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and have a conspicuous black keratinized spade 
c,n the ventral surface of the rear feet. 

Taxonomic Relationships 

The validity of this taxon has never been ques­
tioned, although confusion about the type 
specimen and locality has been discussed {Fou­
quette 1968). Osteological and genetic data, as 
well as call characteristics. suggest that it is 
related to Central American bufonids (Tihen 
1962, Martin 1972, Sullivan and Malmos 1994. 
Pauly et al. 2004, Frost et al zoo6a). 

Frost et al. (2.006a) suggested a taxonomic 
revision that placed this species in the genus 
Cm»opsis. Based on subsequent discoveries of 
older available names, the genus name for this 
tax:on was later revised to Ollo~is (Frost et al. 
2.006b) and then lticifius {Frost et al. 2.009b. 
Pauly et al. 2009}. We retain the older taxon­
omy both for taxonomic stability and because 
the analyses supporting the original rearrange­
ment are controversial (Crother 2.009, Frost et 
al. 2.009a. Pauly et al. i.009}. 

Life Histoty 

The life history of this species in California is 
unknown, and we base the following discus• 
sion on observations from other areas. Bufo 
alv11rius spends much of the year underground, 
presumably in rodent burrows (Degenhardt et 
al. 1996). Bufc alvaritis is primarily nocturnal 
and becomes active before summer rains. II is 
more strongly aquatic than most North Ameri­
can toads (Stebbins 1951). Breeding behavior 
appears to be generally associated with sum­
mer rains (Sullivan and Malmos 1994). 
although amplexus has been reported in stock 
ponds before rains have occurred (Degenhardt 
et al. 1996). Several years may pass between 
breeding events depending on the presence of 
sufficient rainfall (Sullivan and Fernandez 
1999). The species sometimes congregates in 
large numbers for breeding. with nearly all 
reproduction of a local breeding population 
occurring in a single night (Degenhardt et al. 
1996). The time required for hatching and 
metamorphosis is unknow11 but may be less 

than a month (notes of Thoml>et, reported in 
Ruthven 1907 and Storer 192.5}. This species 
appears to be a dietary generalist, feeding on 
any live arthropod or small vertebrate prey that 
it can successfully capture (Stebbins 1951, Cole 
1962.). Poison secreted by the skin and paratoid 
glands is particularly toxic and has caused 
death and paralysis in dogs and is a potent hal­
lucinogen in humans (Musgrave 1930, Steb­
bins 1951, Stebbins 2003). 

Habitat Requirements 

The habitat requirements for Bufo aJvarius in 
California are unknown. In arid habitats of Ari­
zona and New Mexico, the species can be found 
in and around a variety of water sources used 
for breeding. including springs. stock ponds, 
washes, river bottoms, and irrigation ditches 
(Stebbins 1951, Stebbins 1972.), though it is 
occasionally found at great distances (>I mi) 
from water (Slevin 19:.,,8). Upland habitat sur­
rounding known aquatic breeding localities 
elsewhere in the range include mesquite-creo• 
sote desert lowland, arid grassland. rocky ripar­
ian zones. oak- sycamore-walnut assemblages 
in mountain canyons, and montane pine-oak­
juniper plant communities (Stebbins 2003, 

Fouquette et al. 2.005}. 

Distribution (Past cmd Present) 

There are no known extant populations in Cali­
fornia. Historically, the species ranged in Cali­
fornia along the Lower Colorado River and into 
the Imperial Valley (Grinnell and Camp 1917, 
Stebbins 1951, fennings and Hayes 1994a). 
likely ranging as far north as the southern tip of 
Nevada (Cooper 1869). It is not known if 
records in the lmperia! Valley are a natural part 
of the historic range or whether they represent 
recent range expansion following the develop­
ment of irrigation (Stebbins 1951). 

