovulation also begins in
June with oviposition occurring in July
{Aldridge 1979). Clutch size is poorly docu-
mented in this subspecies, though twe indi-
viduais contained Lhree and seven eggs, respec-
tively (Reynolds 1943, Klauber 1946). Across A.
elegans, clutch size varies widely from 3 to 23
cggs. with a mean of 8.5 {Fitch 1970). Recent
hatchlings are typically found in September {S.
Sweet, pers. comm.),

Hobitat Requirements

Arizona elegans is found in a wide variety of
habitat types, including open 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 sceub, and
chaparral (Klauber 1946). No studies of habitat
requirements exist, although this subspecies
appears to prefer open microhabitats. The
majority of records occur in relatively open
patches in a surrounding matrix of denser veg-
etation {Klauber 1946). This subspecies can be
patchy within its range, with certain areas cen-
sistently producing more records than others
that have seemingly identical habitat (Klauber
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1946). Arizona clagans appears to prefer areas
whete the soil is loose, which allows for bur-
rowing [Grismer 2002, Stebbins 2003).
Unpubtished survey data indicate that A. e. ocri-
dentalis may prefer sandy soil habitats such as
coastal sand dunes, alluvizl 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 central Texas, Oklahoma, and
Kansas, and south to central Mexico. Klauber
(1940} restricted A. ¢. occidentalis to the central
San Joaquin Valley south to the Tehachapi
Mountains and along the base of the Coast
Range mounlains farther south to San Quin-
tin, Baja California. This subspecies is known
to occur from sea level toe —~18oo m [Lemm
2000).

Arizona elegans occidentalis has apparently
declined throughout much of its range. In San
Diego County, survey data are available for Tor-
rey Pines State 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 Fisher 2007,
Fisher 2004}. Extensive agricultural develop-
ment and habitat modification throughout the
San Joaquin Valley and urban development
within the Los Angeles basin have likely led o
declines and/or extirpations in these areas as
well (Stebbins 2003; R. Fisher, pers. comm.).

Trends in Abundance

Few abundance data exist for this subspecies.
However, extensive early surveys of snakes in
San Diego County failed to find the species,
suggesting that they were uncommaon {Klauber
1924). Bogert (1930) was aware of only two
records for Los Angeles County. Klauber {1946}
observed that Arizena elegans occidentalis
existed in lower densities, relative to the total
snake population, than either A. e. candida ar
A. e. churnata, and that A, ¢ eccidentrlis was
patchily distributed. Pitfall trapping data <ol-
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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.
commn.}. Presently, the subspecies is found less
commonly than it once was throughout the San
Diege region {Case and Fisher 2001, Lemm
2008). Both low densities and patchiness could
make this taxon particularly susceptible to
declines and may explain why the species has
seemingly disappeared from some areas, while
several other colubrid snakes remain present.
Development continues within the species’
range and thus ongoing declines in abundance
are likely.

Nature and Degree of Threoi

The greatest threat to this subspecies is habitat
modification due to agricultural, commercial,
and residential development. However, the spe-
cific mechanisins that cause declines are not well
understood. Ahundant prey and small habitat
blocks that appear suitable remain in sorne devel-
oped areas, although the species may be sensitive
to the light pollution arising from this develop-
ment {Perry and Fisher 2006, Perry et al. 2008},
This species’ responge to wildfire is not well
understood, hut increasing frequency and inten-
sity of wildfires due to climaie change may plau-
sibly lead to habitat meodification that iinpacts
this taxon. The projected changes in wildfire
regime in this area are mixed {PRBO 2011). so
the degree of this threat is still unknown. Wild.
hres that are small in scale and intensity may
have a beneficial impact by temporarily clearing
paltches 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
wildfires, conversely, kill chaparral and convert
large habitat patches to grassland for longer peri-
odzg of time. Thig process would likely have a det-
rimental impact on this species.

Status Determination

A moderately small range and moderate degree
of ecolagical specialization and endemism,



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

Management Recarmmendatians

Habitat protection is currently the most impor-
tant management pricrity for Arizona elsgans
occidentalis. The studies outlined below will
help to characlerize habitat usage, home range
sizc, distribution, and abundance. Once these
data become available, a more specific manage-
ment program <an be developed that targets
specific remaining populations and protects
appropriately sized habitat blocks for the spe-
cies’ home range size and rmovement patterns.

Monritoring, Research, and Survey 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 of the life history and
existing population sizes in this subspectes.
Without this basic information, designing a
coherent management strategy is impossible.
These studies should take place in concert with
survey efforts to more 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 cani be obtained, individually marking
stiakes for mark-recapture population size est-
mates should also be performed. Radioteleme-
try studies may be z fruitful means for deter-
mining home range size and more thoroughly
characterizing habitat usage, particularly given
the indications that this species might have
specific microhabital preferences. Second, a
species-wide phylogeographic study should be
petformed in order to elucidate intraspecific
variation and identify appropriate units for con-
gervation. Phylogenetic and phylogeographic
studies of nther 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 morphological subspecies
boundaries. Finer-scale landscape ecological
studies, particularly in concert with radiotelem-
etry on the same landscapes, would also provide
important information for conservation strate-
gies. These important data are entirely lacking
for this taxon at present.
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Taxoromic Relationships

Based on analyses of morphnlogy and mito-
chondrial DNA, Murphy et al. (1995) propuosed
synonymizing Crotalus ruber with an island
species, the Cedros Island diamond ratilesnake
{C. exsul Garman 1884). Because C. exsul was
named first, Murphy et al. {1g9g5) supgested
changing the name of C. ruber. However, this
has been opposed in favor of stability of the
nomenclature (Smith et al. 1998, ICZN 2000).
Here, we use C. ruber to refer to all California
animals.

Life History

Cratalus ruber is generally most active between
March and June {Emst and Ernst zca3). [n one
study from San Diego County, snakes typically
emerged {rom overwintering locations in late
February, but some individuals were inactive
until mid-April (Brown et al. 2008). Most
movement occurted in late spring and sum-
mer, dens were pepulated in Novemnber, and no
movement was recorded in December or Janu-
ary (Brown et al. zooR). [n Riverside County,
desert animals were active from early March to
late November (Greenberg 2002),

During the cold winter months, C. ruber
spends most af it¢ 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 2003). In one study in San Diego County,
7 out of 11 radio-tracked snakes overwintered in
communal dens located in rock crevices of
granile boulders with up to 7 other individuals
{Brown ct al. 2008). Most snakes reused den
gites aver multiple years and moved ~300 m
away from 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 {Opuntig =p.), did not show con-
sistent site fdelity to overwintering sites, and
moved farther from overwintering sites after
emergence (Greenberg zooz, Dugan et al
2008).
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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 2000, Greenberg
200z, Brown ct al. 2008). The few available
radiotelemetry studies suggest that home
ranges may be larger in the desert than in
coasial habitats. In a reserve in San Diego
County, average home range sizes were 2.8 ha
for males {n = 5} and 0.q ha for females (» = 6;
Brown et al. 2008}. Atanother 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
03 10 4.5 ha {n = 7). In contrast, average home
range sizes for deser! animals from Riverside
County were 25.7 ha for males {n=5)and 5.9 ha
for females (k = 4; Greenberg and McClintock
2008},

Couttship and mating have been observed
in the held in California from February te May
{Brown et al. 2008, Dugan et al. 2008]. In San
Diego County, Brown et al, (2008) witnessed
fermales 1nating from April to May (sometimes
with den mates}, and births occurred in Sep-
tember. Goldberg (1999} examnined the 1epro-
ductive condition of 43 specimens, 41 of which
were from desert habitat in Riverside County
and 2 from coastal Orange County. Reproduc-
fively active males were observed in August
(Goldberg 199g). Although specimens were
unavailable froin later in the year, Goldberg
{1999} speculated that sperm preduction con-
tinued through the early fall. Sperm was found
in the vas deferens for all animals (collected
February through August), suggesting the use
of sperrn stored overwinter for spring mating
(Goldberg 1999). Females contained enlarged
ovarian follicles (>to min) from March through
September. Females may reproduce every other
year, given that only 7 of 15 females showed evi-
dence of reproductive activity {(Goldberg 195g).

An averape of eight young [range 3-20, n =
40; Klauber 1956) are live-born afier a gestation
period of 141-173 days (» = 3, data [rom captive
animals; Klauber 1956). Goldberg {1999) esti-
mated similar average litter sizes from counts
of enlarged ovarian follicles [cange 48, mean



5.3, n="7}. Klauber {1956} examined 244 speci-
mens from San Diego County to estimate
growth curves and found that young are 3o cm
TL at birth on average and roughly double in
length during their first year. Estimates for size
at reproductive maturity range from 6o 1o 75
cm TL (Klauber 1956, Wright and Wright 1957.
Goldberg 1999).

Crotefus ruber mostly feeds on small mam-
mals but will also eat lizards, birds, and other
snakes (Tevis 1943, Klauber 19556, Cunning-
ham 195g9b, Patten and Banla 1980). Dugan
and Hayes {2012) compiled range-wide dietary
data from museum specimens, live animals,
road kills, existing literature, and other abser-
vations. Roughly g92% of all prey items were
mammals, with lizards {8%) and bicds (126)
taken less frequently. Prey items were found in
snakes collected year-round, sugpesting thal C.
ruber occasionally feeds during the winter
{(Dugan and Hayes zo1z).

Habital Requiremenis

Crotalus ruber occurs in several habitat types,
including coastal sage scrub, chamize chapar-
ral, redshank, desert slope scrub, desert
washes, grassy fields, orchards, cactus patches,
and rocky areas {Klauber 1956, Jennings and
Hayes 1994a, Tracey 2000, Dugan et al. 2008).
Klauber {19506) 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
boulderg in road surveys. On a reserve in San
Diego County, snakes were found in associa-
tion with rock outcrops 57% of the time and in
ghrubby vegetated habitats without rocks 28%6
of the time (Brown et al. 2008). There are sev-
eral accounts of C. ruber climbing in bushes
and trees up to 2 m off the ground (Klauber
1956 and pers. camm, therein) and C. ruber has
also been observed swimming in reservoirs
{Klauber 195G).

In one radio-tracking study from San Diego
County, habitat use was nonrandem with
respect ko available vegetation. Snakes preferrad
scrub vegetation less than 15 m tall and avoided
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 2-year periad., 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. z00g).

Dupan et al. (2008) radio-tracked adult
tnales at a site that lacked large rocks but had
cactus, coaslal 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 southeaslern Los Angeles and
Orange Counties, the Morongo area of south-
wegtern San Bernardino County, western Riv-
erside County, San Diego County, and extreme
southwestern Imperial County (Klauber 1956).
Crotelus ruber occurs in areas with rainfall
ranging from 8 to 8o cmyyear, usually in areas
below 1200 m in elevation {Klauber 1956). The
geographic range of C. riber extends out onto
the desert floor from the eastern slope of the
Peninsular Ranges {Klauber 1956). Dutgide 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 hurman density. Jen-
nings and Hayes {1994a) estimated that C.
ruber was extirpated from roughly 20% of his-
torical sites and attributed extirpations to habi-
tat loss from urbanization and agriculture.
Coastal populaticns are the most reduced, par-
ticularly in southern San Diego County (S.
Barry, pers. comm.). Case and Fisher (z2001)
conducted pitfall trapping surveys in sauthern
California and did not capture or chserve
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animals at several localities where Klauber
(1939 and unpublished data} had previously
neled them as common. Halama et al. {2008)
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 arc suspected due to habi-
tat loss and fragmentation. Current declines of
existing populations may be cccurring particu-
larly in the Morongo Valley in the northern end
of the range due to development (S. Barry, pers.
comun.}. Jn ane San Diego County site, mini-
mum density was estimated as .63 Crotalus
ruber per heclare, although the actual density
was likely higher (41 individuals observed hap-
hazardly in a 65 ha area over —s years: Brown
et al. 2068).

Nature ond Degree of Threat

Crotalus ruber is mainly threatened by develop-
ment, which causes habitat loss and frapmenta-
tion. This species may also suffer from perse-
cution and road mortality. Climate change may
affect €. ruber through changes in fite regime
and vegetation shifts. However, bath 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. 2004,
Westerling and Bryant z008). How C. ruber
may respond tc changes in fire regime is
unknown, Climate change is predicted to
decrease the availability of chaparral and shrub-
land by up to 44%, while grassland is predicted
lo increase by up to 3903 in southern Califor-
nia (Lenihan et al. 2008, PRBO 2011). Though
C. ruber has been documnented in prassy areas,
large losses in shrub habitat may negatively
affect this species.

Status Determination

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 Crotelus 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 Habilat
Conscrvation Plan for western Riverside
County represents a 3.5-fold increase in the
amount of snake habitat protected {(Halama
et al. 2008). However, Halama et al. {z008)
estimated from habitat suitability models that
toughly too,000 ha of predicted highly suita-
ble habitat in the area would still be unpro-
tected and at risk of developrmenl. 1L may be
possible to reduce road mortality with wildlife
tunnels and associated drilt fences installed
beneath high-traffic roads.

Manitaring, Research, and Survey Needs

Additional research into Crotalus ruber ecology
and population dynamics in developed and
fragmented landscapes would be useful for
develaping management strategies, particularly
with regatd to maintaining cennectivity among
populations. Creating habitat buffers around
large remaining fragments and habitat corri-
dors between fragments may help populations
petsist in these landscapes, but more research
on habitat use and corridor placement 1s needed.
Radiotelemetry data to date suggest high site
fidelity among adults, at least in some coastal
populations within years. Juveniles may show
different dispersal behavior and benefit more
troin management strategies like habitat corri-
dors (Tracey 2oo0). Current snake telemetry
techniques that rely on surgically implanted
transmitters have a lower size limit {e.g., ani-
mals needed 10 be »500 g in one study; Brown
et al. 2008), naking it difficult to study move-
ment in small individuals. In these cases, land-
scape genetic data could provide important data
to complement more detailed telemetry studies.
The trole of hibernacula in populatien viability



and movement patterns is also an important
research need, particularly for juveniles.
Monitoring is needed to estimate abun-
dances in additien te ongoing work on
presencefabsence to document lacal extirpa-
tiohs. Pitfall trapping has been usged to success-

fully document presence and absence of this
species in southern California (e.g., Case and
Fisher zoo1}. and pitfall arrays that specifically
compare habitats with different levels of human
disturbance would provide valuable menitoring
information.

RED DIAMDMND HATTLESNAKE 2.65









Taxonomic Refatienships

Twelve subspecies of D. punctatus have tradi-
tionally been recognized, largely on the basis of
matphology {Emst and Ernst 2003). Diadophis
punciatus regalis is one of seven subspecies that
occur in California (Ermst and Brnst 2003).
Recent malecular work has called this tradi-
tional view of the subspecies into question
{Feldman and Spicer 2006, Fontanella et al.
2008), and a taxonomic revision is likely in the
near future. Feldman and Spicer (2¢06) sam-
pled mitochondrial DNA from 3g animals
throughout the range of D. purctatusin Califor-
nia. Dirdophis punctatus regalis was recovered
as sister to a clade containing all other Califor-
nia samples, although only two D. p. regalis
individuals were included in the analysis (one
from California and one from Arizona). Fonta-
nella et al. {2008) conducted a more compre-
hensive phylogeographic analysis of D. puneta-
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
{particularly throughout Mexico) and the addi-
tion of nuclear rmarkers.

Life History
Very little natural history information i3 available
for Diéadophis puncteius regalis, especially for Cali-
fornia populations. Being such a widespread spe-
cies, life history characteristics vary greatly across
the species’ range. It is reasonable to presume
that D. p. regalis are ecologically distinct from
ather California D. punciatus populations based
aon their much larger size and unique restriction
to desert spring habitats. Unless stated explicitly,
life history information here is frum other sub-
species of D. punctalus and caution should be
used in generalizing to D. p. regulis,

Diadophis punctatus is most active in the
spring and early fall, and is pritnarily nocturnal
{Ernst and Einst a2003). Males apggregate for
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mating in the spring and fall {Noble and
Clausen 1930, Dundee and Miller 1968).
Females are thought to reproduce annually and
may produce more thazn one clutch per year
(Ernst and Ernst zoo3). Oviposition occurs
from May to September but is concentrated in
June and July, and hatching occurs from July to
September (Ernst and Ernst 2003). Cluiches
from multiple females may be laid together in
comrmunal nest sites (Blanchard 1942, Gilhen
1970}. Diadophis punctalus eggs are 10-44 mm
long (mean z5 mm, # = 108) and hatchlings are
7.6—18.8 cm TL {nean 12.4 cm, n = 120; Ernst
and Ernst zoc03). Diadophkis punciatus regelis
eggs and hatchlings are likely at the larger end
of the spectrum. A field-collected 60 cm SVL
fernale D. p. regalis from Arizona contained
three large eggs {mean length 44 mm, mean
width 11.3 mm) that hatched after 52 days of
incubation (Vitt 1975). The neonates were
16.9-18.8 cm long [mean 18 cm). Gehlbach
{to6s) reported one female D. p. regalis carry-
ing 18 eggs. Estimates for size at maturity for
D, punctatus range from 17.8 to 18 cm (Wright
and Wright 1957, Myers 1965}, but given thal
hatchling D. p. regalis can be this large, they
likely mature at a larger size. Development
times to maturity in D. punciatus can take 1-3
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 20013}, 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 communal denining and repeated use
af the same hibernacula in multiple years
(Parker and Brown 1g74). it iz unknown
whether California populations of D. p. regaiis
also show this behavior. Field-active body tem-
peratures across several populations of 5. punc-
tatus range from 2.¢°C to 34.4°C (Clarke 1958,
Erattstrom 1963, Fitch 1975, Mitchell t9g4).

Diadophis punctatus regalis is a mildly ven-
amous rear-fanged colubrid snake, using
enlarged posterior teeth to deliver venoin to



prey such as snakes and lizards (Gehlbach
1974, Anton 1994, Hill and Mackessy zooo0,
O’Donnell etal. zoo7). In addition to subduing
peey, copious salivation has been observed as a
defensive response in D. p. regulis {Blanchard
1942). While D. punctatus is a generalized
predalor, southweslern pepulations, including
D, p. regalis, have a diet composed of propor-
tiohately more reptiles {Gehlbach 1974) than
other populations, which tend to consume a
greater fraction of amphibians and earthworms
{Ernst and Ernst 2z003),

Habitat Requirements

In California, Diadephis punctaius regelis
appears ta be restricted to riparian areas sur-
rounding desert springs. Snakes have been
found in Death Valley in Inyo County in heavy
ripatian vegetation within 5 m of surface water
(Emmerich and Cunningham 2003} and at
Pachalka Spring. Clark Mountain, San Ber-
nardino County, near the spring head {Woad
and Richmond zo03}. Outside of California, D.
p. regalis have been found in evergreen wood-
land, deciduous woodland, desert grassland,
oak-juniper, and succulent desert 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. It is
known 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 meuntain ranges where this
taxon occurs. Qutside of Califarnia, the subspe-
cies occurs in parts of Idaho, Utah, Nevada,
Arizona, New Mexico, Texas, and Mexico {Ernst
and Ernst 2003). The Great Bagin lineage
defined by Fontanella et al. {2008} ranges from
southern New Mexico north to southern Idaho
and berween roughly the Sierra Nevada Moun-
tains in the west and the Guadalupe Meountains
in the east. Much of the Great Basin clade is

restricted to patches of suitable mesic environ-
ments surroutided by less hospitable xeric 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. Figher, pers. comm.}.

Noture and Degree of Threot

The small and patchy distribution of Diadophis
punciatus regalis in California makes il at risk of
extirpation. Its dependence on rare desert
spring habitats is an additional risk factor, par-
ticularly because these spring habitats are
threatened by overexpleitation of groundwater
resources. Because of their reliance on mesic
habitats in an arid matrix, D. p. regadis may also
be sensitive to climate changes that affect the
timing and amount of precipitatien. While
there is a large degree of uncertainty in how
rainfall patterns will change within its range,
most studies predict decreases in mean annual
rainfall of up to 40% {reviewed in PRBO 2011).
In addition to decreases in mean annual rain-
fall, the number of extremely hot days where
temperatures exceed the long-term g5th per-
centile is expected te increase by roughly 30
days a year {Bell et al. zo04). If conditions
become warmer and drier, this eould negatively
impact D. p. regulis habitat.

Status Determination

Diadophis punctatys 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 desert. 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.

Management Recommendations

Protecting desert springs and associated mesic
habitat patches is a 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 Diadophis purctatus
regalis. It is difficult to make further manage-
ment recomimendations given the lack of infor-
matinn on this taxon's ecolegy in Califarnia nr
similar habitats.

Menitcring, Kesearch, and Survey Needs

Given the inhospitable nature of habitat
between occupied patches, long-distance dis-
persal events prabably do not accur, and it is
unlikely that populations in California are
demographically connected. The extremely iso-
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lated nature of most of their desert habitat and
their relatively shorl surface activity period also
make increased surveys an imporktant priority
for this taxon. Increased genetic sampling
would help determine patterns of connectivity
between fragmented southwestern popula-
tions, and we strongly encourage all feld sur
veys to take nonlethal tissue samples of any
specimens that ate encountered. Given that no
pepulation study has been conducted within
California and the unique habitat requirements
of the taxon, additional work quantifying the
basic ecology and life history of Diadophis punc-
tatus regadis is badly needed.









Taxonomic Relationships

Brattstrom and Warren (1953) described Masti-
icophis flagellum ruddorki as a subspecies based
an marphological characters including dorsal
colotation, the lack of dark neckbands, and a
relatively low number of subcaudal scales.
Analysis of mitochondrial DMNA from Califor-
nia populations supported the uniqueness of
M. { ruddocki, corroborating the marphological
data {Mitrovich 2aa6).

Life History

Very little is known about the life history of
Masticophis flagellum ruddocki. In general, M.
Fagellum is an extremely active diurnal snake
that prefers warm temperatures (Brattstrom
1965, Hammerson 19%77). Home ranges are sus-
pected to be large, but no movement data are
available for this subspecies (R. Hansen, pers.
comm. in Jennings and Hayes 19g94a). Prefer-
ence for warm temperatures results in late-
geason emergence (April May), and daily sur-
face activity corresponds to the warmest parts of
the day (Hammerson 1977). 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 1995). Mating is thought
to take place in May, with oviposition occurring
in June or July {jennings and Hayes 19g94a).
Adults may cease surface activity and retreat to
mammal burrows as early as August (pers. obs.
in Jennings and Hayes 1994a).

Like other members of the M. flagellum
complex, the diet of M. [ ruddocki is presuma-
bly gencralized on vertebrates, including laige
prey like antelope squirrels {Ammaspermophilus
nelsoni), blunt-nosed leopard lizards (Gambelin
sila), and whiptails (Aspidoscelis tigris) {Monta-
nucci 1965, Tallestrup 1g7g; 5. Barry, pers.
comm.; R. Hansen, pers. comm.; §. Sweel,
pers. comm., in Jennings and Hayes 1994a}.

Habital Requirerments

Mausticophis flagellum ruddecki occurs in open,
dry areas with little or no tree cover {Morafka
and Banta 1976). Valley grassland and saltbush

scrulr habitats are used in the western San
Joaquin Yalley (Montanucci 1965, Banta and
Morafka 1gG8, Tollestrup 1979, Sullivan 1981;
pers. obs. in [ennings and Hayes 1g9g4a).
Spring road cruising surveys from 1972 to 1979
in eastern Alameda and weslern San [oaquin
Counties found M. f. ruddacki in grassland and
transitional habitat but not in mixed oak
chaparral woodland {Sullivan (gB1). Mastice-
phis flagelium ruddocki will climb into bushes,
apparently lo scan for predators and prey or to
seek cover (Cunningham 1955, Stebbins 2003).
Mammal burrows are used for overwintering
and possibly also for oviposition (Jennings and

Hayes 1994a}.

Distributian {Past and Present)

Masticophis flagellum ruddocki is endemic to
California, with a small range extending fram
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
1951, Jennings and Hayes 1994a). A disjunct
popuiation occurs in the Sutter Buites (Hayes
and Cliff 1982).

Much of this subspecies’ historic rarige has
undergone dramatic land use changes from
grassland to intensive agriculture in the Cen-
tral Valley. Masticophis flagellum ruddocki is
thought 1o be sensitive to disturbance and does
not persist inl cultivated areas (Ernst and Ernst
2003; 5. 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 lower abundances than in preagri-
cultural times.

Nature and Degree of Threat

Habitat loss and frapmentation due to agricul-
ture and urbanization are the major threats to
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Musticophis flagellum ruddecki. As with other
diurnally active, highly mebile snakes, road
mortality is probably a significant source of
morlality, 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 to increase by up to
50% (Fried et al. 2004, Lenihan et al. 2008),
and the probability of large (>200 ha} fizes is
predicted to increase (Westerling and Bryant
2008}, Modest decpeases in the probability of
large wildfires are expected in the San Joaquin
Valley. How M. J. ruddoecki may respond to
increased fire needs more study. Fire may have
direct mariality effects on snakes and negative
effects on prey populations bul may also benefit
M. [. ruddocki by increasing of maintaining the
availability of open habitat. Under climate
change projections, grassland habitat is
expected 1o increase by up ta 140% in the
coastal part of the range, with little change in
vegetation expected in the Central Valley {Leni-
han et al. 2008, PRBO zo11}. These vegetation
shifts may result in additional potential habitat
for M. f ruddocki.
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Status Determination

Masticophic flagellum ruddecki 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.

Maragerment Recommendations

The lack of basic ecclogical irtformation on this
subspecies needs to be addressed before any
meaningful manapement can be accomplished.
At a minimum, remaining large habitat frag-
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, information on
reproductive bielogy, movement ecelogy, popu-
lation sizes, and fragmentation is key priozity
for future work. Some large habitat fragments
are currently protected from some kinds of
human disturbance (e.g., the Carrize Plain
National Menument) and provide suitable areas
to begin studying basic ecelogy and habital
Tequirements in this taxon.









other specics, and by color. Masticophis {lagel-
lum piceus is reddish to pinkish above, with
dark bands at the neck. California whipsnakes
(M. lateralis) have a conspicuous light stzipe on
either side, Racers {Coluber constriclor) are pale
green or dark above (brown, olive, or hluish) but
have unmarked white to yellow ventral surfaces
{Stebbins 2003).

Taxonomic Relationships

We follow Grismer’s {2002) proposal that Mas-
ticophis fuliginosus is a full species, rather than
a subspecies of M. flagelum. This arrangement
is based on a lack of intergradation with neigh-
boring M. f piceus {Wilsen 1971, Grismer
1994). Analysis of a single mitochondrial DNA
gene from 229 M. flageilum individuals (includ-
ing 30 M. fuliginosus) from 3o localities in
southern California supported the genetic dis-
tinctiveness of M. fuliginosus (Mitrovich 2006).
However, 4 out of 30 snakes identified in the
field as M. fuliginosus had mitochendrial DNA
sequences that were most closely related to M. £
piceus (Mitrovich 2006). This could be due 10
hybridization or incorrect identification in the
field, as the study was conducied on tissues
without voucher specimens. Further resolution
of this problem with multiple nuclear DNA
markers would likely help to clarify the taxo-
nomic status of this species.

Life Ristory

Very little is known about the life history of
Masticophis fuliginosus in California. In gen-
eral, Masticophis are extremely active diucnal
snakes that prefer warm temperatures
(Brattstromn 1965, Hammerson 1977). In south-
ern Baja California, M. fuliginosus can be active
year-round, but in the northern part of the
range, they tend to be inactive in winter and
emerge in mid-March {Grismer 2002}, Activity
in San Diego was ohserved to be greatest in
spring and suymmer and greatly reduced in the
fall {Mitrovich et al. zoon}. Mating has been
observed in northern Baja California in late
April, and hatchlings have been seen in early
August (Grismer 2002),

Radiotelemetry of 24 snakes in two reserves
in San Diego County found large vaciation in
home range 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 smaller habitat
fragments. No differences in potential prey
were detected among sites where snakes had
different home range sizes. The diet of M. fulig-
inosus, like its close relative M. flagellum, is
broad and includes a variety of vertebrate prey
such as lizards, snakes, birds, and mammals
(Cliff 1954, Grismer zooz}.

Habitat Reguirements

Masticophis fuliginosus is a habitat generalist
throughout Baja California, Mezico, and is
cammon in marshlands, coastal sand dunes,
tocky arroyos and hillsides, thorn forests, sandy
flals, and scrub vegetation {Linsdale vg3z, Cli{T
1954, Leviton and Banta 1964, Bostic 1971,
Welsh 1988, Grismer zo02). [n California, M.
Juliginosus occurs mainly in coastal sand dunes,
shrubland, and grassland, and is most com-
monly observed foraging in bushes and shrubs
{Linsdale 5¢32, Bostic 1g71, Welsh 1988, Gris-
mer 20032}, Hollow stumps of plants such as
agave and yucra are used as retreats (Bostic
1971, Grismer zooa).

Distribution {Past and Present)

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

A resurvey of Klauber's {1919) sites in
southern California found that M. filiginosus
was absent from some previously eccupied sites
{Fizher and Case 2000, Case and Fisher 2001;
R. Fisher, pers. comuri.), suggesting that the
species has declined in the last seven decades.
However, the full extent of local extirpations is
unknowrl.
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Trends in Abundance

While data an abundance across the range are
not available, some reductions in abundance
ate liktely to have occurred due to development,
road mortality, and frapmentation. This species
may be particulaily proae to death from auto-
mobiles given its large home range size and
high level of diurnal activity {Mitrovich et al.
z009]).

Mature ond Degree of Threat

Masticophis fuliginosus in California are mainly
threatened by habitat loss, fragmentation, and
road mortality due to development, as well ag
the inherent demographic threats associated
with a very small geographic range. Climate
change may affect M. Juliginosus through
changes in fire regime and vegetation shifts.
However, both increases and decreases in fire
have been predicted, and there is little consen-
sus because of the difficulty in modeling Santa
Ana weather events in southern California
(Westerling et al. 2004, Westerling and Bryant
2008). How M. fuliginosus may respond to
chanpes in fire regime is unknown. Climate
change is predicted to decrease the availability
of chaparral and shrubland hy up 1o 44%, while
grassland is predicted to increase by up to
190% in southern California {Lenihan et al.
2008, PRBO 20r11). Though M. fullginous 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
Calilornia, making it more susceptible to
decline than it otherwise would be.
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Status Determination

Masticophis fuliginosus hag an extremely small
range in California that occurs entirely in an
area with substantial urban, military, and agri-
cultural development. However, the exteni of
extirpation and population decline is poorly
documented, resulting in a Prictity 3 Species of
Special Concern designation.

Marnagerment Recommendations

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

Monitoring, Research, and Survey Needs

Drift fence arrays with funnel traps have been
successfully used to document the presence/
absence nf Masticophis fuliginesus in California
{Fisher and Case 2000), and mark recapture
dala to establish pupulation sizes are essential
for future management, Additional genetic
dala would complement existing mitochendrial
DNA data and radiotclemetry research, respec-
tively. Specifically, such data are needed to fur-
ther resalve the taxonomic status of this snake
and te provide information on landscape-level
population structure. The efficacy of road-
crossing structures should be investigated for
this species.









of its range, §. . virguliea is parapatric with the
Mojave patch-nosed snake (5. h. mojavensis)
and the desert patch-nosed snake {S. h. hexa-
lepis), and it intergrades with both {Bogert
1945). [n 5. h. mojavensis, the supralabials usu-
ally do not reach the eye, and the dark latezal
coloration is sometimes less pronounced and
may be somewhat discontinuous. Salvadera
hexalepis hexalepis usually has one supralabial
reaching the eye but has a wider dorsal stripe
{usually three scale rows wide) than 5. h. vir-
gulter. The spotted leafnosed snake (Phyflo-
thynchus decuriatus) occurs along the eastern
edge of S. h. virgultea’s range and also has an
enlarged rostral scale. This species dilfers in
having a light-brown spatted pattern on the
dorsal surface and attaining much smaller
adult sizes [to 51 cm TL) (Stebbins 2003}

Taxonomic Relationships

Salvadora hexalepis virgultea was frst recog-
nized primarily on the basis of coloration,
although some scalation characters also dilfer-
entiate it from other subspecies of the S. hexa-
lepis complex (Bogert 1935, Bogert 1943).
Genetic analysis of differentiation among the
subspecies has not been undertaken and repre-
sents a clear need for future research. The
placement of Salvadors within the colubrine
phylogeny is alse uncertain and requires
clarification.

Life Histary

Salvadorz hexalepis virgultee is a medium-sized,
active, diurnal snake, yet remains exceedingly
poarly 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
ather species and subspecies within Salvadora
and assume that many aspects of the life his-
tory are similar among members of the com-
plex. This subspecies is most active in May and
June, and its normal seasonal activity period
appears to extend from March until October. In
Ventura County, warm (and presumably active)
individuals have been found under stones

between January and March (5. Sweet, pers,
commm.). Individuals found in December and
January in popher burrows and woodrat nests
were cold and presumably dormant (5. Sweet.,
pers. comm.). Specimens have been docu-
mented in the literature in all months except
January and February (Klauber 1939, Grismer
2002}, and more recent (19g5-2011) USGS pit-
fall trap data have documented captures in
January {three records} and February {one
record; €. Rechester, unpublished data}, Breed-
ing has been observed in late Aptil, with hatch-
lings appearing between mid-July and October
(Klauber 1931, Grismer acoa), perhaps indicat-
ing that multiple clutches may be laid in a sin-
gle year. Other members of the penus are ovipa-
tous, and we expect that S. h. virgullea is as
well, although eggs have never been described
(Wright and Wright 1g57}.

Salvadera primarily eats lizards and proba-
bly specializes on whiptails (Aspidoscelis spp.)
{(Cunningham 1959b, Grismer 2c0z, Lemm
2000}. The diet of 5. k. virgultea has not been
described, but ather members 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 193g). Sev-
etal members of the complex are also known to
feed on other small lizards, mammals, and
snakes (Stebbins 2003). The enlarged rostral
scale may be an aid for digging and pessibly a
gpecialization for feeding on lizard eggs (Gris-
mer 2002, Lemm zoo8), although this behav-
ior hag never been described in 5. h. virgultea.
Salvadora species have enlarged rear teeth, sug-
gesting that they may envenomate prey. The
saliva of Salvadara has not been studied, though
Grismer (2002} observed an A. tigris that died
soon after being bitten by a Baja California
patch-nosed snake (S. h. kiauberi).

The movement ecology of 5. h. virgultee is
unknown. Like other members of the genus, it
18 a fast and active species that is probably active
at higher terperatures than most other diurnal
colubrids {Jacobson and Whitford rg71). The
species readily climbs and has been found
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foraging in brush, off the ground {Grinnell and
Grinnell 1907, Lemm 2000; 5. Sweet, pers.
comm.}. The species probably ranges widely, as
de ather large diurnal colubrids.