The last verified reco1d (LACM 87044) from 
California dates to 31 July 1955. 7 km north of 
Winterhaven. More recent surveys have failed 
to detect the species (King and Robbins 1991. 
Jennings and Hayes 1994b). Sporadic records 
continue to be reported on the Arizona side of 
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the Colorado River, however. Several individu­
als were found near the Cibola National Wild­
life Refuge in 1980 (Anderson and Ohmart 
1982; B. Anderson, pers. comm.). and a single 
individual was found at the refuge itself in 
r986 (J. Rorabaugh. pers. comm.). On I July 
2.004, a large individual was found "by the golf 
course on the Parker Strip," La Paz County, Ari· 
zona !J. Rorabaugh, pers. comm.). On 2.9 luly 
2.009. an amplexing pair was found along the 
Bill Williams River at Planet Ranch, Mohave 
County. Arizona, and the species is reportedly 
"fairly common" 24-32 km above the conflu­
ence of the Gila and Colorado Rivers. Yuma 
County, Arizona !J. Rorabaugh, pers. comm.). 
A single, unverified record of a calling Bufo 
alvarius was reported near Bard, California, in 
the spring of 2007 or 2008, though the time of 
year was unexpected and the observer was inex­
perienced with the species (I. Rorabaugh, pers. 
comm.). 

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

Trends in Abundanc;e 

Though the paucity of records from California 
makes assessing former abundance difficult. 
81,1.fo alvarius was apparently common at Yuma, 
Arizona, on the California border, along the 
Lower Colorado River, and in parts of the [mpe­
rial Valley (Slevin 1928, Klauber 1934). As no 
populations are currently known in tl1ese areas, 
declines leading to probable population extirpa­
tions or extremely low population sizes have 
clearly occurred. The species is also known to be 
declining in New Mexico (Degenhardt et al. 
1996). Throughout the rest of the range the spe­
cies appears to be stable and abundant at many 
localities (Fouquette et al. 2005. Lazaroff et al. 
2006), though some have suggested that 
declines are occurring throughout the range 
(B. Brattstrom, R. Ruibal, and C. Schwalbe, pers. 
comms .. reported in Jennings and Hayes 1994a). 
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Narure arid Degree of Threat 

The causes of declines, and therefore the 
threats to this species, are poorly understood. 
Declines occurred before any studies were car­
rie<l out in California, though it is likely that 
landscape modification and pesticide applica­
tions that occurred with the growth of agricul­
ture in the Imperial Valley contributed to 
declines (Ohmart et al. 1988, Jennings and 
Hayes 1994a). Bufonids are generally very sus­
ceptible to amphibian declines ( Stuart et al. 
2004). In California, toad declines have been 
linked to habitat loss and pesticide use (David• 
son et al. 2.002) and pathogenic fungi (Green 
and Kagarise Sherman 2001). 

Siatus Determincition 

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

Management Recommendations 

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



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

Monitoring, Research, and Suniey Needi 

A critical first step toward developing a compre­
hensive management plan for this species is to 
undertake comprehensive surveys of remaining 
potential habitat in southeastern California. 
These surveys should take place during the 
summer rains and should involve biologists who 
are familiar with Bufo alvarius' breeding behav­
ior. lf any remaining populations are found, a 
population-monitoring program should rapidly 
be established to determine both geographical 
extent and population size. As little is known 
about this species in California, this monitoring 
program should take place in conjunction with a 
study of the species· life history and habitat use, 
in California and/or adjacent Arizona. These 
surveys should specifically target the remaining 
moist areas of the southwest California deserts 
that are known to support other water-depend­
ant vertebrate species. such as the desert mule 
deer {Odo,;oileus bemionus crooki). Using exist­
ing survey data from other, and better known, 
species may help to guide toad survey efforts 

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

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

As any populations that remain in Califor­
nia are likely isolated, study of these popula­
tions is unlikely to yield information on the 
metapopulation dynamics that we presume are 
key in sustaining this species elsewhere. Rees­
tablishing these dynamics would form an 
important part of a comprehensive manage• 
ment program in California, and research 
focused on better understanding these dynam• 
ics will also need to take place outside of Cali• 
fornia, preferably in adjacent Arizona. 
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ARROYO TOAD 

Bufo cafiforrticus Camp 1915 

Status Summary 

Bufo caJifornicus is a Priority I Species of Special 
Concern, receiving a Total Score[Total Possible 
of 93% (co:2/110). During the previous evalua­
tion, it was also considered a Species of Special 
Concern (Jennings and Hayes 19943), and it has 
been listed as federally Endangered since 1995. 