Habitat Requirements

Salvadora hexalepis virgultea shows an apparent
preference for brushy chaparral habitat {Bogert
1935, Grismer 2002}). Klauber {1939} lecated 35
specimens in “Heavy brush, Chaparral” habitat,
which was more than the number found in all
other habitat types combined. [n Baja Califor-
nia, they are also often seen in riparian areas in
the vicinity of Tecate {Grismer 2002). In Cali-
fornia unpuhlished data suggest that this spe-
cies has a preference for chamise and red shank
and oflen basks at or near the tops of bushes (S.
Sweet, pers, camrmn.). 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
roastal sage scrub habitat in the San Gabriels,
At two burn sites in southern California, brush
was reduced, Aspidosceliz numbers increased,
and 8. h, virgutea numbers remained stable or
increased (C. Rochester, pers. comm. ), sugpgest-
ing that prey abundance may be at least as
important as vegetation per se. € the species is
a wide-ranging predator, it may be susceptible
o habitat fragmenlation. Because a large com-
ponent of its diet probably consists of Aspidos-
celis species, S, A. virgultea may be susceptible to
decline in areas where Aspidescelis are declin-
ing. The two species found within its range, the
orange-throated whiptail {A. hyperythra) and
the coastal whiptail (Aspidoscelis tigris stejneg-
eri}, are both under threat. Aspidoscelis hyper-
ythra is a Watch List species, while A. t. stejreg-
eri is a Priority 3 Species of Special Concern
{see accounts, thisg 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 (Jennings and Hayes r994a, Lemm
2006). The eastern edge of the range extends
to the vicinity of Campo. San Diego County:
Banning, Riverside County; and San Ber-
nardino, San Bernardino County {Bogert 1935}.

Today. the species is declining or absent
from large areas of the Los Angeles basin and
along the coast to San Diego (Jennings and
Hayes 190944, R. Fisher, pers. comm.}. Survey
data are available from Torrey Pines State Park
where this species was formerly present. [t has
not been re-documented there despite intensive
trapping efforts {Wells 1gg8).

Trends in Abundance

No historical or current abundance data exist
for this taxow, and anecdotal reports are rare
and inconclusive, Records in sauthern Califor-
nia are infrequent (Lerm 2006}, although this
taxen may be more commonly encountered in
ripatian areas south of the United States—
Mexico border {Grismer 2002). The species
may have historically been rare in California.
Klauber {1g24) reported only two specimens
despite intensive collecting efforts spanning
2 years and stated that “it seems te be uncom-
mon.” Bogert {1930) also noted that it was
“uncommon in the chaparral” USGS pitfall
data far San Diego, Orange, and Los Angeles
Counties collected between 1995 and 2011 indi-
cate that 2.6% of snake captures were Saivadors
hexalepis virgultea (123 captures out of 4680
total snake captures), compared to 3.8%
{G1/1501) of captures for daytime road driving
1ecords for snakes recorded by Klauber (1g39).
These data confirm that this taxon is relatively
uncommeon and may suggest a modecate
decline over the last 6o years.

Noture and Degree of Threal

The declines in Selvadorz hexalepis virgulieaare
most likely due to the conversion of the pre-
ferred brushy habitat to other vegetation types.
Development of rangeland, combined with
increasingly frequent and intense wildfires, has



converted large blacks of chaparral habitat to
grassland [R. Fisher, pers. comm.)., which
appears to be unsuitable for this species {Jen-
nings and Hayes 1994a; 5. Sweet, pers. comm.).
Climate change may exacetbate the intensity of
wildfires in southern California {Cayan et al.
20a38b). altheugh current models range from a
29'% decrease to a 28% increase in wildfires in
the region (PRBO 2011). Hawever, climate
models for 2o07c project an estimated 38-44%
decrease in the chaparral/coastal scrub habitat
preferred by this species. Ongoing urbaniza-
tzon in the populated areag within this taxon's
range is alsa destraying, degrading, and frag-
menting large areas of remaining habitat. Sal-
vadora hexalepis virgultea’s probable preferred
prey, Aspidoscelis lizards, are also in decline,
which could cause rascading declines in snake
populations. Finally, diurnally active widely for-
aging snakes are particularly affected hy road
mortality, and the volumie of vehicular trafficin
much of its range is large and increasing.

Stetus Determination

Salvadora hexalepis virgulten has a relatively
small range in California and has disappeared
from significant areas centered in the southern
portion of its range where it was farmerly
known. It continues to lose habitat, which is
also causing declines in a significant compo-
nent of its prey-base. Hahitat loss, due to direct
anthropogenic changes, climate-change-driven
habitat loss, and wildfite, 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.

Murnagement Recommendations

The primary management goal for Salvadore
hexalepis virgultea should be 1o protect large,
intact patches of brushy chaparral and/or
coastal sage scrul habitat that support this
snake. Ideally, these patches should be those
that are least likely to be directly affected by
future climate change. Pending further study
of the species’ movement ecology, habitat pro-
tection elforts should focus on remaining large

blocks of intact habitat. Habitat fragmentation
from roads is a key issue in these efforts. Road
overcrossings, if installed for other taxa, may
function as a means to avoid habitat fragmenta-
tion. A key element of effective management is
to maintain large, healthy populations of Aspi-
doscelis hyperythra and Aspidoscelis tigris stefneg-
eri, since they appear to form the primary prey
base of this smake. As declines in those species
are zlso linked to habitat loss, management
efforts among these species should be
coordinated.

Manitoring, Research, and Survey Needs

Much remains to he learned about the life his-
tory and ecology of Salvadora hexalepis virgullea
in California. Surveys employing pitfall Lraps,
snake traps, and daytime surveys should be
underlaken 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
suggested 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 specifcally
on diet requirements, habitat utilization, and
their interaction are badly needed, and the lack
of thig basic knowledge undermines our ability
to effectively manage this snake. Specifically,
the extent to which this taxon specializes on
Aspidescelis, as opposed to utilizing alternative
prey, needs to be determined. Basic data on
home range size and movement patterns, and
how they may vary as a function of vegetation,
are entirely lacking, and sorme aneadotal obser
vations suggest that they may vary across the
species’ range. These data are necessary to
determine what habitat blocks are most itmpor-
tant and how large they should be to ellectively
canserve this taxon.

Variation within the S, hexalepis camplex
has not been examined since the initial species
description, and a penetic analysis has never
been undertaken. A three-pronged genetic
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analysis is critical. First, a systematic charac-
terization of the Sglvadora species complex
should be undertaken utilizing multiple inde-
pendent nuclear martkers. This will serve to
clarify the reality of species and subspecies as
valid evolutionary units and confirm their
respective boundaries and range limits. Sec-
ond, a phylegeogtaphic 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 mipgration 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.









bas one ot two rows of small, alternately spaced
dark spots on each side of the dorsum between
the lateral stripes (Fitch 1940, Fox 1951, Laxscn
1984, Stebbins 2003). The striped/non-spotted
motph either lacks dark spots on the dorsum or
only has very small ones next to the lateral
stripes on the anterior part of the body {Larson
1984, Slebbins 2003). Other color variants
include non-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 1980, Larson
1984, Stebbins 2003). A melanistic morph,
sometimes with obscure laleral slripes and/for
spots, occurs along the outer coast from Oceano
to San Sirmeon State Park in San Luis Obispo
County, and can be expected from Gaviota State
Beach in Sania Barbara County to Monterey
Bay {Bellemin and Stewart 1977, Larson 1984,
Stebbins 2003). All color morphs exhibit vary-
ing degrees of light flecking dorsally due to
whitish pigment ¢n the inter-scale skin and
margins of scales {Larson 1984). Dark green
and dull red color morphs occur in northeast-
ern Yentura County {Stebbins 2003).

The lack of a vertebral stripe and absetice of
red coloration on the head and sides distin-
guishes T. hammondii from the co-occurring
aquatic garter snake (T, atratus), the western
terrestrial garter snake (T. elegans), and the
commor garter snake (T. sirtalis).

Taxenemic Relationships

Like several other garter snakes, Thamnophis
Armmondii has a complex taxonomic history,
This species has at various times been consid-
ered a subsperies of the Sierra garter snake (T.
cowchil) {eg.. Coopet 1870, Rossman 1979,
Lawson and Dessauer 1979), the northwestern
garter snake (T. ondineides) (e.g., Grinnell and
Camp 1917}, and the western tarrestrial garter
snake (T elegens) (e.g., Fitch 1948). Rossman
and Stewart (1987) most recenily elevated T,
hammondii to full species status. McGuire and
Grismer (1993) synonymized the Baja Califor-
nia Sur garter snake (T. digueti) with T
hemmondii,

Life History

In California, Thamnophis hammondii 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. 79g6). Ervin and Fisher (2001) reported T.
hammendii foraging and basking at a site in. San
Diega County from early February to October.
Rathbun et al. {1993} conducted surveys in San
Simeon State Park and nearby Pico Creek in
San Luis Obispo County and found that large
snakes (>30 cm} were most oflen 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 strongly aflected by the availabil-
ity of surface water (E. Ervin and R. Fisher,
unpubtished data}. Southern populations
receive less rainfall and experience greater vari-
atien in rainfall, likely resulting in sherter and
less predictable activity periods than northern
pepulations.

Mating has been observed in the ficld in late
March (Cunningham 1959b), and females are
known to store sperm (Fox 1956, Stewart 1972).
Like all members of the genus, T. hammondii 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 average of 15.6 off-
spring from 7 litters (range 3—36). Young were
batn in Jate July and August and were 20.3-21.7
cm TL {R. Hansen and R. Tremper, unpub-
lished data in Rassman et al. 1996). Cunning-
ham (1959b) found a 46.1 cm SVL female that
contzined 6 embryos. Another 64.¢ cm SVL
female contained 19 eggs (Cunningham
1950b). Males nature at 37.3 em SVL and
females at 38.8 cm (Wright and Wright 1957).

Cunningham (1966) reported a mean bedy
temperature of 14 feld-active individuals of
22.6°C (range t8.G-31.8°C}. Five of these ani-
mals were swimming in water between 14°C
and 27°C (Cunningham 19566}, Inactive snakes
found under cover objects had body ternpera-
tures ranging from 7.2°C te 23.6°C {Cunning-
ham 1966},
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One radiotelemetry study has collected data
on the movement ecology of this species at San
Simeon State Park (Rathbun et al. 1993). 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 fernales were 1498.9
t847.6 m* {mean + s.d.), although the duration
of the study was short (range 4-2¢9 days), and
activily may have increased with more time.
Average winter aclivity ranges for two females
and one male were 3395.7 + 4803.5 m*® (mean =
s.d.), with animals tracked for 29-57 days.
Average daily distance to water was 7.2 m in
summer, 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
eggs, frogs, salamanders, leeches, and earth-
worms (Yan Denburgh 18g7, Klauher 1931,
Fitch 1940, Fitch 1941, Cunningham 1959b,
Bell and Haglund 1978, Rathbun et al. 1993,
Rodriguez-Robles and Galina-Tessaro a006).
This species will eat introduced prey, such as
sunfish, African clawed frogs, and bullfrogs
{Ervin and Fisher zo01, Mullin el al. zo04,
Ervin and Fisher 2007).

Habitat Requirements

Thamnophis hammondii is among the most
aquatic of the garter snakes and is often found
in ot near permanetit and intermittent fregshwa-
ter streams, creeks, and pools (Grinnell and
Grinnell 19o7, Fitch 1940; R. Hansen and R,
Tremper, unpublished data in Rossman et al.
19946). Associated vegetation types include wil-
low, cak woodlands, cedar, coastal sage scrub,
sparse pine, scrub oak, and chaparral (R.
Hansen and R. Trempet, unpublished data, in
Rossman et al. 1690, Ernst and Ernst 2a003).
Thamnophis hammondii will also use artificial
aquatic habitats such as cattle ponds (Jennings
and Hayes 1994a, Ervin and Fisher zoag, Ervin
and Fisher z007).

Surveys in San Simeon State Park in San
Luis Qbispo County from July to December
1992 resulted in 45 snake sightings: 33.1% on
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land, §3.3% 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 vegetation {e.g., herbs and prasses}, 28.9%
in tal vegetation (e.g.. cattails), 11.1% in open
areag with no vegetation, and zero in wooded
areas {e.g., willow; Rathbun et al. 1gg3}.

Habitat and movement ecology may vary
seasonally, although this requires further
study. Thamnophis 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 stream-
side habitats moare in the summer, while
chaparral and grassland upland sites were used
for overwintering {Rathbun etal 1993). Ninety-
five percent of diurnal locations of radie-tracked
animals were on land, usually underground.
Animals were undergreund, presumably in
rodent burrows, in 87.9% of locations on land
(Rathbun et al, 1993}, Two of the animals had
home ranges 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
1o 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 hammondii occars in California
from Salinas, Monterey County, south along
the coast inte Baja California, Mexico, occur-
ring in the South Coast, Peninsular, and Trans-
verse ranges {Boundy 1990, Ely 1992, McGuire
and Grismer 1993). 1solated populations also
occur in Baja California Sur and on Santa Cata-
lina Island {Brown 1980, Stebbins z003}. While
T. kgmmondii occurs mostly west of the deserts
in California, there are populations in some
perennial desert slope streams in San Ber-
nardino, Riverside, and San Diego Counties
(Perkins 1938, Fitch 1940, Boundy 199a). The



elevational range is from sea level 1o 2450 m
{Atsatt 1913}, Jennings and Hayes (1g9944) esti-
mated that 7. hammondii has been extirpated
from ~40% of its historic range in California
during the secand half of the twentieth century.
This snake may be patchily distributed even
when abundant suitable habitat is available. For
example, snakes were readily observed at San
Simeon Creek, 5an Luis Obispe County, in
1992, but similar habitat about § km away in
Pico Creek had very few snakes, even though
the latter experiences less human disturbance
{Rathbun et al. 1993},

Trends in Abundonce

Declines in abundance appear to be less severe
in the southern compared to the nozthern part
of the range, hut few quantitative data are avail-
able to support this 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 nol necessarily reflect
mortality and declines (E. Ervin and R. Fisher,
unpublished data). Thamnophis hammendii
were rare in Carmel River fish traps in zoo3-
2005 {5. Barry, unpublished data) and were
never encountered in extensive feldwork in
and near the Hastingg Reservation in the upper
Carmel Valley from 1992 to 1998 {B. Shaffer,
unpublished data). [ennings and Hayes (19g4a}
noted that 7. hammandii was commen only in
San Diego 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 forests {S. Barry, pers., comm.}. The
Santa Catalina Island population was reported
as small {-30 individuals) and isolated in the
19705 (Brown 198¢c) 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 construction, and flood
control (Jennings and Hayes 19g.4a). Further

north, declines are suspected to have been
caused by a combination of factors including
habitat modification by livestock, predation by
intreduced vertebrates, loss of native prey, and
drought (Jennings and Hayes 1994a). How-
ever, negative intetactions with nonnative spe-
cies have not been well documented, and in
some cases T. hammondii may benefit from
availability of introduced prey. Reliance on
aquatic habitat and prey may contribute to
drought sensitivity in this species (Jennings
and Hayes 1994a; R. Fisher, pers. comm.).

Under climate change, mean annual tem-
peratures are projected to increase throughout
the mnge of T. hammondii, with warmer win-
ters and summers and eatlier spring warming
expected [reviewed in PRBO 2011). There is less
certainty about future precipilation patterns,
with estimates ranging from little change to
roughly 30% decreases in rainfall {Snyder and
Slean 2005, PRBO 2011}, Snowpack reductions
of up ta 9o% are predicted in the southern part
of the range (Snyder et al. 2004). Warmer and
potentially driet conditions may affect availabil-
ity of intermittent and ephemeral waler bodies
and thereforc limit activity. In the more north-
ern part af the range, the probability of large
(200 ha) fires is cxpected 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
chauge 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 2008). How T, hammondii may
respond lo fite needs to be studied. Fire may
have direct mortality effects and may alter
aquatic and terrestrial habitat quality. Predicted
vegetatiou shifts due to climate change include
decreaseg in chaparral, shrubland, and wood-
land, and increases in grassland area {Lenihan
et al. 2008, PREO zo011). The impact of these
shifts on T. hammeondii populations will likely
be negative.
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Status Determination

Thamnophis hammondii has undergane declines
and extirpations and occurs in an area of high
human population density and development.
1esulting in a Priority 2 Species of Special Con-
cern status,

Muanagement Recammendations

Given this species’ association with aquatic
habilat and apparent willingness to use artifi-
cial habitats, restoration of aquatic habitat and
supplementation with artificial wetlands
should be explored as a management option in
extirpated sites. Eradication efforts aimed at
nonnative aquatic species should consider the
potential effect on T. hammondii populations,
particulacly if native prey is not abundant (Mul-
lin et al. 2004}. Rathbun el al. (1g93) docu-
mented the use of upland terrestrial habitat by
T. hammondii, and the potential importance of
rodent burrows for overwintering. In order to
maintain access to these habitats, they sug-
gested protecting terrestrial habitats within
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soo 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 are
well trained to distinguish among Tharuopkis
speries. Additional data on movement ecology
and habitat requirements are also necessary to
facilitate the design of protected areas around
known zquatic habitats and to inform possible
restoration efforts. The degree to which T. ham-
mondii is dependent upon introduced prey
should be assessed, and the quality of those
introduced prey compated to native prey should
be evaluated. It may be necessary to manage for
both 7. hammondii and native prey populations
simulaneously for eflective recovery. Finally,
landscape genetic data on the degree of differen

tiation at the regional and watershed levels would
be valuable both for the identification of manage-
ment units and for passible repatriation efforts.









potentially co-occurs with the coast garter
snake (Thamnophis elegans terrestris) and the
two-striped garter snake (T hammondii) (Steb-
Lins 2003].

Taxonomic Relationships

Some sources consider coastal garter snake
pepulations from southern California to be
California red-sided gatter shakes {Thamnophis
sirtalis infernalis) {e.g., Barry and Jennings 1998,
Stebbins 2003) and others refer to them as red-
spolted garter snakes (T. 5. concinnus) (e,
Boundy and Rossman 19gs, Janzen etal. zooz).
Jennings and Hayes (1994a) based their evalua-
tion of the putative taxon, the South Coast garter
snake, on personal communications with |.
Boundy and S. Sweet. Morphological and
genetic studies that will help to clarify the status
of this taxon are still pending. One study is a
comparison of color and morpholngical varia-
tion among T. sirtafis from the south coast, cen-
tral coast, and central valley of California (E.
Ervin, pers. coinm.; C. Mahrdy, pers. comm.}. A
phylogeographic study by Janzen et al. {(2002)
looked 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, pers. comm.).

Life History
While the species Thamnophis sirtalis is one of
the most well-gtudied North American snakes
{Rossman et al. 1996}, very little is known
about populaticns from southern coastat Cali-
fornia, Given that T. sirtalis is extremely wide-
spread, occurring throughout much of Canada
aud in all but one state in the continental
United States, life history variation among
populations is pronounced {reviewed in Ross-
man et al. 1996, Ernst and Ernst 2003). We
therefore limit our discussion to very genera! T.
sirtalis biology and documented information
from California where possible.

Like atl members of the ganus Thamnophis,
young are live-born from midsummer to early
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fall. Cunningham (1g59b} reported that an 8g
cm SVL female T. sirtalis from Tapia Park, Los
Angeles County, gave birth in late Augustto 20
young (18 live) that were about 25 cm in TL.
Another 59 cm SYL female from the same area
was carrying 12 embryos {Cunningham
1959b}. A single fernale fiom farther north in
San Benito County gave birth to six young, also
it late August (Banta and Morafka 1668). Else-
where, averape litter sizes range from 7.6 in
British Columbia (Gregory and Larsen 1993} to
32.5 in Maryland {McCauley 1945). Neanates
range in size from 15 cm SVL {Manitoba; Gre-
gory 1977, Gregory and Larsen 1993, Larsen et
al. rgg3) to 20 cm SVL (Lassen County, Califor-
niz; Jayne and Bennett 199o}. Fernales mature
at SVL of 43-97 ¢m, and males mature at 36-13
cm SVL, although this trait is highly variable
across populations (Rossman et al. 19g6). Time
1o maturity can take up to 4 years in some pop-
ulations {e.g.. Lassen County; Jayne and Ben:
nett 1gge). The proportion of females that are
reproductively active in a given year ranges
from 29% to 88% across populalions {summa
rized in Rossman et al. 1996), suggesting that
nol every female breeds every year.

Thamnrophis sirtalis can be active year-round
in some southern localities (e.g., the Florida
Everglades; Dalrymple et al. 1g91). Riithling
{1915) anecdotally reported that T. sirtalis was
rarely encountered around Los Angeles in the
winter. Hansen and Tremper {unpublished
data in Rossman et al. 1996) note that lowland
California T. sirtslis are active froin February to
CGctober, 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, a primary
prey item, are breeding {Ernstand Ernst 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 Ressman et al.
19906},

Thamnophis sirtelis are generalized preda-
tors (reviewed in Rossman et al. 1990).
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However, diet data are not available from the
southern range of T. sirtalis in California. Data
from northern populations show that anurang
are a large part of the diet. Anurans were the
most common prey observed eaten by Califor-
nia T. sirtalis, comprising 58%6 af prey items (n
= 48 snakes, localities include Siskiyou and
Humboldt Counties; Fitch 1941}, Also con-
sumed were earthworms (24% of prey items},
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 Coumnty,
1555 m}, tegurgitation of 36 adults revealed that
33% of individuals contained anurans (mostly
western toads, Bufo boreas), and 9o% of prey
items wete anurans (Kephart and Arnold
1982}). Fish (6% of animals, 2% of prey items)
and leeches {119 of animals and 8% of prey
iterns) were taken less frequently {Kephart and
Arnold 1982). In the northern Sierra Nevada
near Truckee, Nevada County, anurans com-
prised §G% of prey volume {mostly Pacific tree
frogs, Psewdacris regilia), while 13% of prey wol-
ume was [ish. Rarer prey itemns {53 or less of
total prey volume) included mice and leeches
{» = 88 snakes; White and Kolb 1574}. Juvenile
Thamuophis sivkal(s in Calilornia have also been
observed to consume newly metamorphosed
newts {Taricha torosa} (S. Barry, unpublished
data).

Hobhitat Requirements

Thamnophis sirtalis in southern California is
thought to be restricted to marsh and upland
habitats near permanent water and ciparian
vegetation {Grinnell and Grinnell 1907, Fitch
1941, Von Bloeker 1042; 5. 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 testored marshlands, although the
reasons [or this are not clear {R. Fisher, pers.
cormrm.).

Distribution (Post and Preseny)

Thampophis sirtalis was historically known from
scattered localities along the southern coastal
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plain from the Santa Clara River Valley in Ven-
tura County to amund San Pasqual in San
Diego County {Klauber rga9, [ennings and
Hayes 1994a; 5. Sweet, pers. comm. in [ennings
and Hayes 19g4a; 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 County to ~842 m at Lake Henshaw in
San Diego Cournty (Von Bloeker 1ip4z2; R. Fisher,
pets. comm. in Jennings and Hayes rgg4a).
[ennings and Hayes [1994a) estimated that 75%
(18/24) of historic lacalities no longer supported
populations due to anthropogenic and natural
habitat loss [e.g., urbanization, Booding}. 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 Abundornce

Historical accounts suggest that Thamnophis
sirtelis was once quite common (Grinnell and
Grinnell rye7, Bogert 1930, Von Blocker 1942).
Current populations are thought io be abun-
dant at Lake Henshaw in San Diego County,
rare along the Santa Clara River, and virtually
extirpated elsewhere (S. Barry, pers. cornm., R.
Fishey, pers. comin.}.

Naturs and Degree of Threot

Extirpations and population declines in tbis
taxon have been attributed to habitat loss and
fragmentation due to urbanization, agriculture,
and HAood control projects, as well as natural
events such as floods and droughts (De Lisle
et al. 1986, Jennings and Hayes t994a). At
remaining sites, urbanization in Riverside
County continues to irmpact the Santa Margar-
ita River wetlands at Camp Pendleton, and
increased dam height in the Prado Bagin may
have a negative flooding impact (R. Fisher,
pers. comm.). Introduced aquatic predators and
water snakes (genus Nerodis) 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 increaze throughout
the southern California range of T. sirtalis, with
warmer winters and summers and earlier
spring warming expected (reviewed in PRBO
2011). There is less certainty about future pre-
cipitation patterns, with estimates ranging
from little change to roughly 30% decreases in
rainfall {(Snyder and Sloan 2005, PRBO 2011).
Snowpack reductions of up to 9o% are pre-
dicted in southern California (Snyder et al.
2004). Warmer and potentially drier condi-
tions may affect availability of intermittent and
cphemeral water bodies and therefore limit
activity, In¢reases and decreases in fire proba-
bility and extent have been predicted for south-
ern California. There is little consensus on
future fire dynamics because of the difficulty in
modeling Santa Ana weather events {Wesler-
ling et al. 2004, Westerling and Bryant 2008).
How 7. sirtalis rtesponds to fire is unknown,
Fire may have direct mortality effects, and may
alter aquatic and terrestrial habilat quality. Pre-
dicted vegetation shifts due to climate change
include decreases in chaparral and shrubland
and incrrases in grassland area {Lenihan et al.
2008, PRBO zo1n). The potential impact of
such vegetation shifts on T. sirtalis populations
is unknown.

Siatus Determination

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

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

Muonagement Recommendations

Given the paucity of ecological information on
southetn populations, it is difficult to make
management recommendations beyond the
protection of existing habitat at this time.
Future management strategies may include
removal of invasive animals and plants, restora-
tion of flow regimes, and repatriation of extir-
pated sites. The research needs outlined below
will help to inform the eventual development of
a management strategy for this taxen.

Manitoring, Research, and Survey Needs

Almost no ecological or life history informalion
is available for this taxon, and this data gap
needs to be addressed at the few rernaining sites
in southern California where Thamnaphis sirta-
liz persists, Monitoring to determine population
abundance and to verify extirpation is needed
across sites. As remaining habitat is idenlified
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 bath 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 ghould be investigated further.
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Status Summary

Emys marmorata is a Priority 1 Species of Spe-
cial Concern in the scuthern part of the range
{roughly corresponding to the range of the
southwestern pond turtle, E. m. paflida) and a
Priority 3 Species of Special Concern elsewhere
(roughly corresponding to the range of the
northweslern pond tuctle, E. m. marmerata; see
below for additional detail). These two popula-
tions received a Total ScorefTotal Possible of
81% (Bg/r10) and 65% (71/110), respectively.
During the previous evaluation, both popula-
tions were considered Species of Special Con-
cern, also with different overall levels of threat

{lennings and Hayes 1994a).

identification

Emys marmorata is a small to medium-sized
(generally 17—18 cm, rarely to 24 cm, straight
carapace lenpth) 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
posteriot edge of the carapace forms a smooth,
nor-serrated rim. [n some individuals, the car-
apace has no pattetning. The plastron is lighter
tan or beipe, hinpeless, and oflen marked with

Northern Western Pond Turtle: Risk Factars

dark blotches (Stebbins 20¢3). The shell shape
varies among habitat types, with turtles fram
toothill streams being flatter and narrower
than individuals occurring at lower elevations
in canals and sloughs {Lubcke and Wilson
2009},

This species is unlikely to be confused with
other turtles within ils range with the possible
exception of melanistic individuals of the non-
native red-eared slider (Trachemys scripta ele-
gans). This latter species has a much shorter
tail, attains larger overall body sizes, and has a
setrated rim around the posterior edpe of the
carapace. Most individuals of this species also
have prominent vellow stripes on the neck and
shel} and a broad red siripe over the temporal
region of the head, although older individuals
cften develop an overall dark melanistic
coloration.

Taxonemic Relationships

Emys marmoraia is a2 member of the family
Emydidae, which cncompasses the majority of
North American turtle species. The relation-
ships within this gmup 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

Southern Western Pond Turtla: Risk Factors

Ranking Criteria (Maxirnum Scotre) Score
1. Range size {10) 5
1. Distribution trend (25} 15
iii. Population concentration/ 10

migration (10)

iv. Endemism {10} 7
v. Ecological wlerance {10) Q
vi. Population trend (25) 24
vii. Vulnerability m climate change (10} 7
viii. Projected impacts (10) 7
Total Score 71
Total Pessible 110

Total Scare/Total Possible  0.65

Ranking Criteria (Maximum Score) Score
i. Range siz¢ {10) 5
i1. Distribuiion trend (25) 25
in. Population concentration/ 10
migration {10}
iv, Endemism {10}
v. Ecological tolerance (10 0
vi, Population trend (25) 15

vii. Vulnerability to climate change (10) 7
viii. Projected impacts (10} 10
Total Score 89
Total Possible 110

Total ScorefTotal Possible  0.81
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Clemmys along with the bog tuttle {(now Glypte-
mys muhienbergii}, the wood turtle {now G.
inscuipte), and the spotted turtle {now C. gut-
tala). Recent molecutar analyses have sug-
gested a close relationship between E, mar-
morata, Blanding's turtle (Emys {= Emydaiden]
blandingii), and the European pond turtles (E.
orbiculeris and F. tringerisy (Bickham et al.
1900, Burke et al. 1940, Feldman and Parham
2002, Spinks and Shafler 2009, Spinks et al.
200g), 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 here).

Intraspecific variation within E. marmorata
is also undergoing intensive study, Two subspe-
cies have traditionally been recognized, E. m.
marmorata {Baird and Girard 1852) and E. m.
pallida (Seeliger 1945). These subspecies were
initially distinguished by the presence ot
absence of inguinal scutes in the shell and col-
oration of the throat and neck. Subsequent
studies also delected substantial morphological
variation present across the range (Holland
1992a}. Genetic analyses of intraspecific varia-
tion suggest that substantial variation is
present, which is generally, but not precisely,
concordant with the traditionally defined sub-
species {Spinks and Shaffer zoas, Spinks et al.
2010}, Spinks et al. {2014} analyzed a large
panel of SNPs and concluded that E. m. sensk
lato should be divided into two species. Because
this arrangement is very recent, here we follow
the earlier arrangement {of a single species)
but consider threals separately for southern and
northern populations as was done by Jennings
and Hayes {19g4a}.

Life History

Emys marmorata is a highly aquatic species and
basks frequently. In the northern part of the
range (particularly at higher elevations}, this
gpecies enters a period of dormancy through-
out much of the winter. 1t is one of relatively
few emydid turtles that regularly overwinter on
land (Uitsch 2006), perhaps as a mechanism to
avoid mortality from increased winter water

Aows in the Mediterranean climate. Where it
overwinters terrestrially, the species uses a
variety of habitat types but chooses sites abave
the normal high water mark and burrows into
loase spils 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, bottom mud,
“snags” of downed wood, or rocks (Nussbaum
el al 1983, Ernst and Lovich 200q). Movement
to overwintering sites occurs at the end of sum-
mer, most often in September, although the
timing varies with the particular habitat and
area (Reese 1995, Reese and Welsh 1997). [n
warmer arcas, particularly in the southern part
of the range, thic species may remain active
year-round.

VWestern pond turtles are known to mate
throughout the spring, summer, and fall. Nest-
ing usually occurs in tbe spring or eatly sum-
mer, although double clutching has been
treported from several parts of the range {Good-
man 1997, Germano and Bury zoa1, Germano
and Rathbun 2008, Scott et al. 2008). Females
usually selecl nest sites within 1oo m of a water
body, although nests as far away as oo m have
nccasionally been reported [Storer 193¢, Hol-
land 1994, Reese 1996, Holte 1998, Lovich and
Meyer zooz2). Clutch sizes vary from 1 to 13
eggs and vary depending on local conditions
{Halland 1994, Lovich and Meyer 2002, Ger-
mano and Rathbun 2008), The eggs hatch in
the fall and, at least in the northern part of the
range, hatchlings 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 1¢86). Carrion and small vertebrates are
also occasionally consumed (Bury 198G).
Growth rates vary widely depending on local
conditions but appear to be highest in hatch.
lings and then gradually glow in adults. Repro-
ductive maturity is widely variable and appears
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ie be linked to size, Females gencrally mature
at slightly over 13 cm SCL as young as 4§ yeats
of age, while males maturc at about 12.5 ¢m
SCL at 5-38 years of age (Holland 1994, Reese
1996, Germano and Bury zaa1, Germano and
Rathbun 2008, Germano and Bury 200qg; T.
Engstrom, pers. comm.), although maturation
<an happen more quickly depending on local
conditions in somgc areas {e.g., Germano 2010).

Habitat Requirernents

Emys murmorala is generalized in its habitat
requirements, occurring in a broad range of
aquatic water bodies including flowing rivers
and streams, permanent lakes, ponds, reser-
voits, seltling ponds, marshes, and other wet-
lands. This species will also temporarily use
semipermanent or ephemeral waier bodies,
including stock ponds, vernal pools, aud sea-
sonal wetlands (Slebbins 2003, Bury and Ger-
mano 2008). This species will also at least
occagionally enter sea water (Stebbins 1964,
Holland 1989). Pond turtles require upland
habitat that is suitable for nesting and overwin-
tering use. Localized soil conditions, as well as
the {requency and degree of disturbance in the
upland habitat, probably limit their distribu-
tion. Soils need to be looge enough to allow nest
excavation, while disturbance needs to be infre-
quent enough or of sufficiently low intonsity
that nests are not disturbed (Ernst and Lovich
2009).

This species is most frequently found in
quiet reaches that experience little human
impact and have abundant hasking substrate in
the form of downed wood and large rocks (Bury
and Germano zoo8, Thomson et al. 2010]. The
gpecies can 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. 2003, Germano zo10).

Distnbution (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 Levich 2oog). Further
south, it ranges from the coast inland to the
peninsular ranges. Scattered populations exist
in the Mojave River (e.g., Victorville, Camp
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 documented) (Holland 1ggzb, Lovich
and Meyer 2002). Additional scattered popula-
tions are known from the Klamath 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
imroduced in the state of Nevada in 1887, and
these may be the sourre of the population in
the Truckee and/or Carson Rivers {Cary 1889).

Within E. marmorata, the southern subspe-
cies (E. m. pallida) extends from the southern
tange edge in Baja California, Mexico, north-
ward in the Coast Range to San 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 exisl in
the San Joaquin Valley (Seeliger 1945),
althouph recent work hag shown that this area
is genetically a member of the northern sub-
species (Spinks et al. 2014). The populations
that we recognize correspond o these subspe-
cies distributions.

In the north, large and relatively intact pop-
ulations still exist through latge aresas of the
Coast Range and Sierra foothills, although
agriculture and halvtat modification have
destroyed large areas of riparian and wetland
habitat in the Sacramento Valley that alinost
certainly supported large populations of this
gpecies in the past. Scattered populations
1emain throughout the Sacramento Valley, but
the extengive marsh habitat that dominated



much of the valley floor has been largely
drained and converted to agriculture. Kelly
et al. (2005} estimated that the extent of wet-
land habitat in the Central Valley has declined
by ~80% since the 18605 when large-scale land
conversion began, and this undoubtedly elimi-
nated many E. marmerala populations. Holland
{1gg2b} argued that the San Joaquin River
drainape formerly represented the stronghold
of this species, supporting vast numbers of
individuals, and that the species has been lost
from »>g9% of il8 range in the region. Overall,
the number of viable populations in this area
has clearly decreased, but some do remain
{Holland 19924, Jennings and Hayes 19944,
Germano 2010, Bury et al. 2013},

In 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 Jarge tracts of unsuitable habitat
that have litile suitable upland nesting habitat.
Dispersal cortidors between adjacent habitats
have also been mostly severed by intervening
urban development and heavily used roadways,
resuliing in heavy mortality on females search-
ing out nest sites (R. Fisher, pers. comim.}.

Trends in Abundance

Emys marmorata was formerly abundant
throughout much of California. Bogeri (1930)
reported that E. marmoerata was “common in
larger streams along the coast and in many of
the marshes adjaceni to the coast,” and many of
these habitats still support relatively large pop-
ulations {Jennings and Hayes 1994a, Germano
and Rathbun zee8, Thomson et al. zo10). Else-
where declines have occurred, particularly in
southern California. ¥an Denburgh {1922}
reported that the species was “abundant on the
west fork of the San Gabriel River,” hut recent
repotts 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 notthern
Coast Ranges, although areas in the Central

Valley and southern California that still sup.
part the species have severely declined {Hol-
land 199zb, Jennings and Hayes 1594a}. Popu-
lations that remain in the Central Valley are
undoubtedly smaller and more fragmented
than they once were due to the large-scale land
conversion that nccurred in this area beginning
in the 18Gos. Further, £. marmorata were har-
vested commercially for many years, selling for
3-0 dollars per dozen in San Francisco markets
during the 19zo0s and 1930s [Pope 1539, Nuss-
baum et al. 1983}. The overall extent of declines
in abundance caused by market cellection is
poorly understood. However, localized declines
due to market collection were noted as early as
1879 in Sacramento (Lockington 1879), and the
species' life history would make it particularly
susceptible to declines from intense adult
mortality.

Some published and ongoing 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 California appear to be stable in abun-
dance with a population structure that indi-
cates continued breeding (Germano 2010; D.
Germano, pers. comm.}. Unpublished field
data also indicate that the species persistg in
some numbers throughout Merced [particu-
larly east of Gustine) and Fresno Counties, as
well as some areas of Kern County (5. Barry,
pers. cormnm.). Al least 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.

Nature and Degree af Threat
The largest threats currently lacing 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. marmorate,
extensive wetland habitats that once supported
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larpe numbers of this species have declined in
extent and quality. Ongoing land use conver-
sion to agriculture as well as urban develop-
ment have degraded and fragmented habitat
throughout virtually all of this taxen's range.
These effects are mast pronounced in southern
California, where relatively few viable popula-
tions of this species now remain. Even in north-
ern California, land use changes are having
impacts. Reese and Welsh (1998) docurmenied
changes in the age structure of E. marmorate
populations as a result of damming in the Trin-
ity River drainage, suggesting negative impacts
ot juvenile turtles and therefore recruitment in
populations affected by dama.

The impact of introduced species is largely
unknown but could potentially be detrimental
in several ways The red-eared slider is widely
established throughout the range of E. mar-
morata and may serve as a disease vector and
competitor {Bury zo008a). The spiny softshell
turtle {Apalone spinifera) is a tmore recent intro-
duction ic the Central Valley of California and
is now breeding in at least one site in the Sacra-
mentoe Valley (L. Patterson, pers. comm.). If
Ihis 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 averlap, suggesting that softshells may
have strang impacts on pond turtles (R. Fisher,
pers. comm.). Additional introduced species
that may affect E. marmorata are bullfrogs,
crayfish, and introduced centrarchids. In the
Salinas River, E. marmorata declined following
the invasion of bullfrogs in the 1970s (B.
Hublbs, pers. comm.). The strength and mech-
anism (predation ot competition) of their
impact is not currently clear, and further stud-
ies are needed. Ravens, crows. raccoons, and
opossums are all known predators of E. mar-
morata adults and nests. The population sizes
of these human commensal species have
increased through rime and may also be 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 (S. Swect, pers. comm.).

The impacts of climate change on E. mar-
moraia are still poorly understood but are likely
to be significant. Climate simulation maodels
project strong changes to river hydrology in
California. In particular, decreasing snowpacks
and a shift to earlier and stronger river flows
{and increased frequency and strength of scout-
ing foods) are likely to nepatively affect habitat
and could cause local extirpations (Cayan et al.
2608b). Because the habitat is now fragmented,
recolonization of these areas fallowing localized
extirpaticns is unlikely, particularly in southern
California where the habitat is the most frag-
mented. Importantly, the genetic data indicate
that rnost 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. 2016, Spinks
et al. 2or4; R. Fisher, unpublished data).

Status Determination

Priority 1 Species of Special Concern status is
justificd for Emys marmorzia in the southern
portion of the range because these poputations
are cxperiencing ongoing and strong declines
in distribution and abundance {although, as
noted above, some evidence indicates these
declines may be slowing in some arcas}. Fur-
ther, this area contains most of the genetic
diversity that has been identified within this
taxon, so entire penelic lineages are at risk. In
the north, populations are experiencing
declines, although to date they are less severe
than in the southern portion of the range.
Many of the remaining populations in the
north occur in habitats that are unlikely to
experience land use changes on a scale that will
threaten long-term survival, so we consider this
segment of the range a Priority 3 Species of
Special Concern.

Management Recommendations

Our recommendations follow those of Bury
et al. (2o12). We outline these recommenda-



tions below and refer readers to that document
for additional discussion. Protecting habitat
from further degradation and fragmentation 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 important manage-
ment priority. Efforts 1o reduce or control the
impact of predalors {especially cn nests) are
also an important way to maintain current
populations and increase recruitment of juve-
niles. Formal headstarting programs may be a
useful tool for repopulating areas where local
extirpations have occurred but only as a last
resort and if the habitat can be restored to an
extent that a population can survive with little
intervention. One encouraging abservation is
that Emys marmarata can live in close proximity
to human disturbance, provided that they have
adequate suitable basking and nesting sites.

tonitoring, Research, and Sunvey Needs

Further research on the impact of invasive spe-
cies is needed. In particular, the impact of red-
eared sliders, bullfrogs, and centrarchids 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 pootly characterized, and
need to be clarified il the species is to persist
and thrive in human-modified habitats. The
effectiveness ol headstarting efforts needs te be
evaluated in various habitats and predation sit-
uations. Because a large amount of life history
variation is present in this taxon (particularly
relau’ng to time lo maturity, body size, and
clutch size; e.g., Germano 2610), rescarchers
and managers should be cautious when apply-
ing life history data callected in oue population
to a different population, particulatrly those
occurring at widely different elevations, water
lemperaltures, or habitat types.
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difficult to distinguish, and some of these have
been sporadically introduced arcund the state,
The most commen introduced kinosternid is
likely the commmon musk {or stinkpot} turtle
(Sternotherus odoratus), This species has two
broken light stripes on each side of the head and
has only a single, anterior hinge on the plas-
tron. Other species in the genus Kirosternon
have also been introduced (K. flavescens in par-
ticular; 5. Sweet, pers. comm.} bul are not com-
mon and will often require expert identification
{Spinks et al. zoo3, Spinks et al., pers. obs.).
See Stehhins (z003) for additional details.

Taxonomic Refationships

Two subspecies have been described, one of
which historically occurred in California. The
Sonora mud turtle {Kinosternon sonoriense sono-
riense} includes California as well as the major-
ity of the species’ range in the southwestern
United States and northern Mexico, The
Sonoyta mud turtle (K. s. longifemorales) is
restricted to the Rio Sunoyta drainage in Mex-
ico and southern Arizona (Iverson 1g70).
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 suggest that there is
some interpopulation variation in basic life his-
tory parameters of this species. We base our Jife
history description on wotk conducted prima-
rily in Arizona and New Mexico but recognize
that these data should be regarded as tentative
for California populations.

Kinosternon sororiense is active throughout
the year as long as water is present. though in
warmier months it may become active primarily
atnight (Hulse 1974, Hulse 1982). Hibernation
ig known to occur in high-elevation popula-
tions in New Mexico (Degenhardt et al. 1996],
although it is unlikely that this occurs in Cali-
fornia populations, which were exclusively low
elevation. Kinosternon sehorignse aestivates ter-
restrially in response to seasonal drying in sev-
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eral populations (Ligon and Stone 2003, Hall
and Steidl 2007, Hensley et al. 2010} but else-
where may be more closely tied to permanent
water [Ligon and Pelersen 2002}. In Arizena,
females come into reproductive condition after
a minimum of § years ot with a carapace length
between 115 and 125 rmm, after which they pro-
duce one 1o four clutches per year although this
varies depending on location (Van Loben Seis
etal. 1997, Ernst and Lovich 2009, Lovich et al.
3012). Females become gravid between April
and September, although most frequently in
June and July (Lovich et al. zo12). The develop-
ing embryos apparently require a period of
cooling before development restarts in the
spring (Hulse 1982, Ewert 1991, Ernst and
Lovich 2009]. In Arizona, hatching may Dbe
associated with the summer moensoon in late
summer [van Loben Sels et al. 1997).

Kinasternon sororiense can attain high local
population densities. One population in Hidalgo
County, New Mexico, contained 212 turtles
(Stane 2001}, Another population in Yavapai
County, Arizona, reached 750 individualsfha of
aquatic habitat (Hulse 1982). Individuals are
known to undertake long terrestrial movements
(>1 km) when water becomes limiting {Stone
2001, Hall and Steidl zoo7}, and Stone (2001}
found that 26% of recaptured individuals had
moved overland between agquatic capturc sites.
1n the Santa Catalina Mountains (Pima County,
Arizona), where the aguatic 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 territorial where resources are limiting (Hall
and 5teid] 2007).

Kinosternon sonorignse is primarily carnivo-
rous, feeding on a variety of inver tebrates. It is
known to shift to omnivory in suboptimal habi-
tat (Hulse 1974) and to feed on or scavenge
small vertebrates {Stone et al. 2003, Lovich
et al. 2o10).

Habitat Requiremenis

Habitat requirements for Kinosternon sonoriense
in California are unknown but are likely tied to



the presence of a reliable water source and a
suitable prey base. Elsewhere in its range, it
inhabits a wide variety of both permanent and
temporary aquatic habitats including streams,
creeks, stock ponds, and natural ponds {van
Loben Sels et al. 1997, Ernst and Lovich 2c0q,
Stanila z00¢, Hensley et al. zo1o0, Stone et al.
2otr). In California, it was known 1o enter arti-
ficial water bodies, although the long-term suit-
ability of this habitat is unknown. Optimal
habitat appears to be slow-moving, permanent
water with a high density of aquatic inverte-
brates and a muddy Dbottomn {Jennings and

Hayes 1gg4a).

Distribution {Past ond Present)

Historically, this species occurred in California
along the Lower Colorada River drainage (Van
Denburgh and Slevin 1913, Grinnell and Camp
1917, Dill 1944). La Rivers {1942} reported the
northernmost 1ecord for the species in the
Colorada River drainage from Clark Caunty,
Nevada. Cooper {1870) mentioned a specimen
from ah unspecified locality in the Colorado
River Valley, collected while he was stationed at
Fort Mohave, Arizona. Several more individu-
als were collected from the vicinity of Yuma,
Arizona, and Palo Verde, California, in the
eatly 1900s (Yan Denburgh and Slevin 1913,
Van Denburgh 1922). A 1942 record {(SDNHM
17897} 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 itclearly was. The overall extent
and timing of its expansion into the Imperial
Valley is essentially unknown. In the Lower
Colorado River Valley, the species was present
at least until 1941 near Bard, Imperial County
(SDNHM 33866).

The last published record of Kinosternon
somgriense in the Lower Colorado River drain-
age accurred on the Arizona side of the river
~1.6 km southwest of Laguna Dam on 31 March
1662 {Funk 1974, Lovich and Beaman z008).

Turtle trapping surveys were conducted in
April of 1991 throughout much of the historic
California range and failed to detect the species
{King and Rebbins :gg¢i}. The presence of
*small black turtles along the Coachella Canal”
was rumored in the 1ggos, but these reports
were never verified and could have been misi-
dentilied Trachemys scripta or Apalone epinifera
{]. Lovich, pers. comm.).

Outside of California, K. senoricnse ranges
through much of southern Arizona, into the
southweslern corner of New Mexico and south
into notthern Senora and Chihuahua, Mexico,
from sea level to 2040 m (5tebbins 2003, Lov-
ich and Beaman zoc8, Ernst and Lovich
200G},

Trends in Abundance

Therc is no information concerning historical
abundance of this species in California. Only
hive reliable localities have been recorded in
California, and historical accounts from the
early twentieth century contain few data an
abundance. Van Denburgh and Slevin (1g13)
reported that “six or eight” specimens were col-
lected near Yuma before 1906, and stated that
“whether it ascends the Colorade River above
the Gila is not known.” Van Denburgh (rgaz)
stated that the species occurred in the Lower
Colorado River drainage but was aware of
records only near Yuma and at Palo Verde in
Imperial County. The Clark County Nevada
record had not yet been reported at this time
{La Rivers 1942). Dill (194 4) mentiened only
that this taxon occasionally stole bait from fish-
ermen (preswinably implying that it was fairly
well known to fishermen). The paucity of
records from California suggests that popula-
tions here may not 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 present. Thus, the historical data
on abundance are inconclusive. Kinasiernon
sonoriense has not been collected in or near
California in nearly 50 years, 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.

MNature and Degree of Threat

The causes of decline of Kinosternom sonoriense
in California are pootly understaed, but may be
associated with habitat modification 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, furcing the species to shill lo a
suboptimal herbivorous diet, which has been
suggested as a factor in other K. soneriense
declines (King etal. 1g96). The impact of intro-
duced exotic crayfish, bullfrops, warm water
fisbes, and sofishelled turtles, all of which were
well established around the time of K. sono-
riense declines {Dill 1944. Lovich and Beaman
2008), is unknown, but they could plausibly
have had a negative impact on K. sororiense. At
one site in Arizona, reduced K. sonotiense den-
sities appear ta be associated with the presence
of introduced crayfish (Lazazaff et al. zooG).

Between 1941 and 1941, the Imperial lrriga-
tion District burned and sprayed oil on 13,000
km of ditches and canals in the Imperial Valley
in an effort to control the damage being done
by spreading muskrat populations {Twining
and HMensley 1943). These efforts certainly
destroyed a great deal of aquatic habitat in the
region, and the effect of the oil residues may
have also had strong impacts on K. sonoeriense
and other taxa that disappeared from this area
during the same time period (e.g., Rang yava-
poiensis, Bufo glvarius).

Status Determination

A Priority 1 Species of Special Concern desig-
nation is justified by the complete absence of
records for this species since the 31p6es. This is
the primary cause for concern. Litile under-
standing of Kinosternon senoricnse’s habitat
requirements or facters leading to decline in
California currently exists. However, given the
survey efforts that have been conducted to date,
we assume that any remaining California pop-

305 TURTLEs

ulations are small, fragmentary, and vulnerable
to extirpation. The species may also be vulner-
able to increasing temperatures and changing
hydrolagy due to climate change.

Management Recommendatians

If future surveys detect any remaining popula-
tions, inilial manapgement efforts should focus
on protecting those populations while research
is performed that focuses on expanding suita-
ble habitat and rebuilding local populations. If
initial estimates of population structure indi-
catc that reproduction andfor recruitment is
nat accurring, a headstarting program could he
effective as a stopgap measure to prevent local
extirpation. Many aquatic turtles have very dif-
ferent habitat requirements for hatchlings and
adults, and ecological studies of both age
classes will almost certainly be necessary to
ensure the survival of remnant native
populations.

Monitaring, Research, and Survey Needs

Although surveys have been performed for
Kinosternon somoriense in California, these
efforts are not vet comprehensive. As this spe-
cies is generally easily captured using submers-
ible turtle traps, more complete survey efforts
will help to clarify the species’ status in Califor-
nia. Areas that have not yet been systematically
surveyed include the backwaters of the Colo-
tado River below Needles and along Lake
Havasu (R. Fisher, pers. comm.}; Haughtelin,
Ferguson, Taylor, Diraper, and Walker Lakes
{King and Robbins 1991); the Coachella Canal;
and any riparian habitat remazining in the area
of Laguna Dam, as well as at Topock Marsh in
the Havasu National Wildlife Refupe. Because
the Lower Colorado 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 a monitoring
prograrn to determine the size and stability of



the population, as well as an ecolegical study of
population structure and life history. This will
almost certainly invnive individually marking
turtles with shelt notches andfor PIT tags and
performing mark-recapture surveys to esti-
mate population size and individual grawth
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 eggs
using either palpation or radiographs, prefera-
bly with portable field-capable digital X-ray
units.

Genetic samples from the Lower Colorado
River do not exist and should be collected,

should remaining populations be found. These
samples will be valuzble to researchers working
on Kinosternon phylogenetics and phylogeogra-
phy and will also be critical in agsessing the
cxisting diversity within remaining popula-
tions and the divergence between these and
more abundant populations to the east in
Arizona.

Finally, researchers should attemnpt ta chaz-
acterize differences between habitat that sup-
ports this species aud nearby habitats that de
not. The causes of decline are still poorly under-
stood, so management efforts that focus on
rebuilding populations must be informed with
strong data on the impact of introduced preda-
tors, pesticide, and herbicide drift, introduced
aquatic plants, and habitat meodification on
K. sonoriense population persistence.
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APPENDIX

List of Native Amphibian and Reptile Taxa Occurring in California

CDFG spvial
Takut' Commaon name animal USFWS* CDEW' [UCKk®  USHS BLM
Anuca
Ascaphidae
Ascaphus truct Coastal tailed fvog X 55¢ LC
Bufenidae®
Bufo alvarius Sunarim Deserttoad X 55C LS
Bufa barsas borens Western mad NT
Buja horeas holophilus California western toad NT
Bufo californicus Arroyo toad E ssC E
Bufa canorus Yuzemile toad X [ SSC E 8
Bufe cognelus Greal Plaing mad LC
Bufo exsul Black toad X T. FP v 5 %
Hnfa puncratus Red-gpoited mad L
Anfe woodiowsiz Woadhoewses road 1C
Hylidse
Fscudacris cadavering Calilornia Lleeelrog LC
Pscudacris regilia” Paaficireelrog c
Ranidae
Rana aurom Northern red-legged frog X S8C 1C 5
Rana boyfii Foathull yellow-begged frog X 55€ T $ 5

[eaitkamu e



CDFG specal

Taxon' Cominon name ammal USFWS CDFW' JUCH  USFS* BL™
Anura
Rana cascadae Cascades frog X S5C NT 3
Rana draytonn Cahforma red-'epged frog X T 8s8C
Rana muscosa Southern Mounkan yellow legged frog X E E E 5
Kana piprens®* Northern leopaid frog X 55C LC
Rang pretiosa’” Dregon spotted frog X S5C Y s
Rana sierrae Sierra Nevada yllow lega-d frog X t E E 5
Rond yavapsiensis Lowland lespard frog X 55C LC s
Scaphunpodidae
Scuphiopns couchu Couch s spadetoot X §5C LC 5
Spes hammendi Weslern spadefoor b 55C NT )
Sper mlermantana Greal basim spadetoat
Caundata
Ambystamaldae
Ambystoma coliformiense California tiger salamancder X T T v
Ambyitoma ¢aliforniznse “Santa Santa Barbara higer salamanler X E T ¥
Barbara”
Ambystoma caltformiense “Sonoma” Senoma tiger salamander X E T v
Ambysomna gracile Northwestern sa.amander 1o
Ambpgoma macradactyluns craceum Santa Cruz long-toed salamander X ) E. FP Lc
Ambypsioma marodoctylum sigdlatum - Southern kmg-tued salamander 35C LG
Dicamptodenbdae
Dicamptodon ensaius Calilornia glant salamander 55C NT

Dicamptodon lencbroes Pacific grant salamander L



Plethadontidae
Anefdes ferreus
Aneides flavipunclotus
Ancides [lavipinglatig niger
Ancides flavipunclutns “shasta™
Aneides lugubris

Anrchdes vagrans

Biirmdweeps allasierrae

Balrmdhoseps altenuatus
Balrachoseps bramet
Batrachoseps campi
Batrachaseps drabalicus
Batrachaseps gabriehi

Hatrachases pavifanensis
Batrachaseps grogarics
Batrachaseps incogmitus
Bagrachazeps kawin
Batrachaseps hecine

Batruchazem mdfor aridics
Batrackaseps major majar
Batrachosepy minar

Batrachasepy nigriventris

Clouded salamander
Black salamander
Sanla Cruz black sa amander 850
Shasta black salamander
Arbareal salamander
Wandering salamander
Greenthorn Mountams slender
salamander
California slender salamander
Fairview glender salamander

Inys Mountains salamander X S5¢
Hell Hollew slander salamander
San Gabriel Moumaing stender X

salamander

Gabilan Mountans slender salamander
Gregarius slender salamander

San Simeon slender salamander
Sequoiz slender salamander

Santa Lucia Mountains slender
salamander

Desert skender salamander X E E

»oOowW om

rianien glender zalamander
Legger slender salamander X 4.
Rlack-bellied skender salamander

NT
NT
NT
WNT

NT

no
oe

1
1<
oD

LC

LC
Lc
oD
LC

» el



CDFC special

Taxen' Comnmon ndme animal USFWS! CDFW!  LUCK* USF% ALM
Caudata
Barrachaseps pacificus Channel [slands skender salamander X LC
Batrachasps reging Eings River skender salamander X v
Batrachazps relicius Relictual slerder zalamander X SSC DD
Batrachosepr robustus Kern Plalegu salamander X NT
Batro hasepr simaius Eern Canyon slencer salamander X T v
Butrachaseps richhnsi Tehachap: slender salamander X T v
Ensatina eschscholiz i croceater Yellow hlotched ansanna x LC
Ensahina eschschollzn gschs holtzn Monterey etisatina LC
Entsating escheclioltziv kianben Large-Blotehed ensatina X LC
Ensating eschscholizii oregonenns Cregon ensalina 1.C
Ensating eschschaltzii picta Painted ensatina Lc
Eniating eschscholtzy platensis Sierza Nevada enssting LC
Ensetine eschachalizii xanthopiica Yellow-cyed cosatina 1C
Hydromanies bruncs lameetone salamander X T.FP v
Hydroimanses platpeephaius' Moum Lyel £3 amandar X LC
Hydramantet shkasing Shasla salamander X v
Fiethodon asupek Scout Rwer salamauder X v
Plethodon dunni Dunn's salamander L
Plethodon elongatis: Del Morte salamander X NT
Plethodon stormi Biskiyeu Mountains salamander X T E
Rhyacolritonidae
Rhyecotritan veriggatus Sewatkeen borvent salamander X $5C 1c



Salamandridae

Taricha granulosn Ruugh-skinned newt Lc

Tonche rivulars Red bellied newt S5C c

Taricha sizrtae Alcrea newl L

Taricha lorosa Coast Range newt S5 Lc

Squanmiata—Lizards

Anguidae

Elgaria coerulen cocrilea San Franoisea alligator lizard 1C

Flgana coerulen paliner Sserra Nevada alligator lizard LC

Elgneia cocrulen principis Northwestern alligater lizard LC

Elgnria cocrulen shaslensis Shasw alligatar lizard LC

Elgaria multicarimata maulucarinata Califarma alhgamwr hizard LC

Elgariz multicarinain scincicawda Oregon alligator lizard LC

Liparie mpdiicarinata webbi San Diego alhigaver hzard LC

Elgaria panaminting Fananunt alligatsr izard S5C v 5 5
Anniellidae

Annilla pulchra puickm™ Silvery Tegless lizard 350 LC h}

Anniella pulchra aigra Black lepless Irzand S8 LC <
Crotophytidae

Crotaphyius bicinclores Great Basin collared hizard LC

Crotaphyptus pestiginm Baja Califernia collared lizard e

Gambelia copeii Crope's leapard Lizard S50 LC

Gambelia silz Rlunt-niersed leopard hzard E.FF E

Gambdliu uistizenn Long-nosed leapard lizard Lc

[AENUEIE I






Seeloporis magister unifarmis™

Seeloporus magister lransversus

Sceloporus accidentalis becke

Seeloporus accidendafis biserintus

Seeloporus poeidentafis bocourtii

Seeloporus aceidentalis langipes

Scelaporus ocaidentalis occidestalis

Sceloporus aceidentalis 1aylori

Sceloparus oreutli

Lima inpragin

Lime notarx

Ump scoparia

Lirosnurus graciosus

Lirosaur us nigricgudus

Utosaurus arnglus

Uta stansburiana elepans

Uta stanshuriana ncradensis

(e stanshurizna stansburians
Scincidae

PMestiodon gilberti

Plestiodon skilonianus skiltanianuy

Plestiodon reHtorianis interparietnlis
Teiidae

Aspidoscelis hyperpiira

Yellow-backed desert spiny hzas
Rarced desert spiny lizard

Island bence lizard

San Joaquin fence lizard

Coast Range fence lizard

Great Basin lence lizard
Northwestern fence lizard

Sierrs Fence lizand

Granile spiny lizard

Coachella Valley (ringe-tord lizard
Colorade Dusert ltinge toed lizard
Mojave lnnge-toed lzard

Long-tarled brush hzard

Daja Califernia brush lizard

Qrnate Iree lizard

Wwestern common side-blolched lizard
Hevada common side-bdotehied lizard
Morthera cormmnn side-hlotched Tizard

Gilber's skink
Western skink
Coronade skink

Crange-thenalcd whiplail

a0
5540

{ ot ]



COFG special

Tamon' Camman name animal USF®3T  CDFW! JUCN* USF5S BLM
Sauamal j=ml 42 rde
Aspidoscelis tigris mundn Califorma whiptar [
Aspidoscelis Ligris stepnegent Coastal whaplatl X 58C c
Aspidascelis ngris igns Great Bazin whiptail 1C
Xantusiidar
Xantusia grapihs Sandslone might lizard X 58C v
Xantusia henshaun Henshaw's night lizand LC
Xantusia riernang [sland might izard X Lc
Xaniuna wgihs sisras Sierma mght hzard X 58C LC
Kantunawghs vigizy Desert nught hzard Lc
Aanbienig uegginge Ba a Califorma night hizard LC
Xantina sp. "Yuces Yalley™ Yieca Valley night llzard LC
Xantusa sp. ~San Jacime” San Jacinto mght lizaxd c
Saquamata—Snakes
Baoidac
Charina boltac boltae Rubilzer boa L4
Charina boltae untbratica Southern rubber bua T 1 s
Lichanurs orcuth ™ California rosy boa X L S
Colubridae
Anzona degars candide Muoave ploxsy snake LC
Anzonn elepans churnata Drezert plossy snake Lc
Arizonn elegans occadenialis Calilornua glovsy snake S8C L
Bogeriophs rosaliar Baja California vat snake ¢ LC



Chionactic occipitalis annulnte
Chianactis ocipitalis ocoipitahs
Chionaclis cocpitalis lalgne
Caluber consteiciar mor mon

Conlin tongicauda

Conlug ey

Diadophis punetatus “Coastal CA™
Diadophis punctolu- *Eastern CA”
Diadophis puncinlus “Southern CA™
Diadophis placiatiss “Great Basin™™®
Hypsiglena chlorophaen

Hypsiglena ochrarhpneita klauberi
Hypsiglani echrorhynchu suchulata
Lampropeltis californine
Lomprapeltis multyfizciala®
Lamgropeltis zonata

Masticaphis [lapellun: piceur™
Masticophis flagefium ruddackd
Masticophis fidigmasg

Masticophis lateralis curpzanthus
Measticophis iateralis Itz miis
Masticophis tacrualus
PhyMarhynchiiz decurtatus

Piticophis catenifer affinis

Piluophss culenifer waneclens

Colorads chovel-nosed snake
Mojave shovel nosed snake
Hevada shovel-nosed snake

Western yellowbel.ied racer

Forest sharp-tailed snake
Common sharp-tated snake
Ring-necked snake
Ring-necked snakr
Ring-necked snake

Ring-necked snake

Northern dezert mght snake
$an Diego mght snake
California night snake
Commeon kingsnake

California mousntain kingsnake
Califernia mountam kingsnake

Red cnachwhin

San Jeaquin coachwhip
Baja Califormia couthwhip
Alameda siriped racer
Califernia striped racer
Stniped whipsnake

Spatted leaf nased snake

Soncran gapher snake
San Diego gopher snake

55C

55C
5507

FLLIE TN ]



COFG special

Tazon' Cammon name animal USEWS  CDFW'  JTUCH*  UsFst AL
Squamata  Snakes

Poanophis catentfer -miemfer Pacific gopher snake LC
Puuophis catengfer deserticola Great Basin gopher snake Lc
Btluoptns catenifer prmdis Santa Cruz Islard pophes snake X LC
Riving: heilus econin Long-nused snzke Lc
Salvadora hexalepts hexaleprs Deserl patch-nosed snake e
Salvadora hexaleps moyavensts Mojave patch nosed snake o
Salvadora hexoleps virgudten Coast parch nosed snake X 88C 1c
Sangrz zruannulaia Western ground snake 1
Tantlla hobart .m.th Southwessern Hac. headed snake 1c
Tantilie planiceps California black-headed snake 1c
Thumnophis alratus alratuc Santa Cruz aquabic parter shake LC
Thamnophis alratus hpdraghiluy Oregon sypaalic garler smake L
Thamnophis alratus zaxanthus Drablo Ranpe aquatic garter snake LC
Thamutephis couchii Sierva (western aquale) garler snake LG
Thumeophis deguns depans Muourtain lerzestrial garber snuke LC
Thamnophis rlepans ierrestris Consl terrestrial garier snake LC
Thamnaphis degans vagrans Wandering terresirial garier snake LC
Thamnophis gigas Gianl garter snake X T T ¥
Tharmnaphis hammendi: Two-striped gurter snake X $3C LC 5 5
Tharmnophis marcicnus Checlered garter anake

Thamnephis ordinelder Northwestern garter snaks LT
Thamnophis sivtalis fichi Valley parter snake o



Thamnophis sictalis infernals?! Cahfomia red-sided garter snake LSL uc
Thamnophis sirtalis tetraiaenin San Francisca garter snake E E.FP Lc
Trimarphodon bumbda Sunvran lyre snake
Trimorphodon lprophanes Peninsular lyre snake

Leptatyphlepidas
Reng humilis humilis? Southwastezn blind snake L
Rene humnilis cohuilae Deseri blind snake LC

Yiperidar
Cmialys atrox Western diamand backed raltlesnake LC
Crolplus cerasles ceracies Muojave Dezert sidewinder Lc
Crotalus cerastes lalerorepens Caoloradn Desert sidewinder LC
Crolalus mitchelii Speckled rattlesnake Lc
Cratalus areganus hadler it Southern Maafic rattkesnake c
Crolalus eregrus lulesus Great Hagin rattlesnake Lc
Cratalus areganus oregais Nertheen Pacific ratilesnake ic
Cratalus rcber Red diamond rattlesnake 55C 1C
Crotalus scutalokas Northern Mojave ratilesnake LC
Crotalus stephensi Manamunt ratilesnake LC

Testudnes

Frnydidac
Emypy mermorala marmonala Northern westecn pond turtle S5C L
Empr prurmorats pollida Southern westeen pond turtle s8¢ v 5

i onrmued}



Taxen'

CDFG special

Commen name ammal USF'WS: CDFW'  |UCNY USF5 BLM
Teztudines
Kinesternidas
Kinostzrnom sonoriense Sonora mud furthe X 55C v
Testudinidae
Copiteruy apassizii M ohave Desartiortoise X T T v

L. Species, subspecies, or Dishinct Population Segraest (DFS)

2 E:Endangered, T- Threatened

+ E.Endangered; T: Threatened, FP: Fully Presece, 85C
Speeier of Special Conceen

+ £ Endavigered: ¥ Vislvt rable: HT Meas Threatened L
Least Canjegnp, P Dala Diefac ook

§-5: Senshilie

6. Frasl et 3k |1566a) reoorrursend placing all Cabkrria
bulonda mxcept Bufy aleareirin the genus Araxyros Frosiet al
{zoayb) reconiine nd thal B, mwming be placsd inlhe genus
frpatios,

7. Recuem et 2l 2o, 2oabh) peigrse breaking Puwcdacns
regifla (xen U laea) dnee thres dicllnet apecles. Thie proparalhas
rud be e widely accep ied becauss dhe range botindarles of the
Lhree laxa are poorly sheracterized and significant hapleype
sharin g exists acress these palatier liocages that has nol been
studied,

8. This irap was wldely Intreduced In Cadifarnia atane paint,
though presunicd native prpulations were aleo presont The
laxon muy now beoxtinpated,

g Frostetal. | 2ooa) recommend placing Anns pimenaand
R, miuzcosaim the genus Lithebates

12, Iis likely that any pepulations on the waslern side of
the Warner Mouiwains are actually Rasa reiveninis However
v apecinens or daia exist bo clarcify ihizicsoe. Dot new dav
berame available. R iaeiveniris cannct be definitively included
a5 amneraber of e Califorsian heepetcdauna

1 Fullowing Bigsler and npalsca {2007}

12 An Oz Yalbey opmila tedre wass Foo b by pre2u ried bo he
anunde s Hhed 1ason and has becorme Idd!],r Mmgnized inthe
canzervatlen comarandly Ravite {zo10] refules e saiusasa
distincl tincage and we include the Dwens Yalkr pepulatmn:
wilh Hywlomaentes plal peephalvs

13 $atusapplies only 1o Momeeey Comnty SA 2l
fouth

14, Papeoiuss ared Parham (2013} gzapased spiltting Anawlo
cdehra in Califernia inta live species.

15. Leache edal Jzoan) rovised the Phrpmosenen corano lam
complex, placing Calfornia popalations of P roraseaium mw
P BHamwdh

16 Schulle st al. {z00G] prepose that the Scelopovin mogister
subapecies be elevaled te full specres, Thin was refuied by
Leaché and Mulcaby (20071,

17. Leaviltetal dzooy) find a significamt genelic slacture
within the Xantuua vgidis complex. Tamnonic revisians may
emciar linthe mear Fulure withls this cade

3. Wasd e al {1oal)divided the rasy baax lnta twe rpecies,
Lechanura peentes and L rripirgata. Theie miitochendnal data
idicate Lhat L rinvirgula e preseat i satreme sewthe rn
Califewraia, Moiagh newer angrablished purkear dala swggest thal
tht Apeee bt ek actual by aniciars farcher aoiith, In Aaja
Califarnla, hMeelca (B Wond puers comm §

1o Feldman and spieer [2006) and Fanlanslla sal. (rocd)
fad sade nee for lincage s that are rof conconlant wth

previnusly deznibed subspecies boundanies We follow the
lineage de i gnalpons rom the Jalter shady

zo. Tha Grean Bachn clids meludes anlmals ﬁnmﬂ'ly
aeslgoed b Disdaphir puneeats regallz. The $5C stalus relers
only 1o populations occcur tiogat isalated desert springs
Sauthern Califormia,

21 Mtz in kingsws ke vanonoeny is in Mux. Radriguez-
Rahbet el {19 gb} refune the farmerf recogmized subspecins
aeed Find evidence for foult dlstinet lineages, Myers et al_ {2on3)
find evidence for vwo s pecies (1The arrangeimwent tha ne fallow
here]. Lemmpeapdiis multifescintn comaing the former sautbern
subspedics tampropriis zawae pervirndn and Lz, prlchm, The
cons+ralion status spplies to thase bro subeperpe

az. Nagyetal. {anog) propase combinio g Mashicaphi inko
the genus Colkuber,
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APPENDIX 2

Public Comment Anrnouncement

We solicited public cornment on this project by post-
ing the announcement an the right on the websites
aof the follewing organizations: Califernia Depart-
ment of Fish and Wildlife, Center for Morth Ameri-
can Herpetology, Ecological Society of America
(ECOLOG-L}), Tartners in Amphibian and Reptile
Conservation, and The Wildlife Saciety. [n addition,
we circulated the announcement widely to cal-
leagues via email. Following Lthe public comment
period, we alsp contacted experts on each taxan
under consideration to request advice, data, and
reviews of early drafts of this document.

California’s list of Amphibian and Reptidle Species of
Special Concern {ARSSC) is a critical component of the
management and protection of amphibians and reptdes
in the stale. The current Californis ARSSC list s
undergoing a complete revision to beiter reflect these
laxa that require some measure of canservation to stabi-
lize populations and avaid future listing under the Cali-
Jornia Endangered Species Act. Te date, the ARSSC
revision team has developed a set of risk metncs, come-
puled a list of nominee taxa, and completed a prelimi-
nary risk assessment for each nominee hased on litera-
ture reviews and locality information. Now, we need
your help 1o make sure that we have the most avcurate
and cemplele list pessible of SSC for potential inclusion
ire the final list, The best list will require input from as
many knowledgeable hiclogists as possible. If you have
dota, well-decumented ficid experience, or unpublished
observations thal are relevant to Califernia’s emphibian
and reptile fuuna, we invile you ko share them with us.