ldetttification 

Bufo californicus is a small to medium-sized 
(4.6-8.6 cm SVL), light-gray to tannish-brown 
toad that often has some greenish or olive 
and dark-brown mottling on the back and 
sides {Camp 1915, Stebbins 2003). The under­
side is buff or dirty white and usually unmarked 
(Stebbins 2003). A light middorsal stripe 
is rarely present (len11i11gs and Hayes 1994a, 
Stebbins 2003). Weak cranial crests are often 
present and the paratoids are oval-shaped 
and widely separated (Stebbins 2003). The 
advertisement call of this species is a musical 
trill that lasts 3-10 s. The pitch of the caJl 
rises quickly and is held constant for the 
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remainder of the call, which ends abruptly 
(Stebbins 2003, Elliott et al. 2009). Like most 
toads, the tadpoles are small and black early in 
life. However, several weeks post-hatching they 
develop a cryptic tan coloration that closely 

Ar,oyo Toad: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (2S) 2S 

iii. Population concentration/ 10 
migration ( 10) 

iv. En.d.emism (10) 7 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 20 

vii. Vulnerability to climate change (10} 10 

viii. Projected impacts (10) 10 

Total Score 102 

T01al Possible 110 

Total Score/Total Possible 0.93 
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matches the substrate (Sweet 1992, Hancock 
:z.009). 

Metamorphosed individuals of this species 
may be confused with the western toad ( 8. 
boreas), which is the only sympatrically occur­
ring toad. 8ufo borcas has a prominent white or 
cream dorsal stripe and lacks cranial crests 
(Stebbins 2003). Young tadpoles that still 
relain the black coloration are difficult to distin• 
guish from B. boreas. but older tadpoles are 
readily distinguishable. 

Taxonomic Relationships 

Until recently, Bufo ccillfornicus was c.onsidered 
a subspecies of the Arizona toad (8. micro­
scaphus) (Price and Sullivan 1988), although 
reconunen,:b.tions to recognize it as a full spe­
cies date back to Myers (1930). Frost and Hillis 
(1990) recognized this spedes as distinctive 
based on the general observation that few allo­
patrica lly distributed polytypic species repre­
sent single genetically cohesive units, as is 
implied by retaining B. californirns as a subs:pe• 
cies under B. microscaph14s. Later analyses of 
allozyme data confirm that B. ci:difornicus is a 
distinct lineage. providing support for its recog­
nition as a full species (Gergus 1998). Addi­
tional analyses of advertisement calls indicated 
a substantial amount of variation within the 
species complex, although the results were 
equivocal with respect to species status {Ger­
gus et al. 1997). Lovich (2009a) analyzed data 
from two mitochondrial genes and found addi­
tional evidence that B. ca!ifornicus is a distinct 
species. This work also identified clades within 
B. californicus that roughly correspond to parts 
of the range north and south ofthe Los Angeles 
Basin, respectively. 

Frost et al. {2006a) recommended placing 
this species and many other North American 
bufonids in the genus Anaxyrus, although this 
proposal and the analyses that support it are 
controversial (Crother 2009, Frost et al. zoo9a, 
Pauly et al. 2009). We choose not to follow this 
recommendation at the present time. pending 
further analyses. and to maintain taxonomic 
stability. 

Life Histc>ry 

Biifo caUfornicus is primarily nocturnal and 
feeds predominantly on nocturnally active ant 
species (Cunningham r962, Sweet 1992, Sweet 
1993, Mahrdt et al. 2002). Adults typically 
emerge from retreats approximately 30-40 min 
after sunset. remaining active down to temper­
atures of around 13•c on dry nights and 1o•c on 
rainy nights, with nocturnal activity increased 
during wet periods (Cunningham 1962. Sweet 
1992, Sweet c993). 

Males begin calling at varying times of the 
year depending on local conditions and e-leva­
tion. although calling activity appears to initiate 
when water temperatures reach or exceed 
11-13"C (Myers 1930, Sweet c992). Choruses 
generally begin in late February in coastal popu­
lations and late March or April at higher eleva­
tion inland sites. and they may continue into July 
(Sweet 1992. Sweet 1993. Stebbins 200}. Han• 
cock 2009). Eggs are laid near the male's calling 
site on a substrate of mud. sand, or gravel. away 
from vegetation and other submerged debris 
(Sweet 1992). Hatching occurs after 4-6 days at 
typical water temperatures (12-16•q, although 
the larvae remain associated with the egg mass 
for an additional 5-6 days. Metamorphosis can 
occur in as few as 65 days, although typically 
72-80 days are required (Sweet 1992, Hancock 
2009). Larger males and females are more sed­
entary and tend lo breed in the same pools 
throughout the reproductive season and from 
year to year {Sweet 1993. Hancock 2009, Mitro­
vich et al. 20n). The seasonal activity period for 
adults extends roughly from the beginning of 
the breeding season to late fune or July. after 
which most toads become inactive (Cunning· 
ham 1962, Sweet 1993. Hancock 2009). Juve­
niles may remain active into October or later 
following rains {Sweet 1993). 

B«fo c11lifomic11s usually attain reproductive 
condition in their second (males) or third 
(females) year. The species is relatively short· 
lived, with few toads living beyond 5 years of 
age. In the absence of nonnatural disturbances, 
survivorship of adult toads is high during the 
active season, but decreases markedly during 



the inactive season. Sweet (r993) documented 
that toads experience -55% per year mortality 
mostly during the winter. though other esti· 
mates suggest even higher mortality (D. Hol• 
land and N. Sisk, unpublished data, reported in 
Sweet and Sullivan 2005). Eggs and young lar­
vae are apparently unpalatable to most preda­
tors, although garter snakes and nonnative 
fishes prey upon older tadpoles (Sweet 1992). 

Juvenile toads that have not yet adopted the nae• 
turnal activity pattern characteristic of adults 
also experience high predation pressure (Han• 
cock 2009). Adult toads experience intense pre• 
dation from introduced bullfrogs in areas where 
that species occurs (Miller et al. 2012., R. Fisher 
pers., comm.). In the absence of bullfrogs, adult 
toads experience much lower predation inten• 
sity (Sweet 1993. Hancock 2009). 

Habitat Requirements 

Along with its close relative Bufo micrc>scaphus, 
B. californicus may have the most specialized 
habitat requirements of any North American 
anuran (Stebbins 2.003). This species re<iuires 
shallow, slow-moving stream and riparian habi• 
tat. In some areas they may occupy first-order 
streams, although most populations inhabit 
second- to sixth-order streams that have exten­
sive braided channels and sediment deposits of 
sand, gravel, or pebbles that are occasionally 
reworked by flooding (Sweet and Sullivan 
2005). These toads will use either permanent 
or seasonal streams, although seasonal streams 
must flow for a minimum 4-5 months for suc­
cessful reproduction and recruitment (Sweet 
and Sullivan 2005). At inland sites, radiotelem­
etry studies indicate that this species rarely 
moves beyond the immediate upland margin of 
streams, although in coastal sites arroyo toads 
appear to occasionally use and disperse across 
hotter and drier upland sites {Sweet 1992,, 
Sweet 1993, Griffin and Case 2001, Hancock 
2009, Mitrovich et al. 2011). Mitrovich et al. 
{.2.on) found that radio-tracked toads actively 
selected channel and terrace stream habitats, 
and largely avoided surrounding scrub, grass­
land, and forest. On average, males we1e found 

in closer proximity to flowing sections of 
stream than females, possibly to maximize 
reproductive opportunity (Mitrovich et al. 
2011). Bufocalifornietts is known to occasionally 
use and breed in human-made habitats, such as 
artificial stream terraces and ponds (Price and 
Sullivan 1988, Mahrdt et al. 2002). II is 
unknown whether the species can persist in 
these habitats. 

Distribution (P,1st cmd Present) 

B1ifo californicu.s historically occurred in coastal 
drainages from the San Antonio River, 
Monterey County, California, southward 
through the Transverse and Peninsular Ranges 
to the vicinity of Arroyo San Simon in Baja 
California Norte. Mexico (Price and Sullivan 
1988, Cergus et al. 1997, Grismer 2002, Lovich 
2009a). Almost all populations occur along the 
coast or on the coastal slopes of the southern 
California mountains. Six localities were previ­
ously recognized from the desert slopes of Los 

Angeles, Riverside. San Bernardino. and San 
Diego Counties, California (Patten and Myers 
r992.. Jennings and Hayes c994a}. Desert slope 
populations are known to occur at Little Rock 
Creek, Los Angeles County, and the Mojave 
River, San Bernadino County. Populations at 
Whitewater River, Riverside County. Borrego 
Springs (listed as San Felipe Creek in Jennings 
and Hayes 1994a), Valledto Creek, and Pinto 
Canyon, San Diego County, are probably in 
error and are the result of misidentifications 
(Ervin et al. 2013). The known elevational range 
extends from near sea level to approximately 
1000 m (Stebbins 2003; S. Sweet, pers. 
comm.). 