Furtker details, risk assessments, and instructions for
submirting feedhack are avaitable at hep./farsse
cdavis.edu, The public comment period closes August
31st, 2004.

Bob Thomson
Amber Wright
Hrad Shaffer

Center for Population Biology

University of California
Davis, CA 95616
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APPENDIX 3

Watch List

The watch list comprises taxa that were previously,
but arc na longer, censidered Species af Special Can-
cern. Here we include an explanation lox each taxon's
change in status and discuss future conservation
<oncetns regatding Waich List 1axa.

California tiger salamander
(Ambystema califerniense)

[ennings and Hayes (1904a) identified this species
as the highest-cancern vernal posl-breeding amphib-
jan in the state. [n keeping with this asscssment and
recent research documenting its decline tanpe-wide,
A. californiense was listed under the California
Endangered Species Act as a Threalened species in
zo10, superseding Species of Special Concern sta-
tus. See Balster (2010) for the CDFW's recent status
review. The species was also listed under the federal
Endangered Species Act in 2000 {Santa Barbara;
Endangered), 2003 {Sonoma; Endangered), and
2004 {Central; Threatened), as three separate Dis-
tinct Population Segments. Recent multi-locug phy-
logeographic worlk indicates thal the Central Distinct
Population Segment is composed of twa separate
lineages frem the Inner Coast Range and Central
Valley and that these may be best cansidered as sepa-
rate unitls with different managemenit needs
{I. )ehnsen and B. Shaffer. unpublished data).

Orange-throated whiptail
{Aspidoscelis hyperythra)

This taxon was included by Jennings and Hayes
[tg94a) primarily because of habitat loss within its

[{43:]

relatively narrow range. We place it oo the Watch List
because, thus far, it appears to toleraie habitat frag:
mentation belter than many similarly distributed
taxa, including the red diamond rattlesnake {Crotalus
ruber), coast patch-nosed snake (Salvadora hexelepis
virgultea}, and Califarnia glossy snake {Arizona ele-
gans occidentalis), all of which have experienced more
severe deciines; and it remains relatively common in
many areas throughout its range. It is possiblc that
further developinent and habitat fragmentation could
cause more severe declines, so this taxon should be
periodically reevalnated,

Baja California rat snake
{Bogertophis rosaliae)

Jennings and Hayes (1994a} included the B. rozaliae
primarily as a precaution. Virtually nothing was
known about the species in California except that, if
it ever naturally occurred in the state, it was probably
rare and restricted in distribution [only a single speci-
men has cver been recorded). In the intervening
time, no additional specimens have been reporbed,
and no new information has became available for this
species. If this species is found to be a native compa-
nent af the California fauna, the conservation status
should be reevaluated when more is known about the
populations and habitat of the snake in California.

Yellow-blatched ensatina

{Ermsatina eschscholtzii croceater)

Jennings and Hayes {1994a) included this taxon pri-
matily avet concerns about land use changes within



its small range. We shared several of these concerns,
although the severiry of these threats appears to have
decreased since 1994. Aslong 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 designution as a Species of Special Con-
¢ern may not be necessary. We inciude E. e. croceater
on the Watch List to encourage reevaluation of habi.
tat availability far this taxon 1n the future,

Large-blatched ensatina
{Ensating eschscholizii klauber)

Jennings and Havyes (1994a) included this taxon pri-
marily over con¢erns about ongoing developmeut
within its range. We agree that development has had,
and is continuing to have, an 1mpact en this speciez,
although the severily of these impacts appears i be
gignificantly less than those being experienced by
other taxa with similar ranges. Further, the large-
bletched Ensatina appears to be commonly found
with stable populations throughout significant areas
of its range, including protected parklands. If the
extant of develepment imceeases within this salaman-
der's range, it may become necessary to reconsider
special cancern status and more active management.

Mount Lyell web-toed salamander
(Hydromontes platycephalus)

This taxon was included by Jennings and Hayes
{1904a) 25 a precantion, based on it patchy distribu-
tion and suspected susceptibility to local extirpa-
tions. We do not include H. plarpeephalus at this time
because, although it s paichily distributed, the spe-
cias appears to be stable thraughout most of its range
and is nat experviencing appreciable risk from habitat
disturbance {Wake and Papenfuss zoos}. Additional
populatiens have been found since the eatly 1990s.
and the species appears to be relatively common at
many sites. Although it is a California endemic, has
a moderately small range, and is a narrow ecological
specialist, this species dees uol appear to be cur-
rently at risk of immediate decline [Wake and Papen-
fuss 2003).

Owens Valley web-toed salamander
{Hydromantes plaiycephalus)

The Owens’ Valley populations of H. platycephalus
were inchuded by Jennings and Hayes {1994a) as a
precaution, bath because Jittle was known abont the
population biclogy of this elusive salamander and
because it was strongly sugpected that it was a dis-
tinct taxon. Research cornpleted since 1904 suggests
that these populations da not form a distinet lineage

but instead are part of the move braadly distributed
H. platycephalus lineage (Rovito 2010). As with H.
platycephalus, additional localities have been faund
and populations appear 1o be stable, leading us to
canclude that Species of Special Concern designa-
tion is not required at the present time {Wake and
Papenfuss zoog).

Southern Calfornia mountain kingsnakes
{Lamprapeltic zonate parvinubra and L. 7. pulchra)

The two southern California subspeciea L. z. parvi-
rubra and L. z. pulchra were considered Species of
Special Concern by Jennings and Hayes {1994a) on
the basis of suspected declines due to illegal collect-
ing and habitat destruction from some collectors. We
agtee that this has occurmed, although the current
scale of exploitation does not appear to threaten this
specics’ long-term survival, We placed the species on
the Watch List in recognition that collection pressure
and/or habitat destruction could rause the need 10
provide additional protections in the future.

Santa Cruz ksland gopher snake
{Prtuophis catemfer pumilis)

Jennings and Hayes {19942} included this taxon pri-
manly because af its small range (it is 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 been
rernaved fiom the largest part of the range, Santa
Cruz [sland {USNP5 2016). This island is also wel
protacted from future development because it is a
national park.

Corenado skink
(Plestiaden skiltoniarus interparielolis)

Jennings and Hayes [z994a} included P s. interpari-
etalis primarily becanse it has a relatively restricted
range and has disappeared from some areas. As with
Aspidoscclis hyperythra, we agree that some declines
have occurred, although their severity appears ba be
moadest, If these declines cantinue, further protec-
tions may be warranted in the future.

Dl Norte salamander
{Plethodon elongatus)

Jennings and Hayes {1994a) included the Del MNorte
salamander becausc of concerns regarding habitat
specialization by inland populations and the poten-
tial for timber harvest to destroy these habitats,
Although these are valid concerns, as well as for two
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close relatives of P. elongatus, the Scott Bar salaman-
der {Plethodonr asupak) and Siskiyou Mountains sala-
enander (P. stormi}, population status across most of
the range of this taxon appears 1o be stable. Inland
populations are paichy and likely more vulnerable to
habitat degradation, which is why we place this taxon
on our Watch List (H. Welsh, pers. comm1.].

Mountain yellow-legged frogs
{Rang muscosa and R. sierrae)

Mountain yellow-legged frogs were designated as
Species of Special Concern by Jennings and Hayes
{1994a) under the name R. muscosa. Vredenburg et
al. {zoo7) divided R. muscosa {sensu lato) into two
species on the basgis of morphometric measure-
meats, dilferences in advertisement call. and nita-
chondrial DNA: the Sicrra Madre vellow-legped frog
{R. muscase) in the south and the Sierra Nevada yel-
low-legged frog (R. sferra) in the north, Both species
were state listed in 2013, superseding Species of Spe-
cial Concern status. See Bonham and Lockhart
{zows) for the CDFW’s recent status review of these
taxa.
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Additional Taxa in Need of Research and
Monitoring

We identified the following taxa that did not qualify
for Species of Special Concern status but nonicthe.
less would beneht from some level of additional
reseatch andfor menitoring. We provide a brief
description of our concerns for each of these 1axa
below. ;

Orange-throated whiptail
{Aspidoscelis hyperythra)

Aspidoscelis hyperythre occurs in California in a rela-
tively narraw tegion of sauthern California. Much of
ils available habitat has been destroyed or is threat-
ened by ongoing urbanization and development.
Further, many of the areas where habitat persists
have become fragmented by development in inter-
vening areas. The taxon remains locally commen in
several areas, although ihis should be reevaluated
periodically. Further habitat modification could lead
to more declines that warrant additional protections.
Additional threats may arise fram increasing inten-
sity andjor frequency of wildfire in the region,

San Gabriz! Mountains slender salamander
(Batrachoseps gobrielr)

Batrachoseps gabrieli occurs in a small area in Los
Angeles and San Bernardine Counties {Stebbins
2003} Very few lacalities are known for this taxon,
and its range is probably not fully characierized
{Goodman et al. 1998, Hansen et al. zo005d]. The
salamander appears to be limited to talus slopes in
the vicinity of oak, big vone spruce, and pine {Wake
1906, Goodman et al. 1993]). 1t exhibits limited gur-

face activity and appears to specialize on an enviran-
ment that iz unlikely to be developed. This species”
known range lies within the boundaries of the Ange-
les and San Bernardine National Forests and appears
1o be well protected al the present time. However,
other narrowly distributed species of Bairachoseps
have undergone large and vnexplained declines, and
it is possible that similar declines could nccur for
this species (Jennings and Hayes 19g4a). For this
reason, perivdic monitoring and reevaluation of sla-
tus of B. gabrieli is warranted.

Baja Califernia rat snake
{Bogertophis rosaline)

Bogertophis rosaliae is known only fromn a single road-
killed specimen in California along Interstate §
(specimen SDNBM G.4416}. It is unclear if this rep-
resents an escaped or discarded pet, a rare migrant
from the known range farther south in Baja Califor-
nia, Mexico, or a regulay, infrequently encountered
compenent of the California reptile fauna. 1F a popu-
lation daes exist in California, onpoing developrment
along the boxder in both the United States and Mex-
ico is likely to isolate these populations from the
main part of the range, which occurs farther south,
1F s0, the California populations could be susceptible
> stochastic effects associated with small popula-
tions, as well as habitat loss from development. [n
some areas this species appears ta be asscciated with
palm oases, which are uncommon habitat patcbes,
so any degradation of this habitat may have severe
impacts on the taxon.
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If this species is native to Calilornia, it appears to
be encountered evceedingly rarely and is never
reported. Given this complete uncertainty concern-
ing its status and validity as a native element af the
Califernia fauna, we place this taxen on the Waich
List, primarily to highlight research needs. Surveys
for this taxon should be encouraged, although in the
absence of additional data, specimen collection
should be strictly limited to enly what is needed to
learn more aboul its natural hislory and status
within the state. However, we emphasize that tissue
samples might help determine if any Califoraia
specimens are native er introduced.

Yellow-blotched ensatina
(Evsatina eschscholtzii croceater)

Ersatina eschsehollzii crocenter occurs in a relalively
small area of Kern and Yentura Counties in sauth-
etn California. Some lucalized populations may have
undergone declines or extirpations due to develop-
ment, although data en this are s<axce. Warkers have
expressed concerns about land use practices and
development in the Tehachapi Mountains, Bear Val-
ley, Cummings Valley, and Tejon Ranch, particularly
in areas of vak woodlands (pers. comm. in jennings
and Hayes [1994a). One of the main concerns for this
taxon was thata ]arge fraction of its [ange acturs on
property owned by the Tejon Ranch Campany, the
largest contiguous privaie landholding in California,
and that this land would be developed in a way that
was incoinpatible with the salamander's survival.
Since the previous evaluation, a large [raction of
Tejon Ranch has been set aside for preservation
areas in which grazing, bul not developrment, may
continue {Tejon Ranch Conservancy 2008). In addi-
tion, many populations eccur on National Farest and
other public lands that are unlikely to experience
intetisc habitat medification. The availability of suit-
able habitat should be monitored periodically, and
habitat madification within its very restricted @mnge
should be avoided.

Southern California mountain kingsnake

(Lampropeltis zonate “Southern Clade™ or
L. multifascinta)

The southern clade of L. zonata includes the far-
merly recognized subspecies L. z. pulckrz and L. z.
parvirubra {Rodriguez-Robles et al. 19g9l), and has
moze recently been recagnized at the species level as
L. multifusciata (Myers et al. 2013), This snake spe-
cializes on rocky cutcrop habitats occurring primar-
ily in a variety of woodland and chaparral habitats
from sea level to nearly 3000 m (Stebbins zoo3). It is
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a popular species among herpetoculturists and cal-
lectors, and some have voiced concerns that habitat
destruction has caused localized declines. Overzeal-
ous collection of this snake does tend to destroy the
microhabitats within 1ocks, which can degrade
the quality of sites for a lang period of time, althaugh
the species exhibits a relatively narrow window of
surface activity, and much of its habitat may be rela-
tively inaccessible ko collectors. Staub and Mulks
{2009} surveyed the Mount Laguna region, San
Diegou County, from 2006 te 2008 and found that
75% of all rock piles surveyed had seme degree of
damage. They concluded that collecting is ongoing
and is not restricted to the vicinity of roads, support

ing the concerns that the intensity of angpeing col-
lecting could harm this species. Managers should he
wary of signs of habilat destruction, stemaming from
either collectors or other sources, particularly in
areas that experience heavy human traffic such as
Mount Laguna. If surveys demonstrate that these
collecting activities are depleting pepulations, fur-
ther management and enforcement of existing col-
lecting prohibitions may be needed.

Del Norte salamander
{Plethodan elongatus)

Plethodon elongatus occurs from the California-
Oregon border south into Humboldt and Trinity
Counties. Optimal habitat for this taxon appears to
be late successional and mature forests, which may
be increasingly mapacted by timber harvest in the
coming years (Welsh and Lind 19g5: H. Welsh, pers.
comm.). Prior to 2002, this species was managed
under lhe Northwest Forest Plan {Welsh and Bury
200§, Survey and manage program 2010). These
protections have now been removed, although much
of the habitat that supports this taxon remains pro-
tected undet the Plan (Northwest Forest Plan 1994).
Monitoring efforts should Focus on the impact of
timber harvest an this species’ ability to persist, par-
ticularly at inland sites.

western black-headed snake
(Tantilla planiceps)

The natutal hislory of T. planiceps is poorly under-
stood in Califorma, We have almeost no information
concermmg this species’ natural history, habitat
requiremnents, or population densities. The snake
seemns to be patchily distributed and rarely seen,
making the deteclion of papulation declines or extir-
pations difficult. In addition, much of its range
occurs in areas that have experienced heavy develap-
ment and habitat madification. Seame workers have



suggested that changing wildfire regimes in south-
ern Califorma could be having a negative impact on
this species; however, relevant data are very sparse.
An important priority for this taxon is an increased
teaearch eflort focused on distribution and habitat
surveys so that its ecological requirements and popu-
lation dynamics can be befter characterized. As
populations ate discovered, lissue samples should be
tollected for molecular analyses of the degree of 150-
lation and difTerentiation of these apparcntly dis-
junct populations.

Baja California night lizard
{Xantusia wigginsi)

Xantusia wiggins: was not known to be a part of the
California lizard fauna until recent genetic studies
established its presence in extreme southern Calilor-
nia {Leavitt et. al. 2007]. Virtuaily nothing is known
about this taxon’s range, life hislory, habitat require-
ments, or conservation status within California.
Further regearch on this species is needed before
assessments of its conservation slatus and manage-
ment neads can be made.
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GLOSSARY

ADPRESSED LIMES Position of the limbs snch that
the forelimbs are pressed backwards against the
trunk of the animal, and the hind limbs are
pressad ferward against the trunk. The distance
between adpressed limbs, a character which
measurcs the relative limb length with respect to
the trunk length, 13 usually best measured in
preserved specimens, since the limbs may be
damaged in living animals.

AlLopatric Qcocurring in separate areas; refers to
species ranges that do not overlap

aozyme Alleles of an enzyme that vary in their
speed of migration through an electrophoretic
gel. A common way to quantify penetic variation
before DNA sequencing became routine,

AMPLEXUE Mating behaviar in many aqnatic
anurans and some salamanders in which the
male grasps the female with the front legs.

ec Datrachachytrium dendrobatidis. A pathogenic
fungus that causes the disease chytridiomycosis
in many amphibians.

carapace The dorsal half of a turtle shell.

COSTAL CROOVES Lateral indentativns aleng the
trunk of many salamanders.

CRITICAL THERMAL MAXIMUM The temperature
above which a given specics ceases to be able to
maintain normal body function. Extended

temperatures above this point generally lead to
death.

CRITICAL THERMAL HINIMUM The temperatnre
below which a given species ceases to be able to
maintain narmal body function. Extended

lermperalutes below this point generally lead to
death.

crveTic Taxa Evolutionarily distinet lineages that
are morphologically conserved and are dilficult ta
distinguish froen one another on the basis of
marphology alone.

oiapaust A delay in Lhe life cycle of an erganism,
cften accurring in response to adverse
environmental conditions.

DORSOLATERAL FoLDS Ridges of the skin thatrun
aleng cither side of the back in many frogs.

EXTANT A taxon that is still in existence, apposite of
exlinct.

HIBERNACULUM A place used by ane or more
individuals to hibernate or undergo a period of
dormancy. Freqnently 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.

INTRCCRESSION Transfer of genetic molecules
from one species to another. In our nsape, this
most commonly refers to the transter of the
mitochandrial genome among specias due to
hybridization.

1soLATION BY DISTANCE The genetic signatnre that
tends 1o arise from the tendency of individuals
within a population to mate with nearby
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individuals. eventually leading to the gradual
accumulation of genetic differentiation across the
landscape.

KEELED A spine or ridge structure that runs along
the central axis of a scale or scute,

LATE-SERaL Used ta describe forests that are in a
later slage of succession. Typified by the presence
of large, old [>100 years) trees in the overstory.

MICRGSATELLITE Short repetitive regions in the
DMA that often exhibit a large amount of
variation due to the very high rate o mutation in
these regions aof the gensme. Frequently
employed to measure population genetic variation
within species, because their high mutation rate
allows them to track changes in gene Aow and
population size quickly.

miona An abbreviation for mitochondrial DNA,
the separate chromesome found in the
mitochondria of all plants and animals. Until
recently, it has been the standard molecule of
choice for rnost systematic, population genetic,
and phylogeographic research.

nASOLABIAL GRoovEs Characteristic grooves that
run from each naris {external nostril] down to
the wpper iip in plethodontid salamanders.

nucHaL Relating to or lying in the region of the
nape.

OceLLYs An eye-like spot.

ovirarous A mode of reproductian in which
embryos develop inside of eggs.

ovovivirparous A mode of reproduction in
which embryos develop inside of eggs which
are retained in the mother's body until
hatching.

PAECOMOAPHOSIS The tetention of larval traits
into adulthood. [n ambystomatid and
dicamptodontid salamanders, il is also used to
refer to reproduction in the larval condition.

PARAPHYLETIC A group of taxa, all descending from
of a commeon ancestor, that does not contain all
descendants of that ancestor. For examyples,
“reptiles” as traditionally defined ave paraphyletic
becausc they do not contain birds as a contained
taxon.

paraTaID GLANDS External skin glands that lie
along the back of the head or neck region and are
prominent in most toads and severa) species of
salamander.
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pca Principle component analysis. A multivariate
ordination approach that reduced the variability
ameong large seis of measured variables down to a
(usually] smaller number of independent
{orthogonal) variables.

PIT Tac Passive integrated transponder tag. A small
injectable tag that emits a unique electronic
signal that can be read using specialized
instruments. A frequently used method for
uniquely labeling individual organisms in a
population.

pLasTRON The ventral part af a turtle shell.

roLyTYPIC Having several morphological forms.
These may ar may nat correspond to evalutionary
lineages.

POND TYPE LARVAE Salamander larvae thai develop
in ponds are characterized by having relatively
large long fins associated with a relatively strang
swimming ability.

scUTE An enlarged scale, such as those an a turtle
shell.

sc Straight carapace length. The distance from
the anterior to the posterior end ol the carapace
taken along the midline and measured as a
straight distance {i.e., not measuring along the
curvature of the sheli). A standard way of
measuring body length in turtles.

sue Single nuclectide polymorphism. A
homalogous nucleotide position in a DMNA
sequence that is variable amang conspecific
individuals. SNFs are increasingly used instead
of allozymes, microsatellites, and miDNA for
population genetic and species delimitation
studies.

STREAM TYPE LARVAE Salamander larvae that
develop in streams are typically smaller than
pond type larvae and have smaller tail ins.
Behaviorally, they tend not to swim in the open
water and instead remain ncar the substrate.

svL Snout to vent length. The distance from the hip
of the snout to the anterior edge of the cloaca. &
slandard way of measuring length in many
amphibians and reptiles.

1t Total length. The distance from the tip of the
snout ta the end of the tail.

vivipsRrous A mode of reproduction in which
fermales give birth to live young that are not
relained in shelled egps {compare with
ovoviviparous).



INDEX

Note: Page number followed by (/). (in}. and (1) indicates figure, map, and tnble respectively,

agricultural runefl, 016, 122 amphibians and repliles, management of, 36 43
agrochemicals, 75,110 Amphibian and Reptile Conservation [nventory and
Ambystoma califprniense, 18, 42,168 Monitaring guide, 43
Ambystoma macrodactylum sigiflatum, 136 41. 1A6{0} in Galifornia, 155(t)-3G6{t)
breeding activity and egg laying, 138 mitigating effects of roads, 4142
breeding seazon, 139 protection of
courtship, pattern of. (38 aquatic habitats, 19—40
diet of, 139 terrestrial habitat patches, 4041
dizease and envirenmental conlaminants, 140 translocation of animals, 42 43
distribution of, 137(m), 139~40 Ancides flavipunclatus niger, 14245, t4z(f)
cffects of climate change on, 140 allozyme siudics ol, 144
habitat requirements for, 139 breeding activity and egglaying, 144
hibernation, 138 distribution of, 143{m), 144-45
identification of, 13638 elfects of climate change on, 145
in Klamath—Siskiyou binregion, 139 habitat requirements, 144
life history of, 138-1g identification of, 142-44
management of, 141 life history of, 144
metapapulalion dynamics, 141 management of, 145
migration to breeding habitat, 138 mitochondrial DNA analysis, 144
monitoring, research, and survey needs, 141 manitoring, research, and survey needs, 145-46
25 Priority 2 Species of Special Concern, 136 as Priority 3 Species of Special Cencern, 142
ranavirus infections, t40 risk factors, 14z (t)
recalonization of, 140 status of, 142, 145
reproduction, 138 streamside miccohabitats, 144
risk factors, 1361t} taxonormy of, £44
in spring-fed water bodies, 130 threats faced by, 143
status of, 136, 141 trends in abundance, 145
sugceplibility to local cxtirpations, 139 Anniella puichra, 186-91, 136 (f)
taxanomy of, 138 breeding season, 188
threars faced by, 140 chmate change, impact of, 190
trends in abundance. 140 distribution of, 187(m), 18y
upland habitat, 139 feeding ecology of, 188



genelic markers, 191 climate change, impact of, 55

gestation period, 188 cluich size, 53
habital cequirements 188 8¢ distribution of, 52(m), 55
habitat suatabulity for, 189 habilat requirements, 53-55
human-disturbed habnats, 19a identification, 51 53
identificaticn of, 18G-88 larvac of, 51, 55
life histary of, 138 Iife hustory, 53
management of 190 management recommendations, 57
mating activity, (88 marijuana cultivation and, §7
microhabutat suitabnlity, 18¢ monitaring, research, and survey needs, 57 58
michendnal DHA analysis, 188 population decline, 55
monitering, research, and survey needs, 1go—gr risk factory, 5i(t)
movement ecology, 188 raad consteuction, impact af, 56
nuclear DNA analysis, 188 sensitivity o warm temperatures, 54
as Priority 2 Speties of Special Concern 136 sexual maturity of, 53
risk factors, 1BG(Y) statug determination, 57
sexual maturity, t88 status summary, 5t
status of, 186G, 190 in strearas, 54
surface activity, 188 taxonomic relationships, 53
taxonomy of, 188 thermal talerances of, 54
threats faced by, 189 -9a threats faced by, 55-57
trends in abundance, 139 umber harvesting, impact of, 56
Anza-Borrege Dresert Stale Park, 248 49 bme to metamorphosis, 53
Apalone spinifera, o2, yo7 trends in abundance, 53
aquatic habitats, in Califorma, 31 Aspidoscelis hyperythra, 368 Gg, 371
acidification of, 73 habital destraclion, impact of, 371
aquatic invasive predators, 3t Aspidoscelis bgns stepnegeri, 192-gb, 192f)
aquatic invertebrates, 307 diztribution uf, 193(m), 105
Argentine ant, See Lunepithema humile habitat loss and fragmentation, 195
Arizona elegans candiin, 257 habitat requirernents fot, 19495
Arizena elepans churnata, 257 identification of, 192-94
Arizonu eleguns occidensalis, 255 59, 2551f), 368 life history of, 194
breeding activity and egp laying, 257 managemens of, 196
coloration of, 255 monitoring, research, and survey needs, 196
distinctiveness of, 257 population size, 196
distribution of, z5G(m), 258 as Priority 2 Species of Special Concern, 1yz
ecological specialization and endermsm, 258 reproductive activity, 194
habitat requirements, 257-58 risk factors, 1gait)
identifcation of, 255 status of, 192, 190
life history of, 257 taxehamy af, 199
management af, 259 threats faced by, 1p5
munitoring, research, and survey needs, z39 trends in abundance, 195
pitfall trapping of, 258 assisted migration, importance of, 231
population sizes, 259 Association of Fish and Wildlife Agenries, 44
prey of, 257
as Pricrity 1 Species of Special Concern, 255 Baja Calilornia coachwhip. See Masticophis fuliginosus
reproductive activily, 257 Baja California night lizard. See Xaniusin wigginsi
risk factars, a55(t) Baj California Peninsula. 500
status of, 255, 258-59 Baja California rat snake. See Hogertophis rozalize
taxonomy of, 257 Butrachochytrivm dendrobatidis ( 8d), 45, 68, 73, 82, 91,
threals faced by, 258 9G-9g, 104, 116-F7, 122, (42 -41, 134, 375
trends in abundance, 258 Butrackaseps campi, 147—50, 147{[)
Atroye taad. See Bufo californicus distribution of, 148({m), 145
Ascaphus bruer, 51-58, s1{f) elevational range of, 149
breeding behayior, 531 habitat requirements for, 149
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identification of. 147-49
life history of. 149
management af, 150
monitering, research, and survey needs, 5o
as Pricrity 3 Species of Special Concern, 147
risk factors, 147{t)
status of, 147, 150
aurface activity of, 149
taxenomy of, 149
threats faced by, 14950
trends in abundance, 149
Batrachoseps gabrieli, 37t
Batrachoseps mingr, 151-55, 151{[}
distribution of, 152(m), 153
DNA sequences, 154
elfect of invasion of exotic plants on, 154
habitat modification, 154
habitat requirements for, 153
identification of, 151-53
life history of, 153
managemant of, 154
mitachondrial DNA analysis, 153
monitoring, research, and survey needs, 154-55
as Priority 1 Species of Special Concern, 151
risk Factors, 51{t)
sensitivity to habitat, 54
status of, 151, 154
taxonomy of. 155
threats faced by, 153—54
trends in abundance, 153
Bairachoseps relictus, 15660, 156(0)
aquatic mi<rahabitats af, 159
distinctiveness of, 158
distribution of, 157(m), 159
effects of climale change on. 159-6o
fhabitat degradation from road construction, 159
habitat requirements for, 15g
identification of, 156-5&
life history of, 15855
management of, (6o
mitechondrial DNA analysis, 158
monitoring, research, and survey needs, 160
as Priority [ Species of Special Concern, 155
risk factors, 156Gt}
status of, 156, 160
surface activity of, 159
taxonomy of, 153
threats faced by, 155-60
trends in abundance, 15g
Bogeriophis rosaline
decline in population of, 368
habitat of, 363
destruction of, 371
status of, 368, 372
Breckenridge Mountain, 158-Ge

Breeding Bird Surveys, 47
Bufs alvarius, 50-63, 594(1)
breeding behaviar, 61, 63
distribution of, Go{m), 61-62
elTect of
landscape modiheation, 62
pesticide applicatians, 62
habitat requiremems, 61
identification, 55-61
life history, 01
management recommendations, 6z-&
metapopulation dynamacs, G
monitoring, research, and survey needs, 63
osieological and genetic data, 61
poison of, 61
txicity of, 61
population decline, 6z
causes of, G2
as Priadty 1 Species of Special Concern, 59
risk factors, 5o(t)
status determination Ga
status of, 59,02
taxonomy of, 61
threats faced by, 62
trends in abundance, Hz
Bujo californicus, 64 68, 64(F)
Anaxyrus penus, bb
breeding behavier, 66
distribution of, 65(m), 57
droupht and Bl Nifio vycles, effects of, 68
feeding habits, 66&
in human-made habitats, Gy
identification of, 64-06
larvae of, 6G-G7
life history of, 6G-GA
management recornmendaticns, 68
monitoring, research, and survey, 68
mortality rate of, 67
nocturnal activity, patterns of, 66-57
nonnatural disturbances, 66
population size and connactivity, 63
predation pressure, G7
as Priority 1 Species of Special Concern, 64
radia tracking of, &7
reproductive veason, 06
risk factors, G4(N)
seasonal activity peried for, GG
sexual maturity, 66
status of, 64, 68
streamn and ripatian habitat, &7
survivomship of, 66-63
taxonomy af, 56
threats faced by, 63
trends in abundance, 67 G8
USFWS recovery plan for, 63
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Bufo canorus, 69-76, Ggif}
braading activity and egp-laying, 71-72
breeding chinruses, 7t

human disturbance of, 73-75
breeding season, 75
digease outbreaks, 3. 73
distribubion of, 70{m). 72-73
drought, ellects of, 74
embrycs and hatchlings, 73
genetic differentianon, 7o
genetic distance between populations, 7t
habitat medification. impact of, 74
habitat requirements, 72
hibernation and breeding biolegy, 75
identification of. 6g- 71
insect food supply for, 74
larvae of, 72
life history of 71 72
livestock grazing, inAuence of, 74
managerient prograrm., 75
metamorphosis of, 71
melapopulation dynamics, 74
moniloring. research and survey needs, 75-76
maortality rate, 73
palatabilily of, 4
population decline, 72-73
causcs of, 73, 75

predators of, 74
as Priarity 1 Species nf Special Concern, 75
prolection from predation, 72
risk factors, G6g(t)
seasonal activity period, 72
sexual maturity of, 75
i snawmelt paols, 73
status of, Gg, 75
stress and immunosuppression, 75
taxonomy of, 71
threats faced by, 73—75
trends in abundance, 73

Bureau of Land Management, §

California Aquatic Invasive Species Management
Plan, 40
California Climate Actian ‘Team, 44
assessments of, 11
California Coastal Act {1976), 81

California Department of Fish and Wildlife (CDEW).