The present distribution of B. californicus is 
considerably smaller than it once was. Jennings 
and Hayes (1994a) estimated that this species 
had disappeared from 76% of its former range 
in California, although more recent estimates 
place this loss at 65% {Sweet and Sullivan 2005). 

Trends in Abundance 

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

Nature and Degree of Threat 

A recent 5-year review of the status of Bufo cali• 
fornicus thoroughly discusses the ongoing 
threats to this taxon (USFWS 2009). We follow 
the findings of that document and recommend 
that readers consult it for additional detail. 

The greatest threat facing this taxon is loss 
and degradation of habitat that stems from 
modifications to hydrology from reservoir con• 
struction. roads. flood control. development. 
recreational activity, and mining ( USFWS 
2009). In addition, declines are occurring even 
in areas that are not subject to development and 
direct habitat degradation from human activi• 
ties ( Hancock 2009). These additional declines 
stem largely from introduced predators {prima• 
rily bullfrogs and green sunfish) and intro• 
duced plants, which degrade habitat and/or 
decrease survivorship of toads (Sweet 1992, 

Hancock 2,009. USFWS 2,009, Miller et. al. 
2012). Off.highway vehicle use has also caused 
both habitat degradation and direct mortality in 
this species (Ervin et al. 2006) 

Status Determination 

Major declines in both distribution and abun­
dance, coupled with several ongoing threats, 
combine to warrant a Priority I Species of Spe• 
cial Concern status for Bufo californicus. 

Management Recommendations 

Management efforts for Bufo californicus should 
mirror those outlined by the USFWS recovery 
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plan and 5-year review for this taxon (USFWS 
1999, USFWS 2009). The recent s•year review 
suggests that management efforts to date have 
been effective, and the outlook for this species 
has improved somewhat since it was initially 
listed {USFWS 2009}. The most important 
management strategy is to preserve existing 
stream habitat that supports this species and to 
restore additional habitat that can support seJt: 
sustaining populations. Restoration efforts 
should include dam removal to allow streams 
to meander and rebuild sand and gravel bars, 
and removal of exotic plants and vertebrate 
predators. 

Mo11itoring, R1:mm:f1, and Survey Needs 

Monitoring, research, and survey needs are cov• 
ered in depth in the USFWS recovery plan for 
this taxon and the recent 5-year review. We refer 
the reader 10 these documents for additional 
detail (USFWS r999, USFWS 2009). Monitor­
ing efforts should focus on recovering popula• 
tions, particularly those in newly restored habi• 
tat. It is particularly important to continue 
monitoring through drought and El Nino cycles 
given that this is a short-lived species and 
several years of consistent drought could be 
extremely damaging to recovering populations. 

In addition, research aimed at characteriz• 
ing variation in this species' life history in dif. 
ferent parts of its range should be u11dertaken, 
as these differences might have an impact on 
future management efforts. For example, the 
two desert slope populations may differ sub• 
stantially in several aspects of life history rela­
tive to the coastal slope populations. Additional 
research into the prevalence and potential 
impacts of Bd fungus on this species is also 
particularly important. Finally, molecular anal­
yses of population size and connectivity might 
be particularly valuable in this tax:on. 



YOSEMITE TOAD 

B1Jjo canorus Camp 1916a 

Stotus Summary 

81,fo ca.nor us is a Priority I Species of Special 
Concern, receiving a Total Score/Total Possible 
of 84 % (92/uo). During the previous evalua­
tion. it was also considered a Species of Special 
Concern {Jennings and Hayes 1994a). This 
species is also listed as Threatened under the 
US Endangered Species Act. 