46,19

Biogeographic Information and Obaervation
System, 16

Geographic Inforrnation System, 16

California Endangered Species Act, 4-6. &, 14,19, 33,

231,368
California Environmenlal Quality Acl, 5, 16
California Essential Habitat Connectivity Project, 41
California Floristic Province, 4
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California giant salamander. See Dicempiodon ensatus
California plassy snake. See Arizona tlegans occidentnalis
Cabiforma kangaraoo rat. See Dipodomys californicus
California legless hizard. See Anniella pulchra
California Natural Community Congervalion
Platining, 41
California Natural Diversity Databaze, 5. 13, 16, 33, 216
Calhforma red-legged frog. See Rana draytonii
California tiger salamander. See Ambystoma califoratense
California Wildlife Habitat Relationships. 16-17
cannibalismn, 36, 133. 103, 183
carbon emmissions, 11, 44
Carson River, 300
Cascades fiog See Rana cascedae
Christias Bird Counts, 47
chytrid fungus. See Batrachochytrivsn dendrobatidis
chytridiomycosis, 73, o1, 122
citizen scence, 47
climate change
conservation rigk due to, 30
impactsof, 44 45,102
vulnerability to, 11, 12 (Y
Coachella Valley, zzn
Muitiple Species Habitat Canservation Plan, 232
coastal tailed freg. See Ascaphus truei
coastal whiptail. See Aspidoscelis tigris stejneperi
toast horned lizard. See Phrynosoma blainviliii
coast patch-nosed snake. See Salvadora hexalepis
virgultea
voast range newt. See Taricha torosa
Coleonyx variegatus abbotti, 197 zo1,197(f)
distinctivencss of, 100
distribution of, 198{m}, 199-200
habitat degradation, 20a
habitat requirements, 159
identification of, 197—99
impact of
artificial night lighting, z00
climate change, 200
development and agriculture, zoo
life history of, 19g
managemet of, 200
monitoring, research, and survey needs, 200-2a1
nuclear DNA matkers, 199
pitiall trapping. 199, 201
as Priority 3 Species of Special Concorn, 197
repraductive activity, 199
rick factors, 197t}
slatus of, 197, 200
surface activity, 199
tasanomy of, 199
threats faced by, zoo
trends in abundance, 200
Colorado Desert, 35
Calorado Desert fringa-toed lizard. See Usia nolata
Calorada River, 307, 308



cormtnon gartet shake. See Thamnophis sirtalis
common musk turtle. See Sternotherus odoratus
Cope's leopard lizard. See Gambelia copeii

Comriado skink. See Plestiodon skiltonierus interpariealis

Couch’s spadefoot. See Scaphiopus couchii
counties and islands, of California, 5o(m}
Crotalus ruber, 260-63, 260([), 368
climate change, impact of, 264
coloration and behavior, 260
courtship and mating, 262
denning behaviar, 2G2
distribution of, 261{m}, 263—64
gestation period, 262
habitat requirements, z63
identificatian of, 260
lite history of, 262-63

management of, 264

menitoring, research, and survey needs, 264—65

neonates of, 200

pitfall trapping, 265
preyol, 203

as Pricrity 3 Species of Special Concern, 260
radiairacking of, 262
repreduciive activity, 262
risk factors, z6o(t)
sexual maturity, 263
skatus of, 260, 264
taxonomy of, 262

threats faced by, 264
trends in abundance, 254

Dale Dry Lake, San Bernardino County, 242
Daphniz magna, 45
DDT pesticide, 116
Death Valley, Inyo County, 260
Del Norte salamander, See Plahodon slongntus
desert glossy snake. Scr Arizona elegons eburnala
desert mule deer, See Odocuileps hentionus croods
Dindophis punctatus regalis, 266-70, 266([}

breeding activities and egg laying, 268

climate changes. impaci of, 2669

denning activities, 268

distribution of, 269{m], 26y

habitat requirements, 269

identification of, 266

life history of, 268 &g

management of, 26g-70

mitochendrial DMA, 268

manitoring, research, and survey needs, 270

prey of, 364

reproductive activity, 268

risk factors, 2664{t|

risk of extirpation, afbg

status of, 266, 269

taxonomy of, 268

threats faced by, 26g

trends in abundance, 269

Dicamplodon enratus, t61-65, 161{F)

breeding activity and egp laying, 1653
breeding and larval development, 163
breeding season, 153
cannibalism behavior, 163
distinctiveness of, 163
distribution of, 162({m), 163-G4
ellecs of

climate chanpe, 164

wildhre, 164
fragmentation of riparian habitat, 1G4
genetic markers, 161
habitat requirements for, 153
identification of, 161-G3
larvae of, 163

habitat of, 163

in slow-moving water, 153
life hisrary of, 163
management of, 155
monitering, research, and survey needs, 163
mortality and habitat degradation, 164
paedomorphosis, prevalence of, 163
pithll trapping, 165
as Priority 3 Species of Special Concern, 101, 154
risk faclors, 16idt)
status of, 181, tha
taxonomy of, 153
threats faced by, 164
trends in abundance, 164

Dipodomys califernicus, 221
dipease transmission, 4.2, 45

1n Bufo canorus, 73, 75

DMA sequencing, 11, 154, 252, 277

East Bay Regional Park Dvistrict, 103
Elgaria panaeminting, 202-6, 203(f)

distribution of, 203{m), 205

habitat requirements, zos

identification of, 202—4

life history of, 204—5

manapemenl af, 205-6

montoring, research, and survey needs, zoG
predators of, 205

as Priority 3 Species of Special Concern, za2
reproductive activity, za4

nsk faclors, z02z(%)

status of, 202, 205

taxonomy of, 204

thermal tolerances. zo4

threats faced by, zas

trends in abundance, 205

El Nidwcycles, 68
Emys marmorata, 296-301, 296{()

clutch sizes, 299
diet, 204
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distribution of, 297(m), 3c0-30r
growth rates of, 299

habitat loss of, 301

habitat requirements of, 299, j0o, 303
hatchlings of, 295

human-modificd habitats, impact of, 303
identification of, 298

introduced species, impact of, 208

lile histary of. 299

gene flow, isolation-by-distance model of, g5
generalist predator, 44

Gila monster. S3ce Heloderma suspectm
glyphosate, 110

granite night lizard. See Xantusia kenshaun
Great Basin and Senoxan ecoregions, 15
Greenhorn Mountains, 158—59

Habitat Conservation Plans (HCFP), 5. 31

management recommendations, 302—3 habitat carridors, 41 -42, 58,135, 196, 201, 211, 237, 245,
mating season, 299 233, 204
melanistic, 298 habitat fragmentation, 31, 15, 41, 195-00, 233, 24344,
monitaring, research, and survey needs, 303 282-83, 168
movement te overwintering sites, 249 habitat loss and degradation, 34. 81, 171, 184,139, 253
nest sites, 299, 303 hahitat quality for species, determinants of, 231
papulation sizes, eI habitat restoration, &3, g2, 98-99,108, ne, 135, 150,
predatars of, 102, 303 190, 195, 23L, 244, 299, 204~ DY, 303
teproductive maturity, 299-300 Havasu Naticnal Wildlifc Refuge, 308
risk factors, 2o8(t) headsrarting programes, 43, 303, 308
status, 208, j0z2 Heloderma horridum, 214
taxonomy, 298-99 Heloderma suspecium, arz—17, az{l}
threats faced by, 301-2 daily activity pattern, 21§
trends in abundance, 3o diet of, 215
endemic and near endemic species, 13[4 distribution of, 213{m}, 215-16
Ensaling eschscholtzii croceater, 308 -6gq, 372 loraging behavior, 215
environmental contamination, 73, 97—98, 1o, 140 habitat requirernents, z15
environmental impact assessment, 36 haming ability, 215
identificavion of, 214
Fallen Leaf Lake, 109 life history of, 214-1%
Federal Endangered Species A<t B, 244 male—male combat, 215
fishbait industry, 109 management of, 216
fal-tailed horned lizard. See Phrpnosema meallin rionitoring, reszarch, and survey needs, 216-17
Elar-tailed Hornied Lizard Interagency Coardinating nocturnal activity, zis
Committee, 229, 231-32 repraductive activity, 215
taothill yellow-lepged frag, See Rana boyhe riparian oy xeroriparian habitat, 215
forest ecosystems, 11 risk factors, 214{1)
sexual maturity, 215
Gambetin copein, zop-11, zo7 (I} as Species of Special Concern, 214
breeding seascn, 209 status of, 214, 216
distribution of, 2e8{m|, 210 subspecies of, 214
gene flow and hybridization, 209 taxonomy af, 214
habitat less due to development, z1o thraals faced by, 216
habitat iequirements, aog-1o trends in abundance, 216
hibernation, 209 venam, use af, 21§
identihcation of, 207-9 berpetofauna, 42, 250
life history of, 209 hibernation
managementof, 210 of Ambypstoma macrodactplimn sigillalum, 138
nwonitoring. rescarch, and survey needs, an of Bufo canorus, 75
risk fachors, 207(t) of Gawbelia copeii, 2ag
sexual size dimerphisni, 209 of Kinosternon sonoriense, 306
as Species of Special Concern, zoy of Phrynosoma mcallii, 227
status of, 207, 2ta of Renn pretiosa, 114
taxanomy of, 209 Humbuoldt Bay National Wildlife Refuge, 79
threats faced by, 210 Hurnheldt Ceunty General Plan, 8,171
trends in abundance, 210 Hydromanles platpeephalus, 19, 309
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itnperial Valley, 62

.vmduced species, impactof, 4. B3, 104, 133, 18384,
190, 232, $01-32, j08

invasive species, 36, 40, 89, 114, t84-85, 103

[hyo Mountains salamander. Sce Batrachoseps campt

Eathleen, Hurricane, 122
Kaweah River, 18z
Kern River Canycn, 158—59
Kinosternon senoriense, 104-9. 304(0}
clutch sizes, 300
dechne of, joft
diet of, 300
distribution of, 305{m), 307
feeding habits of, 300
habitat lass of, 305
habitat requirements, 306-7
headstarting program, 308
hibernation of, 106
idemtilicalion of, 304-6
lifa histery of, 306
management recemmendations, 3e8
moenitering, research, and survey needs. 308-g
population densities, 306
reproductive maturity, 306
rizk facters, 3041t}
status af, y04. 108
taxonomy of, 306
terrestrial movements, 306G
threats faced by, 108
trends in abundance, 307-8
Klamath-Siskiyou bigregion, 139
Klauber, L.M., 68

Laguna Dam, 168

Lampropeliis multfasciata, 372

Lampropeliis zonala parvirubre 3169, y72
Lampropeltis zanata pulchr, 169, 372
landscape genelics 45, 146

land use, conversion to agriculture, 301
Lassen Volcanic National Park, 140

lesser slender salamander. See Batrachoseps minor
Linepithema humile, 221—23

livestock grazing, influence of, 74

Lawer Colorade River, 121-23, 216

lowland leapard frog. See Rana yavapaiensis
Lucas Creek, 150

marijuana cultivation. 35, 55-58, 81, 83, go-91,
r7o-72
Masticophis flagellism ruddocki, 271-74, 2;71{f)
climate change, impact of, 274
denning activity. 273
dietof, 273
distribution of. 272({m), 273

habitat requiremenits for, 273
identification of, 21
life histary of, 273
management of, 274
mating seasen. 273
mitocticndrial DNA analysis. 273
monitoring, reseanch, and survey needs, 274
mortality of, 274
prey of, 273
as Priority = Species of Special Concern, 271
risk factors, 271t}
status of, 271, 274
surface activity, 273
Laxonomy of, 273
threats faced by, 273-74
trends in abundance, 273
Mausticophis fuliginosas, 275 78, 275 (f}
climate change, impact of, 278
dict of, az7
distinctiveness of, 275
distribution of, 276(m), 277
diurnal behavior, 277
foraging behavior, z77
habitat requirements for, 277
hatchlings of, 277
home range sizes, 277
identification of. zp5—77
life history of, az7
management of, 278
mating activity, 277
mitachondrial DNA analysis, 277
monitazing, research, aod survey needs, 27§
prey of. 277
as Priority 3 Species of Special Contern, 275
radiotelemetry of, 27y
risk factors, 275t}
status of, 275, 278
taxenomy of, 277
threats faced by, 278
trends in abundance, z78
Mattole Walershed, 5455, B8, 16570, 177
McCloud River, 109
Mendocinn Mational Farest, 8o
Mesquite Mountaing, 216
metapopulation dynamics, 31, 41, 53, 74-75. 98, 134,
141,185, 238
Mexican beaded lizard. See Heloderma horridum
migration of spacies
assisted migration, 231
corridors for {See halitat corridors}
for ensuring gene flow, 241
migration tunnels, 42
Mojave Desert, 3, 3415, 149, 189, 222, 235, 2G9, 273
Mojave fringe-loed lizard. See Uz scoparin
Mojave glossy snake. See Arizona elegans candida
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Mojave River, 100

Menterey perunsulz, 136

morlality, road-associated. 41—42

mountain yellow-legged frogs. See Rane muscosa;
Rana sierrae

Mount Laguna, 372

Mount Lyell web-iced salamander. See Hydromantes
platycephalus

Natural Community Canservation Plan (NCCP), 5, 31,
196, 232

nominee taxa, scoring of, 12

nonnative plant species, 233

northern leopard frog. See Rana pipiens

northern red-legped frog. See Rana aurcra

northern western pond turtle. See Emps marmorata

Marth Fork Feather River, go

Worthwest Forest Plan, 372

nuclear DHA markers, 1os, 110, 109, 277

Qcotillo Wells State Yehicular Recreation Area, 227-
28, 220

Odocoilens hemiones crooki, b3

Old-growth Wildlife Project. 169

orange-threated whiptail. See Aspidoscelis hpperythra

Dregon spolled Trog. See Rana pretiown

oviparous reptiles, 264, 287

Owens River, 109

Owens Valley, 39, 109

web-toed salamander {See Hydromantes

platpeephalis)

Pactfic treefrog. See Pseudocris regitla
Panamint alhgator lizard. See Elgane panamintina
Peninsula Open Space Trust, 145
pemnsular leaf-ned gecka. See Phylladazyins nocticolus
Pepperwood Creek, 179
Phrynosoma blaimadliz, 218 24, 2:8(0)
agriculture and development, impact of, 222
breeding season, 220
cattle grazing and. 224
chmate change, impact of, 223
deaths due lo predalion, 221
diets of, 223
distribution of, a19{m]. zar 22
dwrnal activity, zz2o
effects of wildfire on, 223 224
habitat requiremertts, 221
identification of, 21810
life history of, 220 23
management of, zz1
nucrohabstat preferences, zar
mitachondria. DN A apalysis, z20
monitoring, research, and survey needs, 22j-24

mtfall trapping. 221

84 mpIx

population decline, 222

as Priority 2 Species of Special Concern, 2t8

radio tracking of, 221

reproductive activity, 220

risk factars, 218(1)

road mortality, 221

sexual maturily, zzo

status of, 218, 223

surface activity, 221

survival rateg, =

taxonomy of, 320

thermaregulation, 221

threars faced by, 222-23

trends in abundance, 222
Phrynosoma meallii, 22533, 225(F)

breeding activity and egg laying, 227

breeding seascn, 227

cluich size, 227

daily activiry patterns, 227

dictof, 228, 211

distnibution of, 226(m), 229

habitat loss and fragimentation, 230

habnat requirements, 228 29

hibernation, 227

identification of, z23-27

life history of, 227 28

management of, 231-32

mar«recapture studies of, 230, 232

monitoring, research, and survey needs, 232-33

martality, causes of, 230

phrlogeographicsiudy ol 227

pepulations of, 229

predators of, 228

as Priority z Species of Special Concern 225, 231

radistelemetry studies aof, 227 28

renewable energy projects, impact of, 231

risk factors, 2254t

scat counts, 212

sexual matunty, 228

shade-seeking behaviar, 22

status of, 225, 231

surface activity af, 227

survivorship of, 228

taronomy of, 227

threats faced by, 230—31

trends in abundance, 229 30
Phylladactplur nocticolus, 248
Phylogeography. 45. 160, 194, 241. 309
pitfall trapping, 185, 173, 199, 201, 32T, 258, 265
Piuopies catenifer pumilis, 369
Picstiodon skilfontanus interparictals, 369
Plethodon asupak, 370
Fiethodon glongatus 369, 372

habitat, 332

timber harvesl. impactof, 372



Plcthodon stormi, 170
Praivie Creek Redwoods State Park, 170
Pseudacris regilla, 75

radivtelemetry, 67, 87. 92, 103, 228, 259, 262, 264. 277,
278, 288
Rana aurera, 77-&3,77(0)
artificial habitats, 8a
breeding activily and egg-laying, 79, &
breeding season, 74
in coastal streams, 8o
distribution of, 78{m), 8o
embryonic development, 79
halsitat requirements for, 79-80
identification of, 7779
impact of
agricultural and residential development, 81
climate changes, &2
ferest conversion, 81
habitat loss and degradation, 81, 83
marijuana cultivation, 8, 83
pesticides and herbicides, 8t
sea-level-rise, 83
life histery of. 79
fmanagement of, &3
mesocasm experiment, &z
metamarphosis of, 79
manitoring, research, and survey needs, 83
population decline, 8c-8:
predatars of, 81, 83
as Priority 2 Species of Speaial Cancern, 77, B2
radio tracking of, 80, §a
recolanization of, 81
tisk factors, 77(1)
saltwater tolerance, 83
status of, 7y, B2
taxonemy of, 79
terrestrial versus aquatic life stapes, 82
threats faced by, 81-82
trends in abundance, So0-81
Rana boylit, g1, 8492, B4}
breeding activity and egg-laying. &G
breeding and avipasition, 87
cannibalistic behaviar, &7
distribution of, 85{mj. go
extirpations, 8o
food resources, 87
habitat requireraents for, §7-38
hydrological etfects, g2
identification of, 84-86
larvae of, &7
life histery of, 3687
managementoef, gi-92
metamor pliosis of, 87
manitaring, research, and survey needs, g2

movements te or from breeding sites, By
onset and duration of breeding, 86
pesticides and herbicides, impact of, go
population dynamics, 92
as Priorily 1 Species of Special Concern, 84
radiomlemetry studies, 87, gz
risk factors, 84{t)
skaletechronclogy of, 87
in snowmelt-fed atreams, g1
status of, 84, g1
survivarship of, g2
taxonomy of, 86
threats faced by, Bo—q1
trends in abundance, 8y
Runa coscdae, 93—gn, g1l
breeding activity and egg-laying, o5
diet of, 95
distribution of, g4{m), g&
cmbrye development, g5
habitat loss and modification, g7
habitat requirsinents, 95-96
identification of, g3—g5
isclation-by-distance model ef gene flow, g5
life history of. g§
management of, g¥—pg
manitoring, research, and survey needs, 09
mortality of, y7
pesticide use, impact of, g7
population dynamics of, 96, 98
predators of, 96, 97
as Priority 2 Species af Special Concern, 03
tecolonization of, g8
rigk fachors, g3 {t}
status of. 93, 98
taxonomy of, 95
threats faced by, 9G93
trends inabundance, 96
UV-B radiation, impact of, 97, 9&
Rara draplonii, 100-103, 100{f)
breeding activity and epg-laying, 102
breeding season, 103
dietof, 102
distribution of, ror{mj), ro3-4
effect of introduced species on, 104
elevational range of, 104
foraging behavior, 102
habitat requirements, 102-3
impact of
caitle-grazing, 105
climate change, 104-5
pesticide use, 105
urbanization and agriculure, 104
larvae of, 102
life history of, 102
management of, 125
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mitochondzial DNA variation, 102, 105
monitoring, research, and survey needs, 105
pepulation trends of, 103-4

prey types, 102

as Priority 1 Species of Special Concern, 100, 195
radiolelemetry studies. 105

risk factars, roc(t)

status of, 1600, 10§

taxonomy of, 1oz

threals laced by, 104

trends in abundance, 104

USFWS recovery plan for, 105

Rana muscosa, y70

Rana pipiens, 106-111, 106{[}

distribution of, to7{m), 108-g
habitat requirements, 108
identification of, 10G-8
impact of
climate changes, 109
habitat modihcation. 109
livestock grazing, 109
pesticide use, (og-10
life history of, 108
management of, rro
mitochondnial DM A variation, 110
maonitoring, research, and survey needs, tro-11
morphology and vocalizations, o8
mortality of. 110
ag Prinnty 1 Species of Special Cancern, 1e6
risk factors, 1o B(t)
status of, oG, 110
laxonomy of, 108
threais facad by, 1og-10
trends in sbundance, 1og
Reny pretiosa, 112—18. 112([)
breeding activity and egg laying, 114
distribution of, 113 (m), 115-16

genetic differentiation 2nd population structure,

718
habitat requirernents, 11415
hibernation, 114
identification of, 112-14, 117
life history of, 114
management of, 117
mitochondrial DNA variation, 114
menitoring, research, and survey needs, 718
prey of, 114
as Priority 1 Species of Special Concern, 112, iy
rigk factors, tr2{f)
starus of, 112, 117
survivarship of, 114
taxanomy of, 114
threats faced by, 116 -17
trends in abundance, 116

Rans pavapuicnsts, 119—24. 119{[)
coloration of, rar
diseases, 122
distribution of, 12z(m), 122
habitat requircments for, 121-22
hybridization of, 122-23
identification of, r1g—ar
larvae of, 123
life history of, 121
management of, 1z}
molecular markers, 123
malecular phylogenic analyses, ra3
monitoring, research, and survey needs. 123 24
natural vulnerability, rz3
population decline, 12z2-25
causes of, 124
predators of, 122 23
as Priority « Species of Special Concern, 119
reproductive biology of, 121
risk faclors, 119(1)
salt tolerance in, 122
status of, 119, 123
tamnomy af, 121
threats faced by, 122-21
trends in abundance, 122
range maps for each species, development of, 17(m)
red-bellied newl. See Taricha rividaris
Red Creek, Tehama County, 88
red diamond rattlesnake. See Cratalus ruber
red-eazed slider. See Tradiemys scriptu elegans
regal ring-necked snake. See Diadophis punciaivs
regalis

relictual slender salamander. See Batrachoseps relictus

relocation programs, genetic consequinces of, 4z
Rhyacotriion varieguing, 166-73, 166{f)

breeding activities and egp laying, 168

breeding season, 168

clutch size, 168

coaslal papulations, 171

dist of, 169

distribution of, 1G7(m], 16g9-70

geographic ranges and genetic distinciiveness, 168

habitat loss and degradation, 171
habitat requirements for, 169
identification of, 16668
impacts of
climate change, 170
herbicides and pesticides, 171
marijuana cultivation, 170-72
roadbuilding, 170
nmber harvesting, r7a
landscape genetic studies of, 173
larvae of, 163
life history of, 168-G9

Rana sierras, 370 managerment of, 172

ranavirus infeclions, 45, 140—41 mitochandrial DN A analysiz, 168
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manitoring, research, and survey needs, 172-73
pitfall trapping, 173
28 Priority 1 Species of Special Concern, 166
risk factors, 1G6(L)
sexual maturity, 163
status of, 166, 171-72
in stream channel, 16g
taxonomy of, 1GE
thermal tolerances of, 16g
threats faced by, 170 71
trends in abundance, 170
river management, oI 9z
road consiruclion, lmpact of, 41-42, 55 $6,159 Go,
164
Roundup®, 110

Sacramento Valley, 300
Salinas River Valley, 86, 88
Safvadora hexalepisvirguirea, 270-84, 279(f). 368
climaie change, itnpact of, 283
diet of, 281
distinctiveness of, 281
distribution of, 28a|m). 28z
genehic analysis of, 231
habitat requiremenis, 282
identification of, 279
life history of, 23t 82
management of, 283
monitoring, research, and survey needs, 283-84
movernent ccology of, 281
population decline, 282
prey of, 251
as Priority z Species of Special Concern, 279, 283
visk factars, 2791t}
slatlus of, 2779, 284
taxpnomy of, 281
threats faced by, 23r-82
San Bernardine Mountains, 83
San Diego banded gecko. See Cofeonyx varnegatus
abhatki
San Diega Multiple Species Habitat Conssrvation
Clan, 3
sandstone night lizard. See Xantusia gracilis
San Felipe Creek drainape, 121-23
San Gabriel Mountains slender salamander. See
Batrachoseps gabrieli
San Gabricl River, sor
San Joaquin coachwhip. See Masticophis fagellum
ruddacki
San [oaquin Valley, 271, 300
San Luis Obispe County, 153
San Sebaslian Marsh, 12z
San Simeon Stale Faik, 28788
Santa Catalina Mountains, 306
Santa Cruz black salamander. See Aneides favipunclatus
niger

Santa Cruz [sland, 369
Santa Cruz [sland gopher snake. See Pituophis calemfer
pumils
Santa Cruz Mountaing, 144-45, 163-64
Santa Lucia Mountains. 145, 184
Santa Tnez Mountains, (84
Saproglenia, 82
Scaphiopur couchn, 125-29, 125(F)
breeding activity and egg laying, 127
breeding seuson. 127
develapment rate af, 127
distribution of, 126{m}), 127-28
ernergence behaviar, 127
foraging behavior, 127
habitat requirements, 127
identification of, 125
life hustory of, 127
manapgement of, 1283-29
metamorphosis of, 127
monitoring. research, and survey needs, 129
mavement ecclogy of, r2g
natural breeding sites, 129
physiological limits of, 128, 129
pepulation dynamics of, 128
as Priority 3 Species of Special Concern, 125
risk factors, 125{t]
status of. 125, 128
taxonomy of, 127
terrestrial habitat, 129
threats faced by, 128
trends in abundance, 128
Scolt Bar salarmandet. See Plethodon asupak
septicemia, 73
Sierra Nevada, 11, 253, 269
Sierra night lizard. See Xartusin vigils ierrae
Siskiyou Mountains salamander. See Plethodon storm
Six Rivers National Forest, 168, (70
Smith River, 168
anake trapping, 259
Sonora mud turtle. See Kineslernon sonoriense
Sonoran Desert toad. See Bufo alvarius
southern California mountain kingsnakes. See
Lewmprapeltis mullifasciata, Lampropeltis ronata
parvirubm
southern long-wed salamander. See Ambystoma
macrodactlum sigillatum
southern torrent salamander. See Rhyecatriton
variegatus
southern western pond lurtles, See Emys marmoratn
Southwest Climate Science Canter, 44
Spea hammondii, 130 35, T30{()
breeding activity and egg laying, 13z
breeding aggregations, 133
breeding seasen, 132
development of, 133
diel of, 133
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distribution ef, r3z{m), 133 projected impacts, 12, 12(1)

growih rale of, 132 range size, 4,9 [ty
habirat requirements, 133 vulnerability ta climare change, 11, 11(1)
identification of, 110 scoring of nominee taxa, 12
intraspecific variation in, 132 Spearman’s rank correlatiens, 23(t)
larvae of, 132-33 total scoreftatal possible far taxa evaluated for, 21{f)
life history of, 132—53 watch listof, 13,168-70
management of, 13435 spiny softshell turtle. See Apalone spinifera
metamot phasis of, 133 spring snowmelt, 11, §8, go, 171
migration patterns and distances, 135 State Wildlife Action Plans (SWAP), 5
mitochondrial DNA, 130 Sternotherus edoratus, 106
mitochondrial inlrogression, 132 Stevens Creek watershed, 177
monitaring, research, and survey needs, 135 stinkpot turtle. See Sternotherus odoratuy
movernent and surface activity, 133 stream-breeding amphibians, 164, 178
natural vernal pool phenalogy, 135 stream hydrology, 9o, 178
predators of, 133 Susan Riwer, 300
as Pricrily 1 Species of Special Concern, 130
risk factors, 130{t} Tantitla planiceps, 372-73
sexual chataclers, 132 ecolagical requirements, 373
status of, (30, 134 habitat requirements, 172
survivorship of, 133 natural higtory ol y72
taxonomy of, 13032 populatian densities, 372
threats faced by, 134 Taricha rivularis, 174=79, 174(0)
trends in abundance, 133—34 aguatic breeding habitats, 177
Species of Special Concarn breeding activities and egg laying, 176
afuatic or terrestrial habitat of, 27(0) breeding season, 176
committed to extinction, 45 buffer protections, ecolagical effects of, 178
camparisan of, 37(1)-38(1) diet of, 177
conservation-related research, 44 distinctiveness of, 176
criteria for listing, 5 distribution of. 775(m). 777
definition af, 8, ¢ elfects of clhimate change on, 177
distribution of, 34{m} habitat loss and fragmentation, 178
dawn-grade status, 316 habitat requiremennts for, 193
ecological patterns in metnc scores, 3o identifcation of, 174-76
ecoregion of, 26{m] life histary of, t7p6-77
endemnic and neat endemic species, 33(t) management ¢f, 178
geographic patterns in, y2-36 mitochondrial DNA analysis, (76
identification of, 4 menioriag, rescarch, and survey needs, 179
list of amphibian and reptiles, 25(t)—z1(t} mortality and habitatdegradation, 178
museum collections and other data sources, 15(1) as Priority 2 Species of Special Cancern, 174, 178
aominee list, development of, 8 riek factors, 174t
aumber of taxa in each status catepory amang, 22 () sexual maturity, (70
occurrence of, 36{m}) statusof 174,178
patierns in the metric scores for, 22-25 taxonomy of, 176
principal compenents analysis ol a2 temperature lerances of, 177
public comment. 1z 13, 25, 367 threals faced by, 17778
ranking and determination of, 13 trends in abundance, 177
ranking sceres among, 29 Taricha jurosz, t8a 85, tBo(f)
reptileand amphibian taxa under, je{f] aquatic breeding habitats, 182
research, survey, and menilering needs, 43 48 breeding actwities and egg laying, 182
risk metrics of, 8 -1z distributien of, 181{my), 183
distribution trend, g-ra, 1a{t) habitat corridor, 135
ecological tolerance, 1o (1. 11(1) habitat requirements for, 151
endemism, 12, 1o{t) identification of, (§o-8z
population concentration and raigration, 1o, e {t) larvac of, 182 33
population trend, 11. 1r{t) hfe history of. t8z-81
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manapement of, 185
metapepulation dynamics, 185
monitoring, research, and survey needs, tds
predators of, 184
as Priority 2 Species of Special Concern, t3a, 185
risk factors, 1304t}
road mottality, 185
status of, 1o, 185
strearn- and pond breeding sives, 185
survivarship of, 184
taxonomy of, 182
threats faced by, 184-85
trends in abundance, 15384
Thaemnophis hammondii, a85-go, 285{f)
climate change, impact of, 289
distinctiveness of, 287
distribution of, 28G{m|, 283-89
foraging and basking activities, 287
habitat and movement ecclogy, 288
habitat requircenents, 283
identihcation of, 285-87
lite histary of, 287-38
management of 290
mating activities, 287
menitoring, research, and survey needs, 290
prey of, 258
as Priority 2 Species of Special Concern, 285
radioctelernetry study of, 284
risk factars, 285(t
status of, 28¢5, 290
surface activity, 28¢
taxonomy nf, 287
threats faced by, 289
trends in abundance, 289
Thamnophis sirtalis, 291-95, 2q1({f)
captive breeding, zg3
dietof, 294
distribulion of, zg2{mn), 294
extirpatians and population declines, 204
habitat requirements, 204
identification of. 291~g93
impact of
climate change, ags
flonds, 294
nontalive specied, 295
life history of, 293-94
manapemeit af, 295
menitoring, research, and survey needs, 295
as Priority r Species of Special Cencern, 2g1
tisk factors, 2o1{t}
sexual maturity of, zg3
status of, 291, 205
taxonomy of, ag3
threats faced by, 294-95
trende in abundance, zgq
Thousand Palms Oasis Preserve, 230

timber harvest, impactof, 35, 4L 55 57.82 83.159 6a,
64,169 o, 17z, 178,372

Tioga Pass meadaw, 72,73

Torrey Pines State Reserve, Point Loma, 258

Trachemys scripia elegans, 208, Y02, Jo7

transgkcatian of animals, 42-43

Truckee River, 1m0

Tule River drainage, 158

turtle trapping surveys, 307
two-striped garter snake. See Thamnophis havimondii

Uma netata, 234 38, 234{D
climate change, impact of, 237
distinctiveness of, 236
distribution of, 235{m), 237
habilt loss and fragmentation, 237
habitat requirements for, 237
identification of, 23416
life history of, a36—37
management of, 237-38
mitechondrial DNA analysis, 236, 238
monitering, research, and survey needs, 218
moriality, causes of, 237
as Pricrity 2 Species of Special Concern, 234
recolotiization of, 238
visk faclors, 234(1)
status of, 234, 237
Laxonomy of, 230
threats faved by, 237
trends in abundance, 237

Uma scoparia, 239- 45, 239({)
breeding activity and egg laying, 242
breeding scason, 241
burrowing and sand-swimmming behavier, z42
clutch size, 242
dietof, 24z
distinctiveness of, 2471
distribution of, 290(m), 24243
effects of climate change om, 24344
efficiency at capluring prey, 243
extirpations of, 243
habitat Joss and fragmentatien, 243
habilat patches, for long-term persistence, 242
habitat requiremeants, 242
human-assisted \ranslocation, 244, 245
identihcation of, 239-41
life history of, 241-42
management of, 244
mitochondrial DNA analysis, 245
monioring. research and survey needs, 244 45
noise pallution ellects, 244
phylegenetic analyses of, 241
pepulation size and density, 243, 244-45
as Priority 3 Species of Special Concern, 239, 244
push.up behavior, 241
quality of available foad, 242
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risk factors. 230{t)
status af, 23, 244
taxetiotmy of, 241
threats faced by, 243-44
trends in abundance, 243
United States Department of Agriculture {USDA)
ecoregien subsections used in developing range
maps, 18(tn}
urban development, impact of, 302
US Fish and Wildlife Service (USFWS), 45. 105
LS Forest Service, §
Old-growth Wildlife Preject, 169
US Geologicat Survey (USGS), 258

venamous reptiles
Bufo gharius, 5064
Crotalus ruber, 260 06
Heloderma suspegtum, 21217
predator avoidance mechanism, 215

Warner Mountains, 11§~17
waltch lisi, of Species of Special Concern
Baja California rat snake, 363
California tiger salamander, 368
Cotonado skink, 169
Del Horte salamander, 369 —70
large-blaiched ensatina, 369
mountain yellow-legged frogs, 370
Mount Lyell web-loed salamander, 369
orange-throated whiptail, 368
Owens Valley wab-tead salamander, 169
Santa Cruz [sland gopher snake, 369
southern Califorma mountain kingsnakes, 369
yellow-bloiched ensatina, 368 Gg
western black-headed snake. Sce Tantilla planiceps
westarn pond turtle. Ses Emys marmoralz
weslern spadefaot. See Spea harsondi
wildfires, 164, 184, 195, 210, 223, 258, 282
Wildlife Action Plan (California), s
wildlife corridors. See habitat corridors

Xantusia gracihs, 246-49, 246(0
behavioral differences in captivity, 248
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habitat requirements, 248
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management of, 249
monitering, research, and survey needs, 249
as Priority 3 Species of 8pecial Concern, 246
risk facbors, 246(t)
status of, 246, 249
taxonomy of, 248
threats faced by, 249
trendls in sbundance, 248 -4
Xantusia henshawt, 199
Xantusia vigilis sierrag, 350 -54. 250(()
daily activity cycles, 252
diet of, 252
distribution of, 251 (m}. 253
elevational range, 253
habitat requizements for, 252-53
identification of, 250~52
life higtorv of, 252
management of, 253
migration corridors, 254
mitochondnal and nuclear DNA sequence, a5z
monitoring, research, and survey needs, 253 54
phylogeographic/species boundary, 253
as Priarity 3 Speries af Special Concern, 250
risk factors, zge(t)
sexual matucity of, 252
status of, 250, 253
taxenomy of, 252
threats faced by, 253
trends in abundance, 253
Xuntusia wigginsi, 573

yellow-blntched enzatina. See Ensating eschschollzii
crocealer

yellow-legged frogs. See Rang boylii

Yosemite National Park, 1, 74—70

Yosemite taad. See Bufo canorus

Yuma Desert, z32



U.S. Fish and Wildlife Service

California - Great Basin Region
Migratory Birds Program

Recommended Buffer Zones for Ground-hased Human Activities around
Nesting Sites of Golden Eagles in California and Nevada

May 2021

For most ground-based human activilies, we recammend a one-mile no-disturbance buffer surrounding golden eagle nesting
sites in Califarnia and Nevada; see lable helow for specifics an activity and buffer recommendations. Recommended buffers
may increase or decrease, depending on specific site or activity circumstances. Buffers may be reduced in cansultateon with
the U.S Fich and Wildlife Service (Service) when the nest is not in use or activities are not in line-of-sight of the nest, In
parts of California, eagles maintain year-round territories that may require additional protection. We recommend
consultation with the Service for determining buffer zones for high intensity or long duration activities, unique
circumstances, activities not listed in the table bebow, or when historic levels of human activity are a consideration.

. Recommended
Activity .
No-Disturbance BuFfer
Use of Motorized Vehides off-road and on waten
Including, but notl imited to, passenger vehicles, all-terrain vehicles, dirt blkes, and 1mile

snowmaobiles. Any passenger vehicle drivingan dirtor gravel roads thatare notpartof a
reutinely used transportation corridor. Also includes motorized boating activities.

Pedestrizn and Non-Motorized Activity®:
[ncluding, but natlimited to, walking, running, hiking, blking, camping, rock climbing, hird 1mile
walching, fishing, huming horseback riding, canoeing, kayaking, and biological s urveys©.

Developed Sites:
Including, but notlimited to, facilities, developed campground s ites, and desighated snowmaobile 1mile
and off-road vehicle courses.

industrial, Municipal, and Construction Activity:
Including, but notlimited to, urbanization; minirg; oil andgas development; solar development;

logging; power line construction; road construction & maintenance; facilities construction; and
agricultural operstions.

1 mile

Blasting and other loud non-regular noise:
Including, butnot limited to, detonation devices, fireworks classifiedby the Federal Department 2miles
of Trans portation as Class B explasives, recreational shooting, and outdoor concerts.

* An in-use nestis defined as a*'golden eagk nestcharacterized by the presence of oneofimoreeggs, dependeni young, oradult eagles pn
the nest in the past 10 days during the breeding season™ (50 CFR 22.3) and “{b)reedingbegins. ., with the start ofcourtship...”
(Programmatic Ervironememtal Impact Statement for the Eagle Ricle Revision, United States Department o fthe Interior, Fish and Wildlife
Service, December 2016).

" Many existing nestsites expenence some level of intenmittent and on-going low levels nfdisturbance fiomthese types of hunan
activilies, and the resident pair of eagles may haveacclimmted to theseexisting levels of disturbance. However, increases in human

activity imay not be tolerated by nesting eagles.

“ Qualified baalogists condudting ground-based eagle monitoring may follow distance recommen dations in Pagel et al(2010).
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Joshua tree (Yucca brevifolia) seeds are
dispersed by seed-caching rodents!

Stephen B VANDER WALLZ, Deparirem of Binlogy md e Program i Ecology; Evelution
and Conasrvaninn Biology, University of Newada, Rumn, Nevada 89557, USA, ¢-madl: ew@nar.edu
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Abatroct, Joshua tree { Kecca brevylia) is b diatinclive and charismatic pluat of the Mojave Desent. Although Aol blology
x4 peed production of loshua wee and other yuccis sre well enderstood, the Gate of Joshon ree seeds hes nover boen sudied.
We rewed the hypothesly Dhar Foshun mee seeds 3¢ dispersed by sted-caching rodents. We mdiosctively tibelled Joshua iree
wods and follawsd heir Beics at five wource plants ic Potosi Wash, Clark County, Nevada, 175A. Rodents made & mean of
M5 cached, wtually within 30 m of the base of sowrce plants. Caches commnéd § mtan of 5.2 seads buried 3-30 mm des. &
varlery of rodent species sppears to have prepred te oacher. Thoee of the BM Joshua tree seeds (0A) cached gaminated
the following spring. Seed permitution using rodédt xclosares wit weardy 15%. Move chan B2% ol eads in open plots wiree
removed by granivorss, and peither microgite mor supplerienta] water significantly affected geomication. Jothus e piisfuces
seed in Indehiscent les, which rodents dismande o barvest seeds. Because there i3 no ather kmowa means of
sood disparenl, it I3 poss ble char die Joehua res—todent sead dlipersal interacrion 1 an obligate mutustism for the plant.
Kepnwerds: oatwa tres, scatier hoard ing, seed caching, seed dEapersal, Tecen Brewlfolia

Rézumd - 1. wrkre de Jomaé (Focen brevifodio] est une plunte distinclive el chariymatiqoe du désert de Majve. Guarpe (o
iciogie de 1a Aoraizon et 1s producian de grunss de ce1 wrbre £1 des sures yuccss sont bien comprises, ke soet des graines
de "arhse de Josud 0" jacies & Sudet, Nom svom teste |"hypolhiss ot e praioss de ¢2) arbre soot disparsées par des
mmm&mmllmlmumdndlm&mncutdﬂmndm*hdamlulhuwﬂimde
MmuiMlMMCmNMLU Lﬂmmoﬂflinmmnﬁmbuhhmﬂm
Li!ﬂmdahbueduphnsmlnmlu m 5.3 gouioen 4 dex profondenrs de 3 &
wmdemaemnmuummmmnm:mmmmmmwmdmmmm
(G A%) ont gerad 1 pr ips suivant, La germi de praines dans dés enclos i rongeury endipnail poesque 13%. Plus
e 82% deés grainet dons Jes siked ouvents ont &8 eabovices pas des pranivores < i le microaite oi 1'ajout d'esu n'onl Affeatd
significativement ln germinadon. L'arbee de Josué prodult des graines dans des capsules inddhiscenues que ke rong
brigen pour (dealter b pravns. Duns lo ¢ do Parbre de Josud, pusqoe sucus st toyen de dispecdon e graines n'ent
wmm, 1l ast possible quo la disp par k= rong Foit une {ntersctlon wrotual idle obligée posr cxfie plants.
Marr-cBis © arbre da Joawd, cache de graines, dispanion de gradnes, épajpiller en divers caches, Bicca bevifalia,

Nomrociane: Hicknan, 1993; Fellmyr, 2003,

Introduction

Yurcas (Mece and Hespernpreea) are prominent and
charismatic planis of warm Lemperate sud arid regions
of the southern United Siates and Mexico. Yuccas bave
received # grest deal of ecientific sentlon, sapecially in
the atea of Motal biclogy. The yucca moth Miece fower
pollination ioterection, ofien cited in bexibooks end popu-
lar workn, is one of the moat convioring examples of B
cocvolved, ochligate mutuslism {Pellmyr er ai., 1996). The

e 2005.84- 1 E: nre 2006.06-20.
Anpoc iy Bdstor; Johumecy Kpleorm.
1k far cormopmmics

imeraction, which may have arisen more than 4¢ million
years sgo (Pellmyr & Lecbens-Mack, 1999), wes first
described by George Engslann and Charles Riley in the
18705 and is still an objoct of intenze scientific fwvestign-
tian (Pellmyr, 2003). Although much is known sbout their
geaesis, virually nothiog is known about the fate of yuccs
seeds (e.r., gced disperssl, pozi-dispersal seed predation,
acedling caablishment).

Some yucess (a5, Foshun e, Yuore drevifolial poo-
duce relatively large seeds. These lamge seeds are likely to
be armciive Eood jiems Far grenivorous rodems, birds, and
mntx. Further, a number of send-ceching redents live m the

Thas coavtent Josw nloakad Nan
132.1742% I an Son, 0 Tun 2025 I 36000 UTC
Al ure sobyect ta Mips «abool Jsicr orgfierms



VAHDEE wALL ET 4L : DnSpeasaL OF JOSHUA TREE SEEDS

same habitar as these yuocas, and it is possible that & frec-
tion of the yweca seeds are scatter hoarded by rodents and
thet rodenis might sarve as dlspersal agents foe these yacces,
Some alienative means of seed dispersal have been sug-
gested. In 1893, Witliam Trekease wrote of Joshua ree fraits
that “their rounded form and very light apecific gravity ren-
der them well developed “lumble fruits’ and peint to their
disseminafion across the desert by the aid of strong wirkls
that prevail there.” A number of authors state that yuccas
(i.e.. ¥ elata, Y. filameniora, Y. whipptei, and Y. glavca) are
wind/gravity dispersed (Powell & Mackie, 1966; Wallen &
Ludwig, 1978; Aker, 1982; Dodd & Linhart, 1994; Massey
& Hamrick, 1998; Huth & Pellmyr, 2000, b the e Fective-
ness of this mechanism has never been assessed. Wallen and
Ludwig (1974) suggesied that ¥ boceoda is dispersed by
berbivores, but did not present conclusive evidence. Yeaton
e al. (1983) alzo nated that ¥ schidigera, in addition 10
¥ baccais, 1z dispersed by venicbrate means, but neither
produced evidence or gpecified which veriebrules, Janzen
{1986) suppgested that the seeds of ¥, decipiear in the south-
em Chibinabuan Desert, Mexica, might have been dispersed
by extingd megafauns,

A novel and imponisnt reproductive feature of some
Yucca species is the production of indehiscent szed pode.
This iz & derived condilion, nested within the Agavaceae,
while all cther members bave dry, dehisceni capsules, Thers
ar¢ two types of indehiscence: eme Epund in the Reshy-
fruited yucces of the section Sarcocarpa and the ather in
the spongy-fruited ¥icea brevifolio, the sole member of 1he
seclion Cliglovarps, Develepreentalty, they differ in that the
mesocarp layer thickens in sarcocarps, whereas the exocsrp
layer thickens in X brevifaliaz, creating 8 less demse fruil in
the Lavter. Many yucca species peoduce dehiscem seed pods,
and theze mey well be dispersed by wimd of some other abi-
olic vector, but it is unclear how seeds from the species with
indehiscent pods are dispersed. The yuccas wilh indebizcent
pods produce relatively lage sexds that would appear to be
sought after by granivores, however. The conpuactlen of
these rwo traits, indehiscent pods and targs seeds, led us to
hypotbesize that these yuccas, which include Foshua tree,
are dispersed by eeed-caching rodents thet remove the seeds
direcily from pods. The goal of this study was to assess
whether Joshoa oree, ane of the mosd familiar and important
yuceas in the southwestem Uniled Slates, is dispersed by
seed-caching rodenly.

Methpds

We studied the dispersal of Joshua ree sexds at Potosi
Wash on the southwest slope of the Spring Mountains,
shot 5 km southwest of Lag Vegas, Clavk County, Neveds
{35° 52' R, 115° 33" w, clev. 1660-1700 m}. The site is
Mojave Desert scrub dominated by blackbrush (Coleogyre
ramosisrinma), Nevada epbedra (Ephedra nevadensic), des-
el almond {Prunus faccheudat), and crensote bush (Lamea
Iridentata), with moderately dense populations of Joshua
tres and banana yueca (¥ baccasa) just bedow pinon—jimi-
per wonidland. The site is federal land administered by
the US Department of Agriculture, Forest Service and US
Department of the Interior, Bureau af Eand Management. We
shudied seedling recruitment of Joshua tee along Welking

b

Box Ranch Road off Nevada rowse 164 aboyt 12 km west of
Searchlight, Nevida.

On 15 August 2002, we placed 200 Joshua Iree sceds
around each of two source plants (=20 seeds at each of
L0 scowpes in 1he soil within 1| o of the ree k). On 26
September 2312, we placed three more baiches of 200 ceeds
wnder three other source plants 1n & similar fshion. Seeds
were numbered individually and labelled with mdiaartive
scandivm, b gamma-cmitting radionuclide with a half-life
of 31.8 4. Scandivm i3 hiologically inent {does not pass
through the food chain), decays bo non-toxic, nen-radioac-
tive tilanium, and eppears harmless o rodents and seeds
The way we presentsd zeeds was unnstarsl, but it is sot fea-
sible te present radioactively labelled seeds within pods and,
in this study, we wene imteresied in the dispersal proeess, oot
how seeds might be harvested from pods. We reromed the
day after deploying seed to check seed fatzs. We collecled
unharvested seeds and then searched for wissing seeds
using Geiger counters, folknwing the procedure of Vander
Wall (2002). We excavaled caches to determine number of
gezds and buriel depth. We receeded the numbers cn the
seeds and returned them to the cache sites. We recarded
caching microhalitat (under shrub [> 10 cm from canopy
edge), edge of shrub [« 10 cm of canopy edge], or space
hetween shrubs (> 14 cm from canopy edge]) aod substrate
(mincrsl soil or plant liner) and measured the coordinates
af cache sites uging the aource plant as the origin of a graph
space and cardina| dircctions &5 axes, We returned 1o source
plents later in the Gl of 2002 and spring af 2003 and resur-
veyed the area 1o determine which caches were presemt mad
m search for new (secondery) caches. After che Il survey,
all remaining labelled seads were gathered arud disposed of.

During fall 2000, afer produetion of reletively lage
seed crops, we monilored frvils of Joshua iree, benana
yucca, and Mojave yucen ot our Potazi Waeh study aire and
at Wallace Canyon in the Spring Mountsing of southern
Nevada 1o determine how seeds mipht be removed. Like
Joshua tre€, bansna and] Mojave yuccas produce imlehiseent
meed pods with relatively large seeds.

To determine rodent specices composition and relslive
ahundances at ihe Porosi Wash site, we trapped rodents
on Lhe evenings of 30 April and 1 May 2003, We used 98
Shorman live traps in 2 7 % 7 grid with 12 m spacing and
2 treps ot each point Two trapping grids were kid out, one
located in burned shrublands and the other in unburmed veg-
etation. Bait consisted of mixed bird seed. We baited and sex
trapg just before dusk, and we checked and closed maps a
dawn. Trpping sessicns lmsted two nighls.

We conducted meed germinmtion ijals using loshia mee
setds gathered from Caspenler Canyon (Spring Mountaim,
southemn Mevada} in Ocvober 32003, We removed seads from
peds and placed Lhem in waser; seeds Lhal flosted were conh-
sidered inviable and were discarded We alsn excluded amy
seeds with visible damage from molh larvae, Viable seeds
wert tir dried and stcred 6 paper bags.

To prevent palferape by rodents, we conducled seed
germinetion experimends within provective axchngures com-
sirucled with & mm hardware doth 50 = 50 = 20 am high,
buried 30 cm deep in the soil. In each eage, we plannad seeds
=1 em deep in n 5 x 1D grid. Wire mesh lids were placed
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Procedures for Discharges of Dredged or Fill Material to

Waters of the State

I. Introduction’

The mission of the State Water Resources Control Board and the Regional Water Quality Control
Boards {VWater Boards) includes the preservation, enhancement, end restoration of the quelity of
California’s water resources for the protection of the environment and all beneficial uses for the benefit
of present and future generations, 1n accordance with the Porter-Cologne Water Guality Control Act
(Water Code, § 13000 et seq,), the Water Boards are autharized to regulate discharges of waste, which
includes discharges of dredged or il matsrial, 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 environmental
and economic benefits to the people of this state, including flood and stormwater control, surface and
ground water supply, fish and wildlife habitat, erosion control, pallulion treatment, nutrient cycling, and
public enjoyment. Wetlands ameliorate the effects of global climate change by providing floodwater
storage, sequestering carbon, and maintaining vulnerable plant and animal communities. Many of
these invaluakble areas statewide have been lost to fill end development. Presently, wetlands ere
threatened by impacts from ingreasing papulation 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-59-93, commenly referred to as California’s ‘no net loss”
policy for wetlands. In accordance with Exacutive Order W-59-93, the Procedures ensure that the
Water Boards’ regulation of dredge or fill activities will be conducted in 2 manner “te ensure no overall
net loss and lang-term net gain in the quantity, quality, and permanence of wetlands acreage and
values. ." The Water Boards are commilted to increasing the quantity, quality, and diversity of
wotlands that qualify as watere of the state.

These Procedures contain a wetland definition in section i and wetland delineation procedures in
saction 11, both of which apply to all Water Board programs. The wetland definition encompasses the
full renge of wetlend types commonly recognized in California, including some features not protected
under federal lew, and reflects current seientific understanding of the formation and fupctioning of
wetlands. These Procedures alsg inglude procedures far the submission, review and approval of
applications for activities that could result in the discharge of dredged or fill material to any waters of the
state in gection V. The Procedures include alements of the Clean Watar Act Saction 404{b){1)
Guidelines, thereby bringing uniformity to Waler 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.

I. Wetland Definition
The Water Boards define an area as watland as follows:

An area is welland if, under normal circumstances, (1) the area has confinuous or requrrent saturation
of the upper substrate caused by groundwater, or shaifow surlace wafor, or both; (2) the duration of
such saturation is sulficient to cause anaerobic conditions in the upper substrate; and (3) the area’s
vegetation is dominated by hydraptytes or tha area facks vegelation.

1 [NOTE. These Procedures will be incarparated (ke the ¥Water Qualily Gontrol Plans for {1} Inland Surface Walers Enclosed Bays and
Estuaries for waters far which water quality standards are required bry the Federal Water Polluficn Control Act and acte amendatary heraof or
supplemeniary therato and (2} Cczan Walars af Calfornia. Fulure incorparation of e Procedurss, as adopted, into the watar quality comtrol
plans will be considered non-subslantive amendmems. At that ime, fermatting and olher organizational edits necessary for incorporation into
fhe waler qualily contral plans will be addresaed ]
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Procedures for Discharges of Dredged or Fill Material to
Waters of the State

The Water Code defines “waters of the state” broadly te include “any eurface water or groundwater,
including saline waters, within the boundaries of the state.” “Waters of the state” includes all “watarg of
the U.5.”Z The following wetlands are waters of the state:

1. HNatural wetlands,
2. Wetlands created by modification of a surface water of the state,” and
3. Artificial wetlands* that meet any of the fallowing criteria;

a. Approved by an agency as compensatory mitigation for impacts to other waters of the state,
except where the approving agency explicitly identifies the mitigation as being of limited
duration;

b. Specifically identified in a water guality control plan as a wetland or other water of the state;

¢. Resulted from histonic human activity, is not subject to ongoing operation and maintenance,
and has become a relatively parmanent part of the natural landscape; or

d. Greater than or equal to one acre in size, unless the artificial wetland was constructed, and
is currently used and maintained, primarily for one or more of the following purposas {i.e.,
the following artificial wetlands are not waters of the state unless they also satisfy the criteria
sat forth in 2, 38, or 3b):

i.  Industrial or municipal wastewater treatment or disposal,
i. Seltling of sediment,

iii,  Detention, retention, infiltration, or treatmernt of stormwater runoff and other
pollutants ar runoff subject to regulation under a municipal, construction, or industrial
starmwater permitting program,

iv. Treatment of surface waters,
v.  Agricullural crop irrigation or stock watering,
vi.  Fire suppression,

vii.  Industrial processing or cooling,
viii.  Active surface mining — even if the site is managed for intarim wetlands functions
and values,

! Tharafors, wetlands thal meel the curant definition, or ary bistiric definition, of walers of the U.S. are waters of the slate. In 2000 the State
Walar Resources Control Board determired Ihat all walers of the U.S. are also walers of the slate by megulation, prier 1o any regulsiory or
judicial limitadions on the kedeml| definition of watems of the LS, (California Code or Regulations titte 23, section 383 1{w).} Thi regulation has
remaingd |n offact despite subsaguent changes ta the faderal dafnition. Therefore, watam of the slate includes fealures 1hat have been
determined by he LI,3, Emdranmental Frotection Agency (U.S. EPA) or the LLS. Army Corps of Enginears {Carps) to be “walars of the U.5."
in an approved Jurisdictional determination; “watars of the L1.5." ieniifiad in an aquatic resource repor varified by the Corps upon which a
parmiiting decision was based: and fealuras that are conslebant wilth amy cument or hisloric final judicial interprefation of "waters of the U.S." or
any current or historic federal reguation dafining "waters of lhe U.S." under tha federal Clean YWaler Acl.

? “Created by modification of a surface water of the state” means that the wetland that is being evalusted was creaied by modiying an ama
fhat was a surface water of the slate at the time of such modification. i does not include a wetland that is crested in a location when a waler
of the slate had exisied historically, but had already been completely 2lminaied at some tima pricr 1o the creation of the watland. The wetland
being evaluated does net become a water of the state due solely io a diversion of waler from a diferertt watar of 1he stata.

“ Antificial watlands are wellanda that result from human activily.

AAOpLed APrY £, 2ULY 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 banefits); or

xii, Fields flooded for rice growing, ®

All artificial wetlands that are less than an acre in size and do not satisfy the criteria set forth in 2, 3.a,
3.b, or 3.c are not waters of the state, If an aguatic feature meets the wetland definition, the burden is
on the applicant to demonstrate that the weatland is not a water of the stale,

Hl. Wetland Delineation

The permitting authority shall rely on any wetland area delineation from a final aquatic resource report
verified by the U.S. Army Comps of Engineers (Carps) for the purposes of determining the extent of
woatland waters of the U.S. A delineation of any wetland areas potentially impacted by the project that
are not delineated in a final aquatic resource report verified by the Corps shall be performed using the
methods described in the three federal decuments listed below (collectively referred to as "1987 Manual
and Supplemants™) to determine whether the area meets the state detinition of a wetland as defined
above. As described in the 1887 Manual and Supplements, an area “lacks vegetation” if it has less
Ihan § percent areal coverage of plants at the peak of the growing season, The methods shall be
madified only to allow for the fact that the lack of vegetation does not preclude the determination of
auch an area that meets the definition of wetland. Terms as defined in these Procedures shall be used
if there is conflict with terms in the 1987 Manual and Supplements.

« Environmental Laboratory. 1987. U.S. Army Corps of Engineers Wetlands Delineation
Manual. Technical Report ¥-87-1. U.5. Ammy Engineer Waterways Experiment Station,
Vicksburg, MS.

¢+ |1.S. Army Corps of Engineers. 2008. Regional Supplement to the Corps of Engineers
Wetland Delineation Manual: Arid West Region (Version 2.0). ed. J. S. Wakeley, R. W.
Lichvar, and G. V. Noble. ERDC/EL TR-08-28. Vicksburg, MS: .S, Army Engineer Research
and Development Center,

s US. Army Corps of Engineers. 2010. Regional Supplement to the Corps of Engineers
Wetland Delineation Manual: Western Mountains, Valleys, and Coast Region (Version 2.0).
ed. J. S. Wakeley, R.W. Lichvar, and C. V. Nable. ERDC/EL TR-10-3. Vicksburg, MS: U.S.
Army Engineer Research and Development Center,

5 Fields wsed for he culivation of rice {including wild rice) 1hat have not been abandened due 1o five conseculive years of non-usa for tha
cultrvation of rice {iIncluding wikd nce) that are determined bo be a water of {ha staba in accordance with thesa Procadunes shall not have
beneficial use desmgaations applied to themn through the Water Quality Comrel Plan for the Sacramante and San Jaaqu n River Basing, excapt
an ptherwise required by federal law for fields that are considered to be waters of Lhe Unied States. Further, agricultural mpuls legally applied
to fields Leed for he cullivaton of rce [including wild rice) gha'l nol constitute 2 diechame of waste to a waler of the state. Agricukural inputs
that migrale to a surface waler or groundwater may be conzdered a discharge of waste and are sub;act to wasie d scharge requirsments or
waivars of such requirgmerts pursuan lo the Watar Board's authondy 1o issue or wave waste discharge requirements or lake cther actions as
applicabls.
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Procedures for Discharges of Dredged or Fill Material to

Waters of the State

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 state requirements for discharges of dredged or fill material to
watars of tha U.S.% These Procedures include Appendix A, which contains relevant portions of the
U.5. EPA's Section 404(b){1} "Guidelinas for Specification of Disposal Sites for Dredge or Fill
Material'” (Guidelines), with minor modifications to make them applicable to the state dredged or fill
program (hereafter State Supplemental Dredge or Fill Guidelines).® This section applies to all
applications for discharges cf 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 (o [insert date that is nine months after approval by the Office of
Administrative Law].

Unless excluded by section IV.D, applicants must file an application with the Water Boards for any
activity that could result in the discharge cf dredged or fill materiat to waters of the state in accordance
with California Code of Regulations, title 23, saction 3855.'° This application requirement applies to
new discharges, proposed matarial changes in the character, lscation, or volume of existing
discharges, and upon renewal of existing Orders for existing discharges. The permitting authority may
ameand an existing Order sclely for the purpose of extending the expiration date without requiring a new
application.

The applicant may cansult with the Water Boards to determine whether a project could result in a
discharge of dredged or fill material to waters of the stete andfor discuss submittals that would meet the
applicetion requirements listed below. Discharges of dredged or fill material or other waste material to

% Calilotnia Code of Requlatiohs title 23, saclions 3830-3889 (slale's Clean Water Acl (CWA) section 401 {33 LUSC § 1341) waler qualily
caxlification program)

40 E.FR, § 230.

? The Slate Supplemental Dredgs ¢f Fill Gu delings ara included s Appendix A. Because the State Supplemenlal Dredge er Fill Guidelines
are derived directly from the 1.5, EPA's 404(b](1) Guidelnes, i uses slightly diferent tarms than tamns usad in secligns | threugh V of these
Procadures. The State Supplemanial Dredgs or Fill Guldelines will b appbed in a manner conaistent with sectlons | through v of these
Procedures.

? In cases wham the agpleant i a slate agency and is acting aa the CEQA lead agency for one or more projecls ctherwise aubject to this
seclian, and that stake agency 1s a party to an exsling written agreemant (a.9., memorandum of understanding) with the State Water Board
that sais out aematwe procedures and requirements regardmg the submigsion, raview, or approval of project applicationt, the permitting
authority shall apply the ferms and conditions of tha agresmant in lau of the barms and condltione of ihis saction. ARer adapfion of these
Procedures, the Slzte Yater Board may also enter inlo such wniten agreemenls after considersiion at a public meeting, such an agreement
may include, Tar example. early cansultahon regarding potential pro,ect appheations, early identiflcation and analysis of project aktematives ang
mitigaticn rmeasures, and dispute resabdion, Any wrillen agreements, whethar exisiing or entered into afler the adoption of these Procscdunes,
may be amended in writing al any bme by joint agreement of the parles. and such amended agresments shall gowem in liey of tha terms and
canditions of ihis secoon, Al other applicabls laws including requ rements for public nelice and comment, apply to the permitting auvihoriies’
approval of prajecis under such an agreement.

10 Note 1hat California Soda of Regulaticns . tithe 23, eexction 3865 applws only to individual water quality carlificalions, but these Precedures
extend the application of sedion 3655 lo 'ndnvidval waste discharge requirements for discharges of dredged or fill maleriat to waters of tha
state and wajvers thamaof.
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Procedures for Discharges of Dredged or Fill Material to
Waters of the State

areas that are not waters of the state, but that could affect the quality of waters of the state, may be
addressed under other Watar Board regulatery programs.,

A. Project Application Submittal for Individual Orders

The requirements set forth in sections IV.A and iV.B apply enly to individual orders. Applicants must
submit the tams listed in subsection 1 to the permitting authority. In addition, apglicants shall congult
with the permitting authority about the items listed in subsection 2. Within 30 days of receiving the
itemns listed in subsection 1, the permitting authority may require the applicant to submit one or more of
tha itams 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 autherity shall determine
whether the application is complete and notify the applicant accordingly. If the applicant's faderal
license or permit application incddudes any of the information required in subsections 1 or 2 below, the
applicant may submit the federal application materials lo satisfy the corresponding state application
information. If federal application materials are submitted as part of the state application, the applicant
shall indicate where the corresponding state application information can be found in the federal
application materials.

1. ltems Required for a Complete Application

a. Allitems listed in California Code of Regulations, title 23, section 3858 "Contents of a Complete
Application,”™

b. I the Corps requires an aquatic resourse delineation report, & copy of the repart verified by the
Corps.

¢. A delineation of any waters that are not delineated in an aquatic resource delineation report
verified by the Corps. If such waters include wetlands, the weflands must be delineated as
described in section Il

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 placa.

e. Map(s) with a scale of at least 1:24000 (1" = 2000’} and of sufficient detail to accurately show
{1) the boundaries of the lands owned or to be utilized by the applicant in carrying out the
proposed activity, including the grading limits, proposed land uses, and the location, dimensions
and type of any structures erected {if known) or to be erected and {2) all aguatic 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 outside of the boundary of the project that
could be impacied by the project. A map verified by the Corps may satisfy this requirement if it
includes all polential waters of the state. The permitting autharity may require that the map(s)
be submitted in electronic format {e.g., GIS shapefiles).

f. A description of the waters proposed to be impacled by the dredge or fill activity. The
descrption should include the beneficial uses as listed in the applicable water quality control
plan; a description of the activity at each individual discharge or dredge location; quandity of
impacis to waters proposad to receive g discharge of dredged or fill material at each location
rounded to al least the nearest one-hundredth {0.01) of en acre, nearest linear foot, and quantity

1 mate that California Code of Regulations, fitle 23, section 3858 applies only Lo individual water quabity certificatians, but these Procedures
axand the application of section 3858 1¢ individual waste dacharge requiramarnts for dischames of dradged ar fill malsrial {0 wabkers of tha
slale and wakers tharaof,
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Procedures for Discharges of Dredged or Fill Material to
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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 thasa potential impacts, identiflcation
of existing water quadity impairment(s): the source of water quality impairment(s), if known: and
the presence of rare, threatened or endangered epecies’? habitat.

An altematives analysis, ™ unless any of the following exemptions apply. The exemption from
the altematives analysis requirement does not preclude a permitting authority from requiring the
applicant to demonstrate in its application that the project complies with section |V.B.1,a,

+

The project incdludes discharges to waters of the state outside of federal jurisdiction, but the
entire project would meet the terms and conditions of one or mare YWater Board-certified
Corps' General Permits, including any Corps District’s regional terms and conditions, if all
discharges were to watars of the LU.S. The pemitting authority will varify that the entire
project would meet the terms and conditions of the Corps’ General Permit(s) if all
dischanges, including discharges to waters of the state oulside of federal jurisdiction, were
to waters of the .5, based on information suppliad by the applicant.

The project includes anly discharges to waters of the U.S. and meels the terms and
conditions for coverage under an uncenrtified Corps' General Permit, including any Corps
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 ar 300 linear feet of waters of the state;
b) rare, threatened, ar endangered species habitat in waters of the state;
c) wellands or eel grass beds; or

d} Outstanding National Resource YWaters or Areas of Special Biological
Significance.

The praject would be canducted in accordance with a watershed plan that has been
approved for use by the permitting authority and analyzed in an environmental dacument
that includes a sufficient aternatives analysis, monitoring provisions, and guidance on
compensatory mitigation oppertunities.

The project is an Ecalogical Restoration and Enhancement Project,

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
heds, Qutstanding National Resource Waters or Areas of Spedal Biological Significance,

" “Rare, threatened, or endangened spacies’ as usad in the Procaduras refers o plant and anmal speceas listed ae rane, threatened, or
endangered pursuant ta the Calfamia Endangered Species Act of 1984 (Fish & Game Code, § 2050 & s8q.), the Naliva Plant Pmlachon Act
of 1877 {Fish & f3ame Codm, § 1300 et 56q.), or the Federal Endangened Spacias Act of 1973 {168 U.S.C. § 1531 at 32q.).

" “Alarnatives analysis™ as used in these Procedures refer to the analysis required by section IV_A.1.h ard is a means to comply with he
State Supplemertal Dredge or Fil Guidelines, saclion 230.10(a}. An allemalivwes analysie also may be requ red in order (o comply wilh other
glatutory or regulatory raquiremeants, such Bs CEQA or a Regional Boand waler qualily control plan discharge proh bilien. The exemptions and
the tiars aat forth bedow do not alfet any alternalives anlysis conducted gursuant o another statutory or regulalory regurrement To the
entani that the pamiting aulhority is acting as 1he lead agency urder CEQA, il mary b neceasary For Lhe permdlng avtharity i conduct
furthar analysis to comply wilh CEQA
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and sll implementation actions in the restoration plan can reasonably be ¢oncluded within
one year,

If none of the above exemptions apply, the applicant must submit an altematives analysis
consistent with the requirements of section 230.10 of the State Suppiemental Dredge or Fill
Guidelines that allows the permitting authority to determine whethar the proposed project is tha
Least Environmentally Damaging Practicable Alternative (LEDPA). If the applicant submitted
infarmation to the Corps to support 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. Altematives analyses shall be completed in
accordance with the following tiers. The level of effort required for an altematives analyais
within each of the thrae tiers shall be commensurate wath the significance of the impacts
resulting from the digcharge.™

i.  Tier 3 projects include any discharge of dredged or fill material that direcily impacts more
than two~tenths (0.2} of an acre ar 300 linear feet of waters of the state, rare, threatened or
endangersed species habitat in watars of the stats, wetlands or eel grass beds, or
Outstanding National Resource Waters or Areas of Special Biological Significance, and is
nat a project that inherently cannol be localed at an altemate locatian. Tier 3 projects shall
provide an analysis of off-site and on-site alternatives.

ii. Tier 2 projecls indude 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 100
and less than or equal to 300 linear feet of waters of the state unkess it meets the criteria
for a Tier 3 project, or any project that inherently cannot be located at an allernats location
{unless it meets the size requirements set forth in Tier 1). Tier 2 projects shall provide an
analysis cf only on-site alternatives. For routine operation and maimenance of existing
facilities, analysis of on-site alternatives is limited to operation and maintenance
altematives for the facility.

iii.  Tier 1 projects include any discharge of dredged or fill material that directly impects less
than or 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 been or will be taken to avoid and minimize loss of, or
slgnificant advarse impacts to, baneficial uses of waters of the state,

2. Addiional Information Required for a Complete Application

a.

If required by the permitting authority on a case-by-case basis, supplementat field data from the
wet seaeon to substantiate dry eeason delineations, as is consistertt with the 1887 Manual and
Supplements.

If compensatory mitigation is required by the permitling authority, on a case-by-case basis, a
draft compensatory mitigation plan developed using a wetershed approach containing the items
listed below. Compensatory mrigation plans are not required for Ecological Restoration and
Enhancement Projects. For pemittees who intend to fulfill their compensatory mitigation

" Ap uxed balow, "impacis” include both permanent and temperary impachs.
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obligatione by securing credits from approved mitigation banks or in-lieu fee programs, their
mitigation plans need indude only items i, i, and iii, as described below, as well as information
raequired in the State Supplemental Dredpe or Fill Guidelines, section 230.84 {c){5) and {c)(6),
and the name of the specific mitigation bank or in-lieu fee program proposed to be used,

Draft compensatory mitigation plans shall comport with the State Supplemental Dredge or Fill
Guidelines, Subpert J, and include the itemsg listed below.

i. Awatershed profile for tha project avaluation area for both the proposed dredged ar fill
project and the proposed compensatory mitigation project.

ii. An assessment of the overall condition cf aquatic resources propoged to be impacted by
the project and their likely stressors, using an assessment method approved by the
permitting awutnority.

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 profie. If the compensatory mitigation is located in the same watershed as
the projed, no net loss will be determined on a watershed basis. If the compensatory
miligation and project impacts are located in multiple watersheds, no net loss will be
determined congidering all affected watersheds collectively. The level of detail in the plan
shall be sufficient to eccurately evaluate whether compensatory mitigation offeeta the
adverse impacts attributed to a project.

iv. Preliminary information aboul ecolegical performance standards, manitoring, and long-term

protection and management, as described in the State Supplemental Dredge or Fill
Guidelines.

v.  Atimetable for implementing the compensalory mitigation plan.

vi. If the compensatory mitigation plan indludes buffers, design criteria and monitoring
requirements for those buffers.

vii.  [If the compensatory mitigation involves restoration or eslablishment as the form of

mitigation, applicants shall notify, as applicable, state and federal land management
agandcies, airport land use commission, fire control districts, flood control districts, local
mosquito-vector control district(s), and any other interested local entities prior to inRial site
selection. These entities should be notified as early as possible during the initisl
compensatory mitigation project design stage.

viii.  If required by the pemmitting authority, an assessment of reasonably foreseeable impacts to

the compensatory mitigation associsted with climate change, and any measures to avoid
or minimize those potential impacts,

c. I required by the permitting aulharity on a case-by-case basis, if project activities include in-

water work or water diversions, a proposed water quality menitoring plan to moniter compliance
with water quality objectives of the applicable water quality control plan, At a minimum, the plan
should include type and freguency of sampling for each applicable parameter.

. In all cases where temporary impacts are proposed, a draft restoration plan that outlines design,

implementation, assessment, and maintenance for restoring areas of temporary impact to pre-
project conditions. The design companents shall include the objectives of the restoration plan;
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native to the area; seed collection locatione; and an invasive species management plan. The
implementation companent shall include all proposad actions to implement the plan (a.g., re-
contouring, initial pdanting, site stabilization, remowval of temporary structuras) and a schedule for
completing those actiona. The maintenance and assessment components shall include a
description of performance standards used to evaluate attainment of objectives; tha timeframe
far determining attainment of performance standards; and maintenance requirements (e.q.,
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 en estimated date for expected restoration, The level of detail in the
restoration plan shall be sufficient to accurately evaluate whether the resloralion addresses the
adverse temparary impacts attribited to a project. The applicant shall submit a final restoration
plan that describes the restoration of all temporarily disturbed areas to pre-project conditions,
consistent with seclion I/.B.4,

For Ecological Restoration and Enhancement Projecls, a restoration plan for temporary impacts
provided as part of the binding stream or welland enhancement or restoration agreement or
wetland establishment agreement may satisfy this requirement.

e. For all Ecological Restoration and Enhancement Projects, a draft assessment plan including the
following: project objeclives; description of perfermance standards used to evaluate attainment
of objeclives; protocols for condition assessment; the timeframe and responsible party for
performing condition assessment; and assessment schedule. A draft assessment plan shall
provide for at keast one assessment of the overall condition of aqualic rescurces and their likely
stressors, using an appropriate assessment method approved by the permitting authority, prior
to regtoration andfor enhancement and two years following restoration andfor enhancement to
determine success of the restoration and/or enhancement. An assessment plan approved by a
feceral or state resource agency, or a local agency with the primary function of managing land
or water far wetland habitat purposes in accordance with a binding stream or wetland
enhancement agreemeant, restoration agreement, or establishment agreement, will satisfy these
requirements. An assessment plan approved by a non-governmental canservation organization
or a state or federal agency that is statutorily tasked with natural resource management may
satisfy some or all of these requirements.

B. Permitting Authority Review and Approval of Applications for Individual Ordera

1. The permitting authority will evaluate the potential impacts on the aquatic environment from the
proposed project and determine whether the proposad project complies with these Procedures.
The permitting authority has the discretion to approve a project only if the applicant has
demonetrated the follewing:

a. A sequence of actions has been taken to first avoid, then to minimize, and lastly compeansate for
adverse impacts that cannot be praclicably avoided or minimized to waters of the state;

b. The polentiat impacts will not cantribite to a net loss of the overall abundance, diversily, and
candition of aqualtic resources in a watershed (or multiple watersheds when compensatory
mitigation is permitted in another watershed as set forth in section IV.B.5(d)};

c. The discharge of dredged or hll material will not violate water quality standards and will be

consistent with all applicable water quality controi plans and pelicies for water quality control;
and

d. The discharge of dredged cr fill material will not cause or contribute to significant degradation of
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the waters of the siate,

2. The permitting authority shall rely on any final aqualtic resource reporl verified by the Corps to
determine baundaries of waters of the U.S. For all other wetland area delineations, the permitting
authovity shall review and approve delineations thal are performed using the methods described In
section II1.