fdentificatio11 

B1ifc ca11orus is a moderately sized (1.0-7 cm 
SVL) sexually dichromatic toad (Camp 1916a. 
Grinnell and Storer r924. Kagarise Sherman 
c980. Stebbins 2003). Females and juveniles 
have tan or brow11 dorsal coloration with exten­
sive dark blotches over the dorsal surface and legs 
that are edged with white or cream. Males are 
pale green-yellow or olive green above without, or 
with only minimal, dark blotching or flecking 
(Camp 1916a, Stebbins 2003), A pale, very thin 
middorsal line is often present in juveniles and 
young females, but is usually lost in males and 
older females (Camp 1916a). The paratoid glands 

are large. flat, and circular. and are separated by 
a space less than or equal to their diameter 
(Camp 19r6a). The advertisement call of this spe• 
cies is a musical trill lasting 3-9 s (Elliott et al. 
2009). The specific epithet Mca,1oms" (Latin for 

Yoserniie Toad: Risk Faciors 

Ranking Criteria (Maximum Score) Score 

i. Range size (101 10 

ii. Distribution trend (2S} 15 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 10 

vi. Population trend (25} 20 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10} 7 

Total Score 92 

Total Possible 110 

Total Score/Total Possible 0.84 
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"tuneful") refers to the melodic quality of the call 
(Camp 1916a, Karlstrom 1962). 

This species may be confused with high· 
elevation populations of the western toad {B. 

bore as). Bufo boreas often has a conspicuous 
light middorsal stripe and smaller, more widely 
spaced paratoid glands that are separated by a 
space approximately twice their diameter (Steb­
hins 2003). B~fo bortas also has more extensive 
webbing on the hind feet than B. canorus 

(Camp 1917). Populations of B. boreas that 
occur in the Sierra Nevada do not produce 
advertisement calls: thus. toad breeding cho­
rnses are diagnostic for B. canorus (Mullally 
r956). Juveniles of the two species (<20-30 

mm) are very similar to one another. and iden• 
tifications of this size class should be made 
with caution (Karlstrom 1962). 

Taxonomic Relationships 

Bufo canorns was initially described on the 
basis of coloration and morphology (Camp 
1916a). Its status as a distinct species has gone 
largely unquestioned since this time. Subse• 
quent genetic analyses based on mitochondrial 
data suggest that this taxon is a close relative of 
B. boreas (Shaffer et al. :1.000, Pauly et al. 
2004). In addition. mitochondrial DNA data 
suggest that B. canorus may be paraphyletic 
with respect to the black toad, B. exsul, and 
some lineages of B. boreas (Graybeal 1993. 
Shaffer et al. 2000, Goebel et al. 2009). These 
relationships have not been cormborated with 
nuclear sequence data. and thus it is unclear 
whether cryptic diversity exists within the 
taxon or if this is a case of mitochondrial intro• 
gression. Unpublished genetic data suggest 
that mitochondrial introgression associated 
with past or ongoing hybridization may explain 
these results (G. Pauly. unpublished data). 
Some morphological variation has been 
observed in size and degree of rnelanism in 
eggs and larvae of this taxon (Karlstrom and 
Livezey 1955, Karlstrom 1962). Whether this is 
plasticity in response to elevation and/or the 
local environment or genetic differentiation 
has not been investigated further. Mitochon-

drial data also indicate that some intraspecific 
variation and isolation by distance may exist 
within the taxon (Shaffer et al. 2000. Pauly et 
al. 2004, Goebel et al. 2009). although sample 
sizes in these studies were small. Wang (2012) 

collected data from 10 microsatellites for toads 
from 24 populations in Yosemite National Park 
and found significant variation in the amount 
of genetic distance between populations. This 
analysis concluded that environmental factors 
such as slope and precipitation were associated 
with genetic structure. 

Frost et al. (2006a) recommended placing 
this species and many other North American 
bufonids in the genus Anaxyrns, although this 
proposal and the analyses that support it are 
controversial (Crother 2.009, Frost et al. 2009a, 
Pauly et a I. 2009). 