3. Akernatives Analysis Review Requirements;

a. The purpase of the alternatives analysis is to identify the LEDPA. The permitting authority will
be responsible for determining the sufficiency of an alternatives analysis axcept as described in
3(b) below. In all cases, the aternatives analysis must establish that the proposed project
alternative is the LEDPA in light of all potential direct, secondary {indirect}, and cumulative
impacts on the physical, chemical, and biological elements of the aquatic ecosystem.

b. Dischames to waters of the LS.

In reviewing and approving the alternatives analysis for discharges of dredged or fill material
that impact waters of the L.S., the permitting autharity shall defer to the Gorps’ datarminations
on the adequacy of the alternatives analysis, or rely on a draft alternatives analyais if no final
determination has been made, unless the Executive Cfficer or Executive Director determines
that {1} the permitting authorily was not provided an adequate opportunity o collaborate in the
development of the alternatives analysis, (2) the alternatives analysis does nat adequately
address aquatic resource issues identified in writing by the Executive Officer or Executive
Director to the Corps during the development of the alternatives analysis, or {3) the proposed
project and all of the identified alternatives woukd not comply with water quality standards.

If the project also includes discharges to waters of the state outside of federal jurisdiction, the
permitting authority shall require the applicant to supplement the alternatives analysis to include
waters of the siate outside of federal jurisdiction unless the applicant has consulted with the
permitting authority and the altematives analysis addresses all issues identified by the
permitting authority during the consultation process. If an alternatives analysis is not required
by the Corps for discharges of dredged or fill material to waters of the U.S., the permilting
authority shall require an alternatives analysis for the entire project in accordance with the State
Supplemental Dredge ar Filt Guidelines, unless the praject is exempt under section IV.A.1(g)
above,

The penmitting authority shall not apply the presuimption set forth in the State Supplemental
Dredge or Fill Guidelines, section 230.10(a)(3) to any non-vegetated waters of the U.S. that the
Corps does not classify 83 a special aquatic site {as defined in subpart E of U.5. EPA's section
404{b){1) Guidelines}.

4. Prior to or concument with issuance of the Order, the permitting authority will approve the final
restaration plan for temporary impacte, Generally, the permitting authority will approve the final
restoration plan when it issues the Order. The permilting authority may approve the finat rastoration
plan after it issues the Order. In such cases the permilting authority shall include as a condition of
the Order that the applicant receive approval of the final restoration plan prier to initiating the
temperary impacts and shall specify a procesa for approving the final restoration plan.

5. Compensatory Mitigation

8. Compensatory 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.
Cansistent with section 230.93(a){2) of the State Supplemental Guidelines, subject tc the
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permitting authority's approval, compensatory mitigation may be performed using methods of
restoration, enhancement, establishment, and in certain circumetancas presarvation,
Restoration should generally be the first option considarad bacause the likelihood of success is
greater and the impacts to potentially ecologically important uplands are reduced compared to
establishment, and the potential gaing in terms of aquatic resource functions are greater,
compared to enhancement and preservation.

Where faasible, the permitting autharity will consult and coordinate with any other public
agenciss that have concurrent mitigation requirements in order to achieve multile
environmental benefits with a single mitigation project, thereby reducing the cost of compliance
to the applicant.

Amount: The amount of compensatory mitigation will be determined an a project-by-project
basis in accordance with State Supplemental Dredge or Fill Guidslines, aection 230.83(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 aquatic resource. The
permitling authority may reduce the amount of compensatory mitigation if buffer areas adjacent
to the compensatary mitigation are also required to be maintained as part of the compensatory
mitigation management plan. The amount of compensatory mitigation required by the
permitling authority will vary depending on 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 an a
watershed 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 on compensatory mitigation opportunities.

Strategy 2: Applicant locates compensatory mitigation using a watershed approach based on a
watershed profile developed for a project evaluation area, and demonstrates that the mitigation
project will contribute to the sustainability of walershed functions and the overall health of the
watershed area’s aguatic rescurces.,

Generally, the amount of compensatory mitigation required under Strategy 1 will be Iess than
the amount of compensatory mitigation required under Strategy 2 since the level of certainty
that a compensatory mitigation projéct will meet its performance standards increases if the
compeansatory mitigation project complies with a watershed plan as degscribed abave. Certainty
increases when thers is a coresponding increase in understanding of watershed conditions,
which is increased when using a watershed plan as described above to determing
compensatary mitigation requiremertis.

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 to
the permitting authority's approval, the ratio may be satisfied using any of the methods identified
in section IY.B.5(a). A higher overall mitigation ratio shall be used where necessary to ensure
replacement of lost aquatic resourca functions, as described in the State Supplemental Dredge
or Fill Guidelines, section 230.83(f). Where temporary impacts will be restored to pre-project
conditions, the permitting authority may require compensatory mitigation for temporal loss from
the temporary impacle.

'"* For bamporary impacts, the minimum ane-lo-one mitigation ratio for wetland or abream Iosses B not applicabls for tamporal laseas far
impacts that are fully rastored 19 pre-projecl conditions,
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d. Type and Location: The permitting authority will evaluate the applicant’s proposed mitigation
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,
equatic resource values, relevant watershed plans, and other considerations.

In general, the required compensatory mitigation should be located within the same watershed
as the impact site, but the permitting authority may approve compensatory mitigation in a
different watershad. For example, if a proposad project may affsct mora than ons watershed,
then the permitting authority may determine that locating all required project mitigation in one
area i3 ecologically preferakle to requiring mitigation within each watershed.

a. Final Compensatory Mitigation Plan: The permitting authority will review and approve the final
compensatory mitigation plan submitied by the applicant to ensure mitigation comports with the
State Supplemental Dredge or Fill Guidelines, Water Code requirements, applicable water
guality 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
adverse impacts attributed to a project considering the overall size and scope of impact. The
compensatory mitigation plan shall be sufficiant to provide the pemitting authority with a
reasonable assurance that replacement of the full range of lost aquatic resource(s} and/or
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 pemitting authority may approve the final
compensatory mitigation plan after it issues the Order. In such cases the permitting authority
shall include as a condition of the Order that the applicant receive approval of the final mitigation
plan prior to discharging dredged or fill material to waters of the state and shall specify a
pracess for approving the final mitigation plan.

f. Finangial Securtty. 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 Qrder. In
this case, the permitting authorify will approve the financial security to ensure compliance with
campensatory mitigation plan requirements. The financial security shall be in a form consistent
with the California Constitution and state law.

g. Term of Mitigation Obligation: The permitting authority may specify in the Order the conditions
that must be met in order for the permitling authority to release the permittee from the mitigation
obligation, including compensatory mitigation perforrnance standards and long-term
management funding obligations.

6. The pamnilting authority shall provide public notice in accordance with Water Code section 13167.5
for waste discharge requirements. The permitting authority shall provide public notice of an
application for water quality certification in accordance with California Code of Regulations, title 23,
section 3858. If the permitling 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 Order, or draft amendment of the Order, unless circumstances warrant ctherwise.

7. The permitting authorify will review and approve the final monitoring and reporting requirements for
all projects. Monitoring and reporting may be required to demonatrate compliance with the terms of
the Order.

C. Goneral Orders
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Discharges of dredged or fill material to waters of the state that are requlated under a general order are
not subject {o the requirements sat forth in sections IV.A and IV.B. Applicants applying to enroll under a
general order shall follow the instructions specified in the general arder for obtaining coverage.

The permitting authority may issue general orders for specific classes of dredged or fill discharmge
activities that are similar; involve the same or similar types of discharges and possible adverse impacts
recuiring the same or similar conditions or limitations in order to alleviate potential adverse impacts to
water quality: and are determined by the 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 diviston 7 of the Water Code and the Calfornia Code of Regulations, division 3 of title 23,

D. Activities 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 {V.A and IV.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, aflect the Water Board's authority to issue or waive waste discharge
requirements (WDRs) or teke other actions for the following activities or areas to the extent authonized
by the Water Code.

1. Activities excluded from application procaduras in sections I'V.A and IV.B:

a. Activities that are exempt under CWA section 404({f (33 USC § 1344(N)."” The permitting
authority shall use 33 CFR 323.4 {1986) and 40 CFR 232.3 (1588) to determine whether certain
activities are exempt under CWA section 404(f). These regulations are hereby incarporated by
referenca and shall apply to all waters of the state. Consistent with CWA section 404{7){2) and
40 CFR section 2323, any discharge of dredged or fill material to a 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 sections 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, where the flow or
circulation of water of the state may be impaired or the reach of such waters be reduced, or (2}
the discharge containg any toxic pollutant listed in CWA saction 307.

b. Suction dredge rmining activities for mineral recovery regulated under CWA. section 402.

¢. Roautine and emergency operation and maintenance activities conducted by public agencies,
water utilities, or special districts that result in discharge of dredged or fill material to artificial,
existing waters of the state:

i.  currenfly used and maintained primarily for one or more of the purposes listed in section
I1.3.d. Gy, Gii), (iv), (%), or (xi); or

i. forthe purpose of pregerving the line, grade, volumetric or flow capacity within the
existing footprint of a flood control or stormwater conveyance facility.

This exclusion does not relieve public agencies, water utilities or special districts of their

™ Note that nat all activities denified in this section necasearly resull in dischargas of dredged or fill material to walers of ihe state.

17 Unlesa otherwise specified all faderal slatules and regulations that are incorporated by refanence into thase Procedures ara the versions of
those federal slahutes and regulations that ame in effed as of April 2, 2008,
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obligation to submit an application for a water quality certification consistent with California
Code of Regulations, title 23, section 3856 or wasle discharge requirements consistent with
Water Code section 13260, whichever is applicable, 1o the permitting authority for these
activities; or thair responeibility to avoid and minimize adversa impacts to aquatic resgurces and
peneficial uses from these activities, The permitting authority has full discretion to determine
whether an activity described above qualifies for this exclusion based on the applicetion
submitted and other relevant information. If the permitting authority determines that an activity
qualifies for this exclusion, the permitting authorily retains full authority and discretion under the
Porter-Cologne Water Quality Control Act to determine how to regulate the discharge of
dredged or fill material. Where a permitting authority has already determined it appropriate to
regulate these types of activities in spacific instances, this exclusion in no way disturbs or limits
the permitting authority's current regulation of these types of activities. This exclusion does not
apply to the discharge of dredged or fill material to a water of the state approved by an agency
as compensatory mitigation.

Routine operation and meintenance activities that result in discharge of dredged or fill material
to artificially-created waters currently used and maintained primarily for ene or more of the
purposes listed in section 11.3.4. (i), (i), {iii), (vi), (vii), (x}, or {xi}. This exclusion does not apply
to the discharge of dredged or fill material 1o (a) a water of the U.5., {h) a water specHically
ilartified in a water quality control plan, {c) a water created by modification of a water of the
siate, or (d} a water approved by an agency as compensatory mitigation.

2. Areas excluded from application procedures in sections IV.A and IV.B:

Wetland areas that qualify as prior converted cropland (PCC) within the meaning of 33 CFR
section 328.3(b){2). The applicant may establich that tha area is PCC by providing ralevant
documentary evidence that the area qualifies as PCC and has not been abandoned dye to five
congsecutive years of non-use for agricultural purposes, or by providing a current PCC
certification by the Matural Resources Conservation Service, the Carps, or the U.S. EPA to the
permitting authority.

Wetlands that are, or have been, in rice cultivation {including wild rica) within the last five years
gs of April 2, 20189 and have not been abandoned due to five consacutive years of non-use in
rice production.

The following features used for agricultural purposes:.

i.  Dilches with ephemeral Raw that are not a relocated water of the state or excavaled in a
water of the slate;

ii. Ditches with imermittent flow that ars not a relocated water of the state or excavated in a
water of the state, or that do riol drain wetlands other than any wetlands described in
sections (iv) or {v),

ii. Ditches that do not flow, either directly or through ancther water, imto anocther water of
tha gtate;

iv. Arificially imigated areas that would revert to dry land should application of waters to that
area cease; or

AOOpLed APril £, 2719 rage| L4



525
526

527
528

520
530
531
532
533
534
538

536

537
538
539
540

541
542

543
544
545

b4y

549
550
551

552
553
5564
555
556
557

558
559

560
661
562
563

564

Procedures for Discharges of Dredged or Fill Material to

Waters of the State

v.  Ardificial, constructed lakes and ponds created in dry land such as farm and stock
watering pands, irigation ponds, end setfling basins.

The exclusions in section IV.D.2 do not apply to discharges of dredged or fill material that convent
wetland areas {o a non-agricultural use,

For requests for approvals from the Division of Water Righte for activities associated with (1) an
appropriation of water subject to Parl 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
Commission {FERC) license or amendment to a FERC license, or {3) any other diversion of water for
beneficial use where approval by the Division of Yater Rights is required, the Division of Water Rights
will inform the applicant whether the application procedures in sections 1V.A and 1V.B will apply to the
application.

V. Definitions

Tha following definitions apply to these Procedures, including the Stale Supplemental Dredge or Fill
Guidelines. Unless otherwise indicated, any term that is not defined in theae Procedures shall have the
same meaning as defined in Water Code section 13050, and title 23, section 3831 of the Califomia
Code of Regulations.

Abundance means an estimate of the amount of aguatic resources by type in @ watershed area, and
what types of aguatic resources are most and least prevalent.

Active Surface Mining means operations that, in accordance with Division 2, Chapier 9 of the Surface
Mining and Reclamation Act of 1975, have an approved reclamation plan, and for which reclamation
has not been certified as complete by the local lead agency with the concurrence of the Department of
Conservation,

ARernatives Analysis is the process of analyzing project alternatives, including the proposed praject,
to determine the alternative that is the least environmentally damaging practicable altemative (LEDPA).

Application means a written request, including a report of waste discharge or request for water quality
certification, for authorization of any activity that may result in the discharge of dredged or fill matenal
and is subject to these Procedures,

Discharge of Dredged or Fill Material shall have the sama meanings 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_S. and (2} any demonstrations deecribed in 40 CFR section 232 2(3)(i) shall be
made to the permitting authority instead of the Corps or U_S. 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 aquatic resource types, classification, connectivity, and
spatial distribution in a watershed area.

Ecological Reatoratlon and Enbhancement Project means the project is woluntarily undertaken for the
purpose of assisting or cantrolling the recovery of an aquatic ecosystem that has been degraded,
damaged or destroyed to restore some measure of its natural condition and to enhance the bensficial
uses, including potential benelicial uses of water.

Such projects are undertaken:
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1) in accordance with the terms and conditions of a binding stream or wetland enhancement or
restoration agreement, or a8 wetland establishmert agreement, between the real property
interest owner or the entity conducting the habitat restoration or enhancement work and:

a  afederal or stata resource agency, including, but not limited to, the U.5. Fish and
Wildlife Servica, Natural Resources Conservation Service, Farm Service Agency,
National Marine Fisheries Service, National Oceanic and Atmospheric Administration,
U.5. Forest Service, U.S. Bureau of Land Management, Califarnia Depariment of Fish
and Wildlife, California Wildlife Conservation Board, California Coastal Conservancy or
the Delta Conservancy;

b. alocal agency with the primary funclion of managing land ar water for welland habitat
purpases; or

¢. anon-governmertal conservation organization; or
2} hy a state or federal agency that iz statutorily tasked with natural resource management.

These projects do not include the conversion of a stream or natural wetland to uplands or stream
channelization, It is recognized that Ecological Restoration and Enhancement Projects may require
ongeoing maintenance or management to maximize fish, wildlife, habitat, or other ecological benefits, or
filing gullied stream channels and similar rehabilitative activities to re-establiah stream and meadow
hydrology. Changes in wetfand plant communities that occur when wetland hydrology is more fully
restored during rehabilitation activities are not considered a conversion to another aquatic habitat type.
These projects also do not include actions requirad under a Water Board Order for mitigation, actions to
selvice required mitigation, or actions undertaken for the primary purpose of |and development,

Environmental Document means a document prepared for compliance with the California
Environmental Quality Act {(CEQA) or the National Environmental Policy Act (NEFPA).

Hydrophyte means any macrophyte that grows in water or on a substrate that is at least periodically
deficient in oxygen as a resuk of excessive water content;, plants {ypically found in wet habitats,

LEDPA means the least environmentally damaging practicable alternative. The determination of
practicable altematives shall be consistent with the State Supplemental Dredge or Fill Guidelines,
section 230.10{a).

Normal Circumstances is the soil and hydrologic 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 retative permanence of the physical
alteration of wetland hydrology and hydrophytic vegetation, and consideration of the purpose and cause
of the physical alterations to hydrology and vegetation,

Order means waste discharge requirements, waivers of waste discharge requirements, or water quality
gertification,

Parmitting Authority means the entity or persen issuing the Order (i.e., the applicable Water Board,
Executive Director or Executive Officer, or his or her designee).

Project means the whole of an action that includes a discharge of dredged or fill material to waters of
the state.

Project Evaluation Area means an area that includes the project impact site, andfor the compensatory
mitigation site, and is sufficiently large to evaluate the effects of the project andfor the compensatory
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mitigation on the abundance, diversity, and condition of aquatic resources in an ecologically meaningful
unit of the watershed. The size and location of the ecologically meaningful unit shall be based on a
reasonable rationale.

Water Boards mean any of the nine Regional Water Quality Control Boards, the State Water
Resaources Control Board, ar all of them collectively.

Watershed means a land area that drains to a common waterway, such as a stream, lake, estuary,
welland, or ultimately the ccean.

Watershed Approach means an analytical pracess for evaluating the enviranmantal effects of a
proposed project and making decisions that support the sustainability or improvernent of aquatic
resources in a watershed. The watershed approach recognizes that the abundanca, diversity, and
condition of aquatic resources in a watershed suppon beneficial uses. Diversity of agquatic resources
includes both the types of aguatic resources and the locations of those aquatic resources in a
watershed. Consideration is also given to understanding histonic and potential aquatic resource
conditions, past and projected agquatic resource impacts in the watershed, and terrestrial connections
between agusatic resources., The weatershed approach can be used to evaluate avoidance and
minimization of direct, secondary (indirect), and cumulative project impacts. |t also can be used in
determmining compensatory mitigalion requirements.

Watershed Plan means a document, or a set of documents, developed in consultation with relevant
stakeholders, a specific goal of which is aquatic resource restoration, establishrnent, enhancement, and
preservation within a watershed. A watershed plan addresses aquatic resource conditions in the
watershed, multiple stakeholder interests, and land uses. Watershed plans should include information
about implementing the watershed plan. Watershed plans may also identify priority sites for aquatic
resource restoration and proteclion. Examples of watershed plans include special area management
plans, advance identification programs, and wetland management plans, The permitting authority may
approve the use of other plans, including for example, Habitat Conservation Plans (HCPs), Matural
Community Conservation Plans {NCCPs), or municipal stormwater permit watershed management
programs as watershed plans, If they substantially meet the stated above, Any NCCP approved by the
California Department 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 resources, unless the pemitting authority determines in writing that the HCP ar NCCP does not
substantially meet the definition of a watershed plan for such aquatic resources.

Whalershed Profile means a compilation of data or information on the abundance, diversity, and
candition of aguatic resources in a projecl evaluation area. The watershed profile shall include a map
and a report charactenzing the location, abundance and diversity of aguatic resources in the project
evaluation area, assessing the condition of aquatic resources in the project evaluation area, and
describing the environmental stress factors affecting that condition.

The watershed profile shall include informatien 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. 1t may include such things as current trends in
habitat [oss or conservation, cumulative impacts of past development activities, current development
trends, the presence and need of sensitive species, and chronic environmental problems or site
conditions such as flooding or poor water quality.

The scope and detail of the watershed profile shall be commensurate with the magnitude of impact
aseociatad with the proposed project. Information sources include enline searches, maps, watershed
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plans, and possibly some fieldwark i necessary. In some cases, field data may need to ba collected in
the project evaluation area to confirm the reported condition, Some or all of the information may be
obtained from a watershed plan. Watershed profiles for subsequent projects in a watarshed can be
used to track the cumulative effectiveness of the permitling authority's decisions.

Wetland Delineation means the application of a technical and procedural method to identify the
boundary of a wetland area within a specified study site by idemtifying the presence or absence of
wetland indicators at multiple points at the site and by establishing boundaries that group together sets
of points that share the same status as wetland versus nan-wetlana.
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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 U.S, EPA's 404{b}(1) Guidelines where
feasible. Due to jurisdictional and procedurgl differences, some modifications {o the U.S. EPA’s
404(b}(1) Guidelines were necessary, Generally, these changes or deletions were made to reduce
redundency (especially where sufficiently described elsewhere in these Procedures) end to account for
other state requirements. Note that the numbering scheme of the U.S. EPA’s 404(b){1) Guidelines has
keen retained in these State Supplemental Dredge or Fill Guidelines for the benefit of practitioners who
are familiar with the U.S. EPA’'s 404(b)(1} Guidelines. The State Supplemental Dredge or Fill
Guidelines describe how the Watar Boards will implement the U.S. EPA’s 404(b}(1) Guidslines under
these Procadures. The definitions contained herein apply to these Procedures, including the State
Supplemental Dredge or Fill Guidelines.

Subpart A — General
§ 230.3 Definitions.
For purposes of these Procedures, the following terms shall have the meanings indicated:

(¢) The terms equatic environment ang aquatic ecosystem mean waters of the stale, including
wetlands, ihet 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 state” where the discharge of
dredged or fill material is permitted and involves a bottom surface area and any overlying volume of
water. Inthe case ol wetlands ore ~  neral streams on which surface water is not present, the
disposal site consists of the wetlan ephemeral stream surface ares.

(k) The term extraction site meens the place frem which the dredged cr fill material proposed for
discharge is to be removed.

{n} The term permitting authority means as defined above in the main text of these Procedures.

(q) The term practicable means available and cepable of being done after teking into censideration
cost, existing technology, and |ogistics in light of overall project purposes.

{q1) Special aquatic sites means those sites identified in subpart E, Special aquatic sites are
geographic areas, large or small, possessing special ecalogical characteristics of productivity,
hakitat, wildlife protection, or othar imporant and easily disrupted ecological values. These areas
are generally recognized as significantly influencing or pesitively contributing to the general cverall
envirenmental health or vitality of the entire ecosystem of a region. {See § 23010 {a)(3))

§ 230.6 Adaptability

{a) The manner in which these Guidelines are used depends on the physical, biological, and
chemical nature of the prepeeed extraclion site, the material to be discharged, and the candidate
disposal site, including any other impertant components of the ecosysiem being evaluated.
Deocumentation to demenstrate knowledge about the extraction site, materials to be extracted, and
the candidate dispesal site is an essential component of guideline application. These Guidelines
allow evaluation and documentation for a variety of activities, ranging from those with large,
complex impacts on the aquatic envircnment 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 enlirety to any one activity, no matter how
complex. It is anticipated that substantial numbers of applications will be for minor, routine activities
that have Iittle, if any, potentia! for significant degradeation 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 Guidelines user, including the agency or agencies responsible for implementing the
Guidelines, must recognize the differant levels of effort that should be associated with varying
degrees of impact and require or prapare commensurate documentation. The level of
docurnentation should reflect the significance and compléxity of the discharge activity.

(c} An essantial part of the evaluation process involves making determinations as to the relevance

of any portion{s} of the Guidelines and conducting further evaluation only as needed. However,

where portions of the Guidelines review procedure are “short form” eveluations, there atill must be

sufficient infarmation (including consideration of both individual and cumulative impacts) to support

the decision of whether to specify the site for disposal of dredged or fill material and t0 support the

daritinn to curtail or abbreviate the evaluation process. The presumption against the discharge in
_applies to thie decision-rmaking.

Subpart B — Compliance with Guidelines
§ 230.10 Restrictions on Discharge

(a} Mo discharge of dredged or fill material shall be perrnitted if there is a praclicable alternative to
the proposed discharge which would have less adverse impact on the aquatic ecosystem, so long
as the altemative does not have other significant adverse environmental consequences.

(1) For the purpose of this requirement, practicable alternatives inciude, but are not limited to;

(i} Activities which do not involve a discharge of dredged or fill material to waters of the state
or ocean waters,

(i} Discharges of dredged or fill material at other locations in waters of the state or ocean
waiers;

{2) An alternative is pracbcable o it is available and capable of being done after taking into
consideration cost, exieting technology, and logistics in light of overall project purposas. Ifitis
ctherwise a practicable altermative, an area not presently owned by the applicant which could
reasonably be oblained, utilized, expanded or managed in order to fufill the basic purpose of
the proposed activity may be considered.

(3) Where aclivity associated with a discharge which is proposed for a special aquatic site (as
defined in subpart E) doas not require accese or proximity to or siting within the special aquatic
site in question to fulfill its basic purpose {i.e., is not “water dependent”), practicable alternatives
that do not invelve special aquatic sites are presumed to be available, unless clearly
demonstrated otherwise. In 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 ecosystern,
unless dearly demonstraled cthenwise.

(k) No discharge of dredged or fill material shall be permitted if it:

(1) Causes or contributeg, after consideration of disposal site dilution and dispersion, to
violations of any applicable State water quality standard;
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{2) Violates any applicable toxic effluent standard or prohibition under section 307 of the Clean
Water Act;

(z) No dischamge 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 contributing to
significant degradation considerad individually or collectively, include:

(1) Significantly adverse effects of the discharge of pollutants on human heakth or welfare,
including but not limited to effects on municipal water supplies, plankton, fish, shellfish, wildlife,
and special aguatic sites;

(2) Signilicantly adverse effects of the discharge of pollutanis on |ife stages of aquatic life and
other wildlife dependent on aquatic acosystems, including the transfer, concentration, and
spread of pollutants or their byproducts outside of the disposal site through biological, physical.
and chemical processes.

(3) Significantly adverse effects of the discharge of pollutants on aquatic ecosystem diversity,
productivity, and stability. Such effects may include, but are not limited to, 1oss of fish and
wildlife habitat or loss of the capacity of a wetland to assimilate nutrients, purify water, or reduce
waye energy; or

{4) Significantly adverse effects of the discharge of pollutants on recreational, aesthetic, and
aconomic valuas.

(d} Mo discharge of dredged or fill matenal shall be permitted unless appropriate and practicable
steps have been taken which will minimize potential adverse impacts of the digcharge on the
aquatic ecosystem. Subpart H identifies such possible steps,

Subpart E —Special Aquatic Sites
§ 230,40 Sanctuaries and refuges

(a) Sanctuaries and refuges consist of areas designated under State and Federal laws or lacal
ordinances to be managed principally for the preservation and use of fish and wildlife rescurces.

§ 230.41 Wetlands,
(a){"1) Wellands are as defined abovea in the main text of these Proceduras.
§ 230.42 Mud Flats.

(2} Mud flats are broad flat areas along the sea coast and in coastal rivers to the head of tida)l influence
and inland lakes, ponds, and riverine systems. When mud flats are inundated, wind and wave action
may resuspend bottom sediments. Coastal mud flats 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 containe organic material and particles emaller in size than sand. They are either
unyegetated or vegetated only by algal mats.

§ 230.43 Vegetated shallows.

{a) Vegetated shallows are pernanently inundated areas that under normal circumstances support
communities of rooted aquatic vegetation, such as turlle grass and eel grass in estuarine or marine
sysiems as wall as a number of frashwater speacies in rivers and lakes.

§ 230.45 Riifle and Pool Complexes.

{a) Steep gradient sections of streams are sometimeas characterized by ritfle and pool complexes, Such
strram sactinns ara raconnizahla by thaeir hvdraolic charactaristice Tha ranid mavemant of water nwear
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a coarse substrate in rilfles results in a rough lNow, 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, a 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 subpart. Additional criteria for compensation measures are provided in subpart J of
these Procedures.

§ 230.70 Actions conceming the location of the discharge,

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} Degigning the digcharge to aveid a disruplion of periodic water inundation patterns;
(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} Selecting 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 arees of normally fluctuating water levels, and minimize or prevent the drainage
of areas subject to such fluctuations,

§ 230.71 Actions concarning the material to be discharged

The effects of e 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 mainteined,
and the potency and availability of pollutants are reduced.

{b) Limiting the salid, liquid, and gaseous components of material to be discharged at a particular
site;

(c} Adding treatment substances to the discharge material,

{d) Utilizing chemical locculants to enhance the deposition of suspended pariculates in diked
disposal areas.

§ 230.72 Actions controlling the material after discharge.
The effects of the dredged or fill material after discharge may be controlled by:

(a) Selecting discharge methads and disposal sites where the potential for erosion, slumping or
leaching of materials into the surrounding aquatic ecosystem will be reduced. These sites or
methods include, but are not limited to;

{1} Using containment levees, sediment basing, 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 ba 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 anda containing discharged material properly to prevent point and nonpoint sources
of pollution;

(d} Timing the discharge to minimize impact, for instance dunng periods of unusual high-water
flows, wind, wave, and tidal actions.

§ 230,73 Actions affecting the method of dispersion,

The effects of a discharge can be minimized by the manner in which it is dispersed, such as:

{a) VWhere environmentally desirable, disiributing the dredged material widely in a thin layer at the
disposal site maintain natural substrate contaurs and elevation;

(b} Orienting & dredged or fill material mound to minimize undesirable obstruction to the water
current or circulation pattern, and utilizing natural bottom contours to minimize the size of the
mound;

(c) Using silt screens or other appropriate methods to confine suspended particulate/turbidity to a
smalt area where seltling or remaval can occur;

{d) Making use of currents and circulation patterns to mix, disperse and dilute the discharge;

{e) Minimizing water column turbidity by using a submemged diffuser system. A similar effect can be
accomplished by submerging pipaline discharges or otherwise releasing materials near the bottorn;

{N Selecting sites or managing discharges to confine and minimize the release of suspended
particulates to give decreased furbidity levels and to maintain light penetration for organisms;

(9) Setting limitations on the armount of material to be discharged per unit of time or volume of
receiving water,

§ 230.74 Aclions related to technalogy.

Discharge tachnology should be adapted to the needs of each site. In determining whether the
discharge oparation sufficiantly minimizes adverse environmental impacts, the applicant should
consider:

(a) Using appropriate equipment or machinery, including protective devices, and the use of such
equipment or machinery in activities related 1o the discharge of dredged or fill material;

(b) Employing appropriate maintenance and operation on equipment or machinery, including
adequate training, staffing, and working procedures,

(¢) Using machinery and techniques that are especially designed to reduce damage to wetlands.
This may include machines equipped with devices that scatter rather than mound excavated
materials, machines with specially designed wheels or fracks, and the use of mats under heavy
machines {o reduce wetland surface compaction and rutting;

(d) Designing access roads and channels spanning structures using culverts, open channels, and
diversions that will pass both low and high-water flows, accommodate fluctuating water levels, and
maintain circulation and faunal movement;

{e} Employing appropriate machinery and mathods of transport of the material for discharae,
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§ 230.75 Actions affecting plant and animal populations.

Minimization of adverse effacts on populations of plant and animals can he achieved by:

{a) Avoiding changes in water current and circulation pattems which would interfere with the
movement of animals;

{b) Selecting sites or managing discharges to prevent or avoid creating habiiat conducive to the
development of undesirable predators or species which have a competitive edge ecologically over
indiganous plants ar 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 environmentat state of higher ecolegical value by displacement of some
or all of the existing environmental characteristics. Habitat development and restoration techniques
can be used to minimize adverse impacts and to compensate for destroyed habitat. Additional
criteria for compensation measures are provided in subpart J of this part. Use techniques thad have
been demonstrated to be effective in circumstances similar to those under consideration wheraver
possible. Where proposed development and restoration techniques hawe not yet advanced to the
pilot demonstration stage, initiate their use on a small scale to allow corrective action if
unanticipated adverse impacts occur,

{a} Timing discharge to avoid spawning or migration seasans and cther biologically critical time
periods;

{f) Avoiding the destruction of remnant natural sites within areas already affected by development.

§ 230.76 Actions affecting human usa.

Minimization of adverse effects on human uge potential may be achieved by:

{a) Selecting discharge sites and following discharge procedures to prevent or minimize any
potantial damage to the aesthetically pleasing featuras of the aquatic site (e.g. viewscapes),
particularly with respect to water quality;

(b) Selecting disposal sites which are not valuable as natural aquatic areas;

{c) Timing the discharge to avoid the seasons or periods when human recreational activity
associated with the aquatic site is most imporlant;

(d) Following discharge procedures which avoid or minimize the disturbance of aesthetic features
on an aqualic site or ecosysiem;

{e) Selecting sites that will not be defrimental or increase incampatible human activity, or require the
need for frequent dredge or fill maintenance activity in remote fish and wildlife areas;

{F Locating the dizposal site outside of the vicinity of a public water supply intake.

§ 230.77 Other actions.

{a) In the case of fills, controlling runofl and other discharges from activities to be canducted 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 ather than the Carps of Engineers, maintain
desired water quality of the return discharqe through aareement with the Federal fundina 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 ecosystem that will be [ost as
well as the environmental benefits of the new syslem.

Subpart J - Compensatory Mitigation for Loaseae of Aquatic Resources
§ 230.91 Purpose and general considerations.

{a} Purpose,

{1} The purpose of this subpart is to establish standards and criteria for the use of all types of
compensatory mitigation, incuding on-site and off-site parmittee-responsible mitigation,
mitigation banks, and in-lieu fee mitigation to offset unavoidable impacts to waters of the state
autharized through the issuance of Orders.

(d) Accounting for regional variations. Where appropriate, the permitting authority shall account for
regional characteristics of aquatic resource types, functions and services when determining
perfformance standards and monitoring requirements for compensatory mitigation projects.

§ 230.92 Definitions.

For the purposes of this subpart, the following terms are defined:

Adaptive managemant means the development of a management strategy that anticipates likely
challanges associated with compeneatory mitigation projects and provides for the implementation of
actions to address those challenges, as well as unforeseen changes to those projects. It requires
cansideration of the risk, uncertainty, and dynamic nature of compensatory mitigation projects and
guides modification of those projects to optimize performance. [t includes the selection of appropriate
measures that will ensure that the aquatic resource functions are provided and inwolves analysis of
monitoring results to identify potential problems of a compensatory mitigation project and the
identification and implementation of measures ta reclify those problems.

Buffer means an upland, wetland, and/or riparian area that protects andfor enhances aguatic
rasource functions associated with waters of {he stats from disturbances associated with adjacent
land uses,

Compensatory mitigation means the restoration (re-establishment or rehabilitation}, establishment
{creation), enhancement, and/or in certain circumstances preservation of aquatic resources for the
purposes of oftsetting unavoidable adverse impacts which remain after all appropriate and practicable
avaidance and minimization has been achieved.,

Compensatory mitigation project means compensatory mitigatian 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 aguatic resource to support and maintain a community of
organisms having a spacies composition, diversity, and functional erganization comparable to
referance aquatic resources in the region.

Credit means a unit of measure (e.g., a functional or areal measure or other suitable metric)
representing the accrual or attainment of aguatic functions at a compensatory mitigation site. The
measure of aqualic functions is based on the resources restored, astablished, enhanced, or
preserved,
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Days means calendar days.

Debit means a unit of measure (e.g., a funclional or areal measure or other suitable metric)
representing the loss of aquatic functions at an impact or project site. The measure of aquatic
functions is based on the resources impacted by the authorized activity.