Life History 

Bufo canortt$ is primarily a diurnal toad that 
occasionally exhibits crepuscular or nocturnal 
activity on warm days (Mullally c956, Martin 
2008). Males emerge from hibernation as soon 
as snowmelt pools form along the margins of 
preferred high•elevation meadow habitat and 
quickly form breeding choruses (Karlstrom 
1962). As in many high-elevation amphibians. 
the timing of emergence is correlated with eleva• 
tion, and generally occurs in May and June 
(Karlstrom 1962, Kagarise Sherman 1980). 
Males are territorial and often maintain interin• 
dividual spacing of 7-14 m (Karlstrom 1962, 
Kagarise Sherman 1980). Fighting occurs 
between males that encroach on one another's 
territory (Kagarise Sherman and Morton 1984). 
Breeding activity and egg-laying commence 
soon after males begin calling. with females 
depositing eggs along shallow edges of pools 
and streams in meadows (Karlstrom 1962.. 
Kagarise Sherman 1980). Hatching occurs in as 
few as 3-4 days at relatively high water tempera­
tures (20-2.fC) or up to 10-14 days at lower 
temperatures (16-17°C} (Karlstrom 1962,, 
Kagarise Sherman 1980). Metamorphosis 
occurs approximately 40-60 days after oviposi• 
tion, again depending on temperature and 
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elevation {Karlstrom 1962., Kagarise Sherm.an 
1980, Kagarise Sherman and Morton 1984). 
The seasonal activity period extends into late 
September and early October, afler which toads 
hibernate in rodent burrows, crevices under 
rocks, and root tangles ( Kagarise Sherman 
1980). Adult toads do not begin to breed until 
they are 3-6 years old, after which females may 
only breed every few years (Kagarise Sherman 
1980. Kagarise Sherman and Morton 1984). 

Adults grow slowly, averaging only :2.5 mm per 
year at Tioga Pass, Tuolumne County, California 
(Kagarise Sherman and Morton 1984). The 
post-metamorphic diet consists of a variety of 
small arth1opods including ants. bees. flies. 
wasps, beetles, millipedes, and spiders (Grinnell 
and Storer r9:24, Mullally 1953. Kagarise Sher­
man and Morton 1984). The slow growth rate 
and lack of breeding every year is likely attribut­
able to low metabolic rates associated with low 
caloric intake and relatively cold temperatures 
(Kagarise Sherman and Morton 1984). In the 
wild, adults appear to be able to tolerate a rela­
tively wide range of temperatures (from 2.°-3o•q 
(Karlstrom 1962). although they prefer tempera• 
tures higher in this range {Cunningham 1963}. 
The estimated critical thermal maximum is 
37-4o•c for adults and 36-38•c for larvae (Karl­
strom r962.). 

B1ifc canorus is known to occur sympatrically 
with D. boreas in two areas (see the "Distribu­
tion" section) and may occasionally hybridize. 
At the Frog Lakes locality. individuals that are 
morphologically intermediate in paratoid gland 
width and the extent of webbing on the hind feet 
occur and may represent natural hybrids (Mor­
ton and Sokolski 1978). No putative hybrids 
have been described from the Blue Lakes local­
ity (Karlstrom 1962), although some authors 
suggest that hybridization may also occur there 
(Stebbins 2.003). Artificial crosses in the labora­
tory readily produce hybrids (Karlstrom 1962.). 

Habitat ReqtJirements 

Bufo c,:morus prefers relatively open high-eleva­
tion meadows vegetated with grasses, sedges, 
rushes, and/or willow stands (Karlstrom c962.). 
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This species can be found in the margins of 
water bodies that form from snowmelt runoff, 
as well as in moist meadows. During the early 
part of the active season. individuals are often 
loca I ized along meadow margins within approx­
imately 30 m of the forest edge. This behavior 
may allow them to easily retreat to forest cover 
at night to avoid freezing temperatures (Karl­
strom 196z). As the active season progresses 
and nights become warmer, the toads tend to 
move toward the center of meadows and become 
less restricted to the margins (Karlstrom 1962). 
This species prefers shallow (probably <7.5 cm) 
snowmelt pools on the margins of meadows or 
very slow moving runoff streams in which to 
breed, although they have also been found in 
deeper (>} m) permanent pools (G. Fellers. 
pers. comm.). These need to be deep enough to 
avoid premature desiccation-a significant 
cause of mortality for larvae- but shallow 
enough to achieve the temperatures needed for 
rapid development (KarlstIOm c962.). This spe­
cies may prefer to oviposit in dark-bottomed 
pools. particularly at high elevations. as these 
may provide warmer water temperatures and 
more rapid larval development (Karlstrom 
c96z). The presence of pocket gopher, mouse, 
and vole burrows may provide additional benefi­
cial cover and protection from predation (Grin• 
nell and Storer 19:i.4, Karlstrom 1962). 