Enhancerment 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}.
Enhancernent results in the gain of selecled aquatic resource function(s), but may also lead to a
decline in other aguatic resource function{s). Enhancement does not result in a gain in aguatic
resource area,

Establishment {crealion) means the manipulation of the physical, chemicgal, or biclogical
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 resource performs a specific
function.

Functions means the physical, chemical, and biological processas that occur in ecosystems.
Impact means adverse effect.
In-kind means a resource of a similar structural and functional type to the impacted resource.

In-liou fae program meane a program involving the restoration, establishment, enhancemsnt, and/or
preservation of aquatic resources through funds paid to a governmental or non-profit natural
resources management entity to satisfy compensatory mitigation requirements for Orders. Similar to
a mitigation bank, an in-lisu fee praogram s&lls compensatory mitigation ¢redits 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 mitigation banks. The operation and use of an in-lieu
fee program are governed by an in-lieu fee pregram instrument,

In-lieu fee program instrument means the legal document for the establishment, operetion, 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., wetlands, streams, riparian
areas) are restored, established, enhanced, and/or presaerved for the purpose of providing
compensatory mitigation for impacls authorized by Qrders. In general, a mitigation bank sells
compensatory mitigation credits to permittees whose obligation to provide compensatory mitigation is
then transferred 10 the mitigation bank sponsor. 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-lisu fea 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 contiguous to the parcel containing the impact site.

On-site meens an area located on the same parcel of land as the impact site, or on & parcel of land
contiguous to the impact site.

Out-of-kind means a resource of a different structural and functional type from the impacted resource.
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Performance standards are observable or measurable physical {including hydrological), chemical
andfor biological aflributes that are used to determine if a compensatory mitigation project meets its
objectives.

Permittee—responsible mitigation means an agquatic resource restoration, establishment,
enhancement, andfor preservation activity undertaken by the permittee {or an autharized agent or
contractor) to provide compensatory mitigation for which the permittee retains full responsibility.

Preservation means the removal of a threat to, or prévanting the decline of, aguatic rasources by an
action in or near those aquatic resources. This tarm includes activities commonly associated with the
protection and maintenance of aquatic resources through the implementation of appropriate legal and
physical mechanisms. Preservation does not resull in a gain of aguatic resource area or functions.

Re-establishment means the manipulation of the physicel, 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 former aquatic respurce and results in a gain in equatic resource
area and functions.

Reference aguatic resources are a set of aquatic resources that represent the full range of variability
exhibited by a regional class of aquatic resources as a result of natural processes and anthropegenic
disturbances.

Rehabhilitation means the manipulation of the physical, chemical, or biolegical characteristics of a site
with the goal of repairing natural/historic functions to a degraded aquatic resource. Rehabilitation
results in a 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 biological characteristics of a site
with the goal of returning natural/historic functions to a former or degraded aguatic resource. For the
purpose of tracking net gains in aquatic resource area, restoration is divided into two categories: re-
establishment and rehabilitation.

Service area means the geographic area within which impacts can be mitigated at a specific
mitigation bank or an in-lieu fee program, 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 for establishing, and in most circumstances,
aperating a mitigation bank or in-lieu fee 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 compensatory mitigation site.
Higher compensation ratios may be required to compensate for temporal loss, When the
compensatory mitigation project is initiated prior to, or concurrent with, the permitted impacts, the
permitting authority may dstermine that compensation for temporal loss i3 not necessary, unless the
resource has a long devalopment time.

Watershed means a land area that drains to a common waterway, such as a stream, lake, estuary,
wetland, or ultimately the ocean.

VWatershed approach is defined above in the main text of these Procedures.
Watershed plan is defined above in the main text of these Procedures.

§ 230.93 General compensatory mitigation requirements.
(a) General Considerations.
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{1} The fundamental abjeclive of compensatory mitigalion is to offset environmental losses
resulting from unavoidable impacts to waters of the state authorized by Crders. The pemnitting
authority must determine the compensatory mitigation to be required in an Crder, based on
what would be environmentally preferabla. In making this determination, the permitting authority
must assess the likelthood for ecological success and sustainability, and the location of the
compensation site relative to the impact 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 banke or in-lieu fee programs
because they usually involve consolidating compensatory mitigation projects where ecologically
appropriate, consolidating resources, praviding financial planning and scientific expertise (which
often is not practical for permittee-responsible compensatory mitigetion projects), reducing
temporal losses of functions, and reducing uncertainty over projecl success. Compensatary
mitigation requirements must be commensurate with the amount and type of impact that is
associated with a parlicular 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 gensrally be the
first aption considered because the likelhood of success is greater and the impacts to
patentially ecologically important uplands are reduced compared to establishment, and the
patential gains in terms of aquatic resource functions are greater, compared to enhancement
and preservation.

(3) Compensatory mitigation projects rnay be sited on public or private lands, Cradits for
compensatory mitigation projects on public land must be based solely on aquatic resource
functions provided by the compensatory mitigation project, over and above those provided by
public programs already planned or in place. All compensatory miligation projects must comply
with the standards in seclion IV of these Procedures, if they are ta be used to provide
compensatory mitigation for activities authorized by Qrders, regardless of whether they are sited
on public or private lands 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
watershed as the impact site, and should be Iocated where it is mast likely to successfully
replace lost functions and services, taking into account such watershed scale features as
agquatic habitat divaersity, habitat connectivity, relationships to hydrologic 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 chosen to replace lost functions and servicas within the
same marine ecological system {e.g., reef complex, littoral drift cell). Compensation for impacts
to aguatic resources in coastal watersheds (watersheds that include a tidal water body) should
also be located in a coastal watershed where practicable. Compensataory mitigation projects
should not be located where they will increase risks to aviation by atiracting wildlife to areas
where aircrafl-wildlife strkes 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
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credits available, the parmittee’s compensalory mitigation requirements may be met by securing
those credits from the sponsor. Since an approved instrument (including an approved mitigation
plan and appropriate real estate and financial aesurances) for a mitigation bank is required to be
in place before its credils can begin to be used to compensate for authorized impacis, use of a
mitigation bank can help reduce risk and uncerainty, as well as temporal loss of resource
functions and services. Mitigation bank credits are not released for debiting until specific
mifestanes associated with the mitigation bank site’'s protection and development are achieved,
thus uge of mitigation bank credits can alse help reduce risk that mitigation will not be fully
successful, Mitigation banks typically involve larger, more ecologically valuable parcels, and
more rigorous scientific and technical analysis, planning and implementation than permittee-
responsible mitigation. Also, development of a mitigation bank reguires site identification in
advance, projeci-spacific planning, and significant investment of financial resourcesa that is often
not practicable for many indieu 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 considerations may slso be used to override this preference,
where appropriate, as, for example, where an in-lieu fee program has released credits available
from a specific approved in-lieu fae projeet, or a permittee-responsible project will restare an
outstanding resource based on rigorous scientific and technical analysis.

(3} In-lieu fee program credits. VWhere 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 permittee’s compensatary mitigation requirements may be met by
securing those credits from the sponsor. YWhere permitted impacis are not located in the service
area of an approved mitigation bank, or the approved mitigation bank does not have the
appropriate number and resource type of credits available to offset those impacls, in-lieu fee
mitigation, if available, is generally prefarable 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 mitigation.
They also devote significant resources to identifying and addressing high-priarity resource
needs on a watershed scale, as reflected in their compensation planning framewerk. For these
reasons, the permitling eulherity should give preference {o in-lieu fee progrem credils over
permittee-responsible mitigation, where these considerations are applicable. However, as with
the preference for mitigation bank credits, these same considerations may be used to override
this preference where appropriate. Additionally, in cases where permittee-responsible
mitigation is likely to successfully meet performance standards hefore 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-lieu fee mitigation and permittee-responsible mitigation,

{4) Pemmittee-responsible mitigation under a watershed approach, Where permitted impacts
are not in the service area of an approved mitigation bank or in-fieu fee program that has the
appropriate number and resource type of credils available, permitlee-respensible mitigation is
the only option. Where practicable and likely to be successful and sustainable, the resource
type and location far the required permitiee-responsible compensatory mitigation should be
determined using the printiples of a watarshed approach as outlined in paragraph {c) of this
section,

(5} Permittee-respoensible mitigation through on-site and 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 esource impacts by requiring on-site and in-kind compensatory
mitigation. The permitting authority must also consider the practicability of an-site
compensatory mitigation and its compatibility with the proposed project.

{6) Permittee-responsible mitigation through off-site andfor 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 autherily determines that these compensatory mitigation
oppuartunities are not practicable, are unlikely to compensate for the permitted impacts, or will be
incompatible with the proposed projedt, and an alternative, practicable off-site andfor out-of-kind
mitigation opportunity is identified that has a greater likelihcod of offsetting the permitted
impacts or is envircnmentally preferable to on-site or in-kind miligation, the permitling autharity
should require that this alternative compensatory mitigation be provided.

{c) Watershed approach to compensatory mitigation,

{1) The permitting authority must use a watershed approach to establish compensatory
mitigation requirements in Orders as described in the main text of the Procedures. VWhere a
watershed plan is available, the permitting authority will determine whether the plan meets the
definition of watershed plan in the Procedures and therafors is appropriate for use in the
watershed approach for compensatory mitigation. In cases where tha parmitting authority
determines that an appropriate watershed plan is available, the watershed approach should be
based on that plan. Where no such plan is available, ihe watershed approach should be based
on information provided by the project sponsor or available from other sources. The ultimate
goal of a watershed appreach is to maintain and improve the abundance, diversity, and
candition of aguatic resources within watersheds through strategic selection of compensatory
mitigation sites.

(2) Considerations.

(iy A watershed approach to compensatory mitigation considers the importance of condition,
landscape position and resource type of compensatory mitigation projects for the
sustainability of aquatic resource 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 wil continue fo function over time in a
changing landscape. It also considers the habitat requirements of important species, habitat
loss or conversion trende, sources of watershed impairmant, and current development
trends, as well as the requirements of other regulatory and non-regulatory programs that
affecl the watershed, such as storm water management or habitat conservation programs. It
includes the protection and maintenance of terrestrial resources. such as non-wetland
riparian areas and uplands, when those resources contribute to or improve the overall
ecological functioning of aquatic resources in the watershed. Compensatory mitigation
requirements determined through the watershed approach should not focus exclusively an
specific functions {e.q., water quality or habitat for certain species), but should provide, where
practicable, the suite of functions typically provided by the affected aquatic resource.

(i) Locational factors {e.g., hvdralogy, surrounding land use} are important to the suctess of
compensatory mitigation for impacted hahitat fungtions and may lead to siting of such
mitigation away from the projeci area. However, consideration should also be given to
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functions and services {e.g., water quality, flood control, shoreline protection) that will Fkely
need to be addressed at or near the areas impacted by the permitted impaects.

{iif) A watershed approach may include on-site compensatory mitigation, off-site
compensatory mitigation {including mitigation banks or in-lieu fee programs), or a
gomkination of on-site and ofi-site compensatory mitigaticn.

{iv) A watershed approach to compensatery mitigation should include, to the exient
practicable, inventories of historic and existing aguatic resources, including identification of
degraded aquatic resources, and identificalion of immediate and long-term aquatic resource
needs within watersheds that can be met through permitiee-responsible mitigation projects,
mitigation banks, orin-lieu fee programs. Planning efforts should identify and prioritize
aguatic resource restoration, establishment, and enhancement activities, and preservation of
exigling aquatic resources that are impartant for maintaining or improving ecolegical functiona
of ihe watershed, The identification and prioritization of resource needs should be as specilic
as possible, to enhance the usefulness of the approach in determining compensatory
mitigation requirements.

{v) A waterahed approach is not appropriate in araas where watershed boundaries do not
exist, such as marine areas. In such cases, an appropriate spatial scale should be used to
replace lost functions and services within the same ecolegical system {e.g., reef complex,
Ittcral drift cell).

(3) Information Neads.

(i} In the absence of a watershed plan determined by the permitting authority under
paragraph (c)(1) of this seclion to be appropriate for use in the watershed approach, the
permitting authority will use a watershed approach baged on analysis of information
regarding watershed conditions (as identified in the watershed profile} and needs, including
potentiel sites for aquatic resource restoration activities and priorities for aguatic resource
restoration and preservation. Such information includes; Current trends in habitat loss or
conversion; cumulative impacts of past development activities, current devslopment trends,
the presence and needs of sensilive spacies; site conditions that favor or hinder the success
of compensatory mitigation projects; and chronic environmental problems such as floeding or
poor water quality.

{w} This inffomation may be available from sources such as wetland maps; soil surveys; 1.8,
Geological Survey topogrephic and hydrologic maps; aerial photogrephs; information on rare,
endangered and threatened species and critical habitat; local ecological reports or studies;
and other informalion sources that could be used {o identify locations for suitable
compensatory mitigatian projects in the watershed.

{iii) The level of information and analysis needed to support a watershed approach must be
commensurate with the scope and scale of the proposed impacts reguiring an Order, as well
as the functions lost as a result of those impacts.

{4) Walershed Scale. The size of watershed addressed using a watershed approach should not
be larcer than is abbrooriate to ensura that the aguatic rescurcee orovided throuah
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compensation activities will effectively compensate for adverse environmental impacts resulting
from activities authorized by Ordera. The permitting authority should consider relevant
environmental factors and appropriate locally-developed standards and criteria when
determining the appropriate watershed scale in guiding compensation activities,

{d) Site selection.

(1) The compensatory miligalion project site must be ecologically suitable for providing the
desired aquatic resource functions. In determining the ecological suitahility of the compensatory
mitigation praject site, the permitting authority must consider, to the extent practicable, the
following factors:

{i} Hydrological conditions, soil characteristics, and other physical and chemical
characteristics;

(i) Watershed-scale features, such as aquatic habitat diversity, habitat conneclivity, and
other landscape ecale functions;

{iii) The size and location of the compenaatory mitigalion site relative to hydrologic sources
{including the availability of water rights) and other ecological features,

(iv) Compatibility with adjacent land usas and watershed managemant plans;

(v) Reasonably foreseeable effects the compensatory mitigation project will have on
ecaologically important aquatic or terrestnal resources (e.g., shallow sub-tidal hakitat, mature
forests), cultural sites, or habitat for federally- or state-listed threatened 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 streem network, local or regional goals for the restoration or protection of
particular habitat types or functions (e.g., re-establishment of habitat corridors or habitat for
species of concern), water guality goals, floodplain management goals, and the relative
potential for chemical contamination of the aqualic resources.

{2) Permitting authorities may require on-site, off-site, or a combination of an-site and off-site
compensatory mitigation to replace permitted losses of aguatic resource functions and services.

{3) Applicants should propose compensation sites adjacent to existing aquatic resources or
whare agquatic resourcas previously existed.

{e) Witigation type.

(1) In general, in-kind mitigation is preferable to gut-of-kind mitigation because it is most fikely to
compensats for the functions and services lost at the impact site. For example, tidal wetland
compensatory mitigation projects are most likely to compensate for unavoidable 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, except as provided in
paragraph (e)(2) of this section, the required compengatory mitigation shall be of a similar type
to the affected aquatic resource,

(2} If the permitting authority determines, using the watarshed approach in accerdance with
paragraph (c) of this section that out-of-kind compensatory mitigation will serve the aquatic
resource needs of the watershed, the permitting authority may authorize the use of such out-of-
kind compensatory mitigation. The basis for autharization of out-of-kind compensataory
mitigation must be documented in the administrative record for the Order action.

(3} For difficult-to-replace resources (e.g., bogs, fens, springs, sireams, vegetated seasonal
wetlands, slope and seep wetlands, vernal pools, and wet meadows) if further evoidance 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,

{N Amount of compensatory mitigation.

(1) If the permitting authority determines that compensatory mitigation is necessary to offset
unavoidable impacts to aquatic resources, the amount of required compensatory mitigation
must be, to the extent practicable, sufficient lo replace lost aquatic resource functions. In cases
where appropriate functional or cendilion assessment methods or other suitable metrics are
available, ihese methods should be used where practicable to determine how much
compensatory 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, differences between the functions lost at the impact site and the functions
expected o be produced by the compensatory mitigation project, temparal losses of aguatic
resource functions, the difficulty of restoring or establishing the desired aquatic resaurce type
end 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 aclion.

() If an in-ligu fee program will be used to provide the required compensatory mitigation, and
the appropriate number and resource type of raleased credits are not available, the permitting
authority musl require sufficient compensation to account for the rick and unceriainty associated
with in-lieu fee projects that have not been implemented before the permiited impacls have
occurred.

(g) Use of mitigation banks and in-lieu fee programs. Mitigation banks and in-liev fee programs
may be used to compensate for impacts to aquatic resources authorized by general Orders and
individual Orders in accordance with the preference hierarchy in paragraph (b) of this section,
Mitigation banks and in-lieu fee programs may alsa be used to satisfy requirements arising out of an
enforcement action, such as supplernental 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 resources to be preserved provide important physical, chemical, or biological
functions for the watershed;

{i The resources to ba 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 autharity must use appropriate quantitativa
assessment tools where evailable;

(i} Preservation is determined by the permitting authority to be appropriate and practicable;
(iv) The resources are under threat of destruction or adverse modifications; and

{v) Tha preservad site will be permanantly protected through an appropriate real estate or
other legal instrument (e.q., easement, title transfer to state resource agency or land trust),

{2) Where preservation i3 used to provide compensatory mitigation, to the extent appropriate
and practicable the preservation shall be done in conjunction with aquatic resource restoration,
establishment, andfor enhancement activities, This requirement may be waived by the
pemmitting 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 authcrity may require the restoration, establishment,
enhancement, and preservation, ag well as the maintenance, of riparian areas andfor buffers
around equatic resources where necessary to ensure the long-term viability of those
resources. Buffers may also provide habitat or corridors necessary for the ecological
functioning of agquatic resources. If bulfers are required by the pemitting authority as part of
the compensatory mitigation project, compensatory mitigation credit will be provided for those
buffers, as provided in section IV B.5 (c).

(j) Relationship to other faderal, tribal, state, and local programs.

(1) Compensatory mitigation projects for Crders may also be used to satisfy the environmental
requirements of other programs, such as tribel, state, or loca! wetlands regulatory programs,
other federal programs such as the Surface Mining Control and Reclamation Act, Corps civil
works projects, and Department of Defense military construction projects, consistent with the
terms and requirements of these programs and subjact to the following considerations:

(i} The compensatery miligation project must include appropriate compensation required by
the Order for 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
one permitted activity. However, where appropriate, compensatory mitigation projects,
including mitigation banks and in-lisu fee projects, may be designed to holistically address
requiremenis under muliiple programs and authorities for the same activity.
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(2) Except for projects undertaken by federal agencies, or where federal funding is specifically
authorized to provide compensatory mitigation, federally-funded aquatic resource restoration or
conservation projects underfaken for purposes other than compensatory mitigation, such as the
YWetlands Reserve Program, Conservation Reserve Program, and Partners for Wildlife Program
activilies, cannot be used for the purpose of generating compensatory mitigation credits for
activilies authorized by Orders. However, compensatory mitigation credits may be generated by
activities undertaken in conjunction with, but supplemental to, such programs in order to
maximize the overall ecological benefits of the restoration or conservation project.

(3) Compensatory mitigation projecis may also be used to provide compensatory 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 {j){*} of this section.

(k) Order conditions.

(1) The compensatory mitigation requirements for an Order, including the amount and type of
compensatory mitigation, must be clearly stated in the special conditions of the individual Order
or authorization to use the general Order. The special conditions must be enforceable.

{2} For an Order that requires pemitieesresponsible mitigation, the special conditions must:
(i) ldentify the party responsible for providing the compensatory mitigation;

(i) Incorporate, by reference, the final or draft mitigation plan approved by the permitling
authority;

(iiiy State the objectives, performance standards, and monitering required for the
compansatory mitigation project, unless they are provided in the approved final mitigation
plan; and

(v} Describe any required financial agsurances or long-term management provisions for the
compensatory mitigation project, unless they are specified in the approved final mitigation
plan,

(4) If a mitigation bark or in-lieu fee program is used to provide the required compensatory
mitigation, the special conditions must indicate whether a mitigation bank or in-lieu fee program
will be used, and specify the number and resource type of credits the permittes is required ta
secure, In the case of an individual Order, the special condition must also identify the specific
mitigation bank or indieu fee program that will be used. For authorizations to use a general
Order, the special conditions may either identify the specific mitigation bank or in-lieu fee
program, or state that the specific mitigation bank or in-lieu fee program used to provide the
required compensatory mitigation must be approved by the permitting authority before the
cradits are securad.

() 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, end long-term
management of the compensatory mitigation project.

{3) If use of a mitigation bank or in-lieu fee program is approved by the permitting authority to
provide part or all of the required compensatary mitigation for an Order, the pemittee retains
responasibility for providing the compensatory mitigation until the appropriate number and
resource type of credits have been secured from a sponsor and the permitting authority has
received documentation that confirms that the sponsor has accepted the responsibility for
providing the required compensatory mitigation. This documentation may consist of a letler 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. If 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 compensatary mitigation project shall be, to the maximum axtent
practicable, in advance of or concurrent with the activity causing the authorized impacts. The
permitting autheority shall require, 10 the extent appropriate and practicakle, additional compensatory
mitigalion to offset temparal losses of aquatic functions that will result from the permitted activity.

(n) Financial assurances.

(1) The permitting authority shall require sufficient financial assurances to ensure a high levet of
confidence that the compensatory mitigation project will be successfully completed, in
accordance with applicable performance standards. In cases where an alternate mechanism is
available to ensura a high levet of confidence that the compensatory mitigation will be provided
and maintained {e.g., a formal, documented commitment from a government agency or public
authority} the pemitting authority may determine that financial assurances are not necessary for
that compensatory mitigation project,

{2) The amount of the required financial assurances must be determined by the permitting
authority, 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 performance of the project spansor,
and any other factors the permitting authonty deems appropriate. Financial assurances may be
in tha form of performanca bonds, escrow accounts, casualty insurance, letters of credit,
legis|ative appropriatione for government sponsored projects, or other appropriate instruments,
subject to the approval of the permitting autherity. The rationale for determining the amount of
the reguired financial assurances must be documented in the administrative record for either the
Order or the instrument. In determining the assurance amount, the permitting authority shall
consider the cost of providing replacement mitigation, including costs for land acquisition,
planning and engineering, legal fees, mohilization, canstruction, and monitonng.

(3} If financial assurances are required, the Order must include a special condition requiring the
financial assurances to be in place prior to commencing the permitied adtivity.

AUUPIEU APTH &, £ULY Fage | sb



1381
1382
1383
1384
1385
1386

1387
1388
1388
1390
1391

1392
1393
1394
1395
1396

1397
1398
1399
1400
1401
1402

1403

1404
1405
1406

1407
1408

1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423

Procedures for Discharges of Dredged or Fill Material to

Waters of the State

(4} Financial assurances shall be phased out once the compensatory mitigation project has
been determined by the perrnitting authority to be successful in accordance with its performance
standards. The Qrder or instrument must clearly specify the conditions under which the
financial assurances are to be released to the permittee, sponsor, and/or other financial
assurance pravider, including, as appropriate, linkage o achievement of performance
standards, adaptive management, or compliance with special conditions.

{5} A financial assurance must be 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 teke the form of a contracluel requirement for the assurance
provider to notify the permitting autharity at least 120 days befare the assurance is revoked ar
terminated.

(6) Financial assurances shall be payable at the direction of the permitting authority to his
designee or to a standby trust agreement. When a standby trust is used {e.g., with performance
bonds or letters of credit) all amounts paid by the iinancial assurance provider shall be
deposited directly into the standby trust fund for distribution by the trustee in accordance with
fhe permitting authority's instructions.

{o) Compliance with applicabl® law. The compé&nsatory mitigation projact must comply with all
applicable federal, state, and local laws. The Qrder, 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, except as determined by the permitting authority to be consgistent with its statutory
euthority, mission, and priorities,

& 230.94 Planning and documentation.

(a) Pre-application consultations. Potential applicants for Orders are encouraged to participate in
pre-application meetings with the permitting authority and apprapriate agencies to discugs potential
mitigetion reguiremenls and information needs,

(c) Mitigation plan.
(1) Preparation and Approval.

(i) For individual Orders, the pemnittee must prepare a draft mitigetion plan and submit it to
the permitling authority for review prior to issuing the Order. After addressing any comments
provided by the permitting authority, the permittee must prepare a final mitigation plan, which
must be approved by the permitting authority prior to commencing work in waters of the state.
The appraved final mitigation plan must be incarporated into the individual Order either as an
attachment or by reference. The final mitigation plan must includa the items described in
paragraphs (c){2) through {c){14) of this section, but the level of detail of the mitigation plan
should be commensurate with the scale and scope of the impacts. As an alternative, the
permitting authority may determine that it would be more appropriate to address any of the
items described in paregraphs (c)(2) through (c}{14) of this section as Qrder conditions,
instead of components of a compensatory mitigation plan. For permittees who intend to fulfill
their compensatory mitigation obligations by secunng credits from approved mitigation banks
or inlisu fea programs, their mitigation plans need include only the items described in
paragraphs (c}{5) and (c}{6) of this section, and the name of the 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
mathod of compensation {i.e., restoration, establishment, enhancement, and/or preservation),
and the manner in which the resourcs functions of the compensatory mitigation project will
address the needs of the waterahed, ecoregion, physiographic province, or other geographic
area of interest.

(3} Site selection. A description of the factors considered during the site sefection process,
This should include consideration of watershed needs, on-site alternatives where applicable,
and the practicability of accomplishing ecolagically self-sustaining aquatic resource restaration,
estahliechmant anhancement, and/or preservation at the compensatory mitigation project site.
(Sec

(4} Site protection instrument. A description of the legal amrangements and instrument, including
gite ownership, that will be 1=ad tn ananre the long-term protection of the compensatory
mitigation project site {se«

(5) Basaline irformation. A description of the ecological characteristics 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 coordinates for those site(s), and other 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 project
site. A prospective permittee planning to secure credits from an approved mitigation bank or in-
lieu fee program only needs to provide baseline information about the impact site, not the
mitigation bank cr in-lieu fee project site.

(5) Datarmination of credits. A description of the number of ~radits i~ ba nrovided, including a
brief explanation of the rationale for this determination. {Sex

{i} For permittee-responsible mitigation, this should indude an explanation of how the
compensatory mitigation project will provide the required compensation for unavoidable
impacts to aquatic resources resulting from the permitted activity.

(i) For permittees intending to secure credits from an approved mitigation bank or in-lisu fee
program, it should include the number and resource type of credits to be secured and how
these were determined.

(7} Miligation work plan. Detailed written specifications and work descriptions for the
compensatory mitigation project, including, but not limited to, the geographic boundaries of the
projact, construction mathods, timing, and sequeance; sourca(s) of water, including connections
to existing waters and uplands; methods for establishing the desired plant community; plans to
control invasive plant species; the proposed grading plan, including elevations and slapes of the
substrate; soil management; and erosion control measures. For stream compensatory
mitigation projects, the mitigation work plan may also include other relevant information, such as
planform geometry, channel form (e.g., typical channel cross-sections), watershed size, design
discharge, and riparian area plantings,

{8) Maintenance plan. A description 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 datarming
whether the compengatory mitigation project is achieving ita objectives. (Se¢
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(10) Monitoning requirements. A descripticn of parameters to be monitored in order to
determine if the compensatory mitigation project is on track {0 meet performance standards and
if adaptive management is needed. A schedule for moniarina and raparting on manitoring
results to the permitting authority must be included. (Se¢

{11} Long-term management plan. A description of how the compensatory mitigation project will
ke managed after performance standards have been achieved to ensure the long-term
sustainability of the resource, including long=t=rm finan~inn mechanisms and the party
responsibde for long-term management. (See¢

(12} Adaptive management pian. A managemert strategy to addrees unforeseen changes in
site conditions or other components of the compensatary mitigation project, including the party
or parties responsible for implementing adaptive managemeant measures. The adaptive
management plan will guide decisions for revising compensatory mitigation plans and
implementing measures to address both foreseeable and unfrrazaan circumstances that
adversely affect compensatory mitigation success. (See

{13) Financial assurances. A description of financial assurances that will be provided and how
thay are sufficient to ensure a high level of confidence that the compensatary mitinatinn nrniact
will be successfully completed, in accordance with its perfarmance standards (se«

(14) Other information. The permitting authority may require additional information as
necessary to determine the appropriateness, feasibility, and practicabllity of the compensatory
mitigetion projecl.

§ 230,85 Ecological performance standards.

{a) The approved mitigation plan must cortain performance standards that will be used to assess
whether the project ig achieving its objectives. Performance standards should relate to the
objectives of the compensatery mitigation project, so that the project can be objectively evaluated to
determine if it is developing into the desired resource type, providing the expected condition or
functions, and attaining any other applicable metrics {e.g., acres).

{b) Performance standards must be based on altnbutes that are objective and verifiable. Ecological
performance standards must be based on the best availabls ecience that can be measured or
assessed in a praclicable manner. Performance standards may be based on variables or
measures of funclional capacity or condition as described in assessment methadologies,
measurements of hydrology or other aquatic resource characteristics, and/or comparisons to
reference aquatic resources of similer type and lendscape position. The use of reference aquatic
resources ta establish performance standards will help ensure that those performance standards
are reasonably achievable, by reflecting the range of variability exhibited by the regional class cf
aquafic resources as a result of natural processes and anthropogenic disturbances. Performance
standards based on measurements of hydrology should take into consideration the hydrologic
variability exhibited by reference aquatic resources, especially wetlands. Where practicabla,
performance standards should take into account the expected stages of the aquatic resource
development proceas, in order to allow early identification of potential problems and appropriate
adaptive managemant.

§ 230.96 Manitoring.

(a) General.

{1} Monitoring the compensatory mitigation project site i3 necessary to determine if the project is
meeting its performance standards, and to determine if measures are necesaary 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
commensuraie with the scale and scope of the compengatory mitigation project, as well as the
compensatory mitigation project type. The mitigation plan must address the monitoring
requirements for the compensatory mitigation project, including the parameters to be monitored,
the length of the monitoring period, the party responsible for conducting the monitoring, the
frequency for submitting monitoring reports to the permitting authority, and the parly responsible
for submitting thase monitoring reports tc the permitting autharity.

(2} The permitting authority may conduct site inspections on a regular basis (e.g., annually)
during the monitoring period to evaluate mitigation site perfermance.

(b) Monitoring peried. The mitigation plan must provide for a monitoring period that is sutficient to
demonstrate that the compensatory mitigation project has mat performance standards, but not less
than five years. A longer monitoning period must be required for aguatic resources with slow
development rates (e.g., forested wetlands, bogs). Following project implementation, the permitling
authority may reduce or waive the remaining monitoring requirements upon a daterrnination that the
compensatory mitigation project has achieved its perdomnance standards. Conversely the
permitting authority may extend the original monitoring period upon a determination that
perfarmance standards have not been rnet or the cornpensatory 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 permitling authorty must determine the information to be included in monitcring reports.
This information must be sufficient for the permitting authority to determine how the
compensatory mitigation project is progressing towards meeting its performance standards, and
may include plans (such as ag-built plans}, maps, and photographs to illusirate site conditions.
Menitoring reports may also include the results of functional, condition, or cther assessments
ueed to provide quantitative or qualitative measures of the funetione provided by the
compensatory mitigation project site,

(2) The permittee or sponsor i9 respensible for submitting ronitoring repons in accordance with
the special conditions of the Order or the terms of the instrument. Failure to submit monitoring
reporis in a timely manner may result in compliance action by the permitling authority.

(3) Monitoring reporls must be providaed by the permitting authority to imterssted federal, tribal,
state, and local resource agencies, and the public, upen request.

§ 230.97 Management.

{a) Site protection.

(1} The aquatic habitats, riparian areas, buffers, and uplands that comprise the averall
compensatory mitigation project must be provided long-term protection through real estate
instruments cr other available mechanisms, as appropriate. Long<temn protection may be
provided through real estate instruments such as conservation eesements held by entities such
as Tederal, tribal, state, or local resource agencies, non-profit conservation organizations, or
private land managers,; the transfer of title to such entities; or by restrictive cavenants. For
government properly, long-term protection may be provided through state or federal facility
management plans or integrated natural resources management plans. When approving a

mathad far Innctarm meatactian A nancsnuarnmant nranarky nthar than teancfar Af lila tha
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psrmitting authority shall consider relevant legal constraints on the use of conservation
sasements and/or restrictive covenants in detemmining whether such mechanisms provide
sufficient site protection. To provide sufficient site protection, a conservation easement or
restrictive covenant should, where practicable, establish in an appropriate third party (e.g.,
governmental or non-profit resource management agency) the right to enforce site protections
and provide the third party the resources necessary to monitor and enforce these site
protections.

(2) The reat estate instrument, management plan, or other mechenism providing long-lerm
protection of the compensatory mitigation site must, to the extent appropriate and praclicable,
prohibit incompatible uses (eg., clear gutting or minerel exiraction) that might otherwise
jeopardize the objectives of the compensatory mitigation project. Y¥here appropriate, multiple
instrumente recagnizing 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 authority before
any aclion is taken to void or modify the instrument, management plan, or long-term protection
mechanism, including transfer of title to, or establishment of any other legal claims over, the
compensatory mitigation site.

(4) For compensatory mitigation projacts on public lands, where state or Federal facility
management plans or integrated natural resources management plans are used to provide long-
term profeclion, and changes in statute, regulation, or agency needs or mission results in an
incompatible use on public {ands originally set aside for compensatory mitigation, the public
egency authorizing the incompatible use is responsible for providing alternative compensatory
mitigation that is acceptable to the permitting authority for any loss in functions resulting from
the incompatible use,

(5) A real estate instrument, management plan, or other long-term protaction mechanism used
for site protection of permittee-responsible mitigation must be approved by the permitling
authority in advance of, or concurmrent 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 engineering features (e.g., pumps) end appropriate siting to ensure that
natural hydrology and landscape cortext will support long-term sustainability. Where active long-
term management and maintenance are necessary to ensure long-term sustainability (e.g.,
préscribed burning, invasive species control, meintenance of water control structures, easement
snforcement}, the responsible party must provide for such managemert and maintenance. This
includes the provision of long-term financing mechanisms where necessary, Where needad, the
acquisition and protection of water rights must be securad and documenied in the Order conditions
or instrument,

{c) Adaptive management.

{1) If the compensatory mitigation project capnot be constructed in accordance with the
approved mitigatian plans, the permittee or sponsor must notify the permitting authority. A
significant modification of the compensatory mitigation project requires approval fram the
permitling authority.

{2) If monitoring or other information indicates that the compensatory mitigation project is not
progressing towards meeting its performance standards as anticipated, the responsible party
muet notify the permitting authority as scon 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 comparahble to the onginal 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
measures may include site modifications, design changes, revisions to maintenance
regquirements, and revised monitoring requiremenis. 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
objectives if the new standards provide for ecological benefits that are comparable or superior to
the appraved compensatory mitigation project. No other revisions to performance standards will
be allowed except in the case of natural disasters.

(d) Long-tarm management.

{1) The Order conditions or instrument must identify the parnty responsible for ownership and all
long-term management of the compensatory mitigation project. The Order conditions or
instrument may centain provisions allowing the permittee or sponsor to transfar the long-tarm
management responsibilities of the compensatory mitigation project site {0 a land stewardship
entity, such as a public agency, non-governmental organization, or private land manager, after
review and approval 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
neads, annual cost estimates for these needs, and identify the funding mechanism that will be
used to meel those needs.

{3) Any provisions necessary for long-term financing must be addressed in the onginal Order or
instrument. The permitling 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 parties, 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 permittee-responsible mitigation, any long-term financing mechanisms must be
approved in advance of the activity causing the authorized impects,
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