Distribution (Past and Present} 

BufocaMrl's is restricted to a relatively small area 
approximately 240 km (north-south) by 60 km 
(east-west) in higher elevation areas oft he Sierra 
Nevada (Kal'lstrom 1962, Kagarise Sherman and 
Morton 1993). It ranges from the vicinity of Blue 
Lakes, Alpine County, California, south past Kai­
ser Pass to the Evolution Lakes area, Fresno 
County, California (Grinnell and Storer 1924, 
Livezey 1955. Karlstrom 1962. Jennings and 
Hayes 1994a. Stebbins 2.003. Davidson and Fel­
lers 2005). The known elevational range extends 
from 1950 to 3599 m, with most localities 
between .2590 and 304S m (Karlsttom 1962.}. 

Between 19c5 and 1992., this species exhib­
ited declines throughout some areas of its 



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

Trends in Abundance 

In areas where Bufo canorus persists. marked 
declines in abundance have also been docu• 
mented. In the Drost and Fellers (1996) resur· 
veys, B. canorus was present in lower densities 
than in 1915 at three sites where it was still 
present. Between 1976 and t982, the number 
of male toads entering breeding pools at Tioga 
Pass meadow declined from a maximum of342 
individuals to a low of 28, a ninefold decrease 
from the 1974-1978 mean (Kagarise Sherman 
and Morton 1993). However, the number of 
females entering breeding pools showed no 
obvious changes during this time period 
(Kagarise Sherman and Morton 1993). The 
average m1mber of toads encountered in daily 
surveys also declined in the vicinity of Tioga 
Pass meadow between the early 1970s and 
1990. In addition, these surveys documented 
declines in female loads, although they were 
not as severe as those documented in males 
(Kagarise Sherman and Morton 1993). Similar 
declines in abundance have also been docu­
mented at si,c additional localities in this region 
(Kagarise Sherman and Morton 1993). 

Nature and Degree of Threat 

The causes of decline in Bttfo canoms require 
additional study. The declines have occurred in 
seemingly undisturbed areas and do not appear 
to be localized, suggesting that they are being 
driven by general changes to the environment, 
rather than localized causes such as habitat 
destruction. Several possible causes have been 
advanced, and more than one factor may be 
playing a role. These causes include environ­
mental contamination, disease, drought and/or 
climate change, habitat modification due to 

grazing or other activities. human disturbance 
ofbree<ling choruses, increased pre<lation pres­
sure from birds and fish, and pesticides. Based 
on current data it is not possible to understand 
in detail which, if any, of these factors are most 
important in B. canoms declines. 

Snowmelt pools have extremely low acid 
neutralizing capacity, leading to the hypothesis 
that acidification of aquatic breeding habitat 
due to atmospheric deposition may be contrib­
uting to declines. Bradford et al. (1992) exam­
ined the effect of increasing acidification and 
the associated increase in dissolved aluminum 
on embryos and hatchlings of 8. ~anorus. 
Embryos and hatchlings exposed to decreasing 
pH (and increasing aluminum solute) showed 
no increase in mortality at levels found in 
nature. However, these factors did cause earlier 
hatching and smaller body size at metamor­
phosis. Bradford et al. (1994) attempted to cor­
relate the distribution of declining Sierran 
amphibians with these environmental factors 
and found no relationship, concluding that acid 
deposition was an unlikely source of amphibian 
declines in the Sierra Nevada. 

Disease has also been considered as a factor 
in declines, though there is little evidence to 
date. Green and Kagarise Sherman (2001) 
examined the cause of death in 12 adult B. 
ccmorus that were found during a die-off that 
immediately preceded the population declines 
documented at Tioga Pass meadow by Kagarise 
Sherman and Morton (1993). They found that a 
variety of diseases and parasites were present in 
the population, and chytridiomycosis and septi• 
cemia, alone or in combination, caused the 
death of at least four individuals. However, no 
single infectious disease was present in more 
than 2.5% of the samples, which is far below the 
proportion typically observed in other die-offs 
caused by these diseases (Worthyla.ke and Hov­
ingh 1989, Berger et al. 1998, Vredenburg el al. 
2010). 

California experienced a relatively severe 
drought between 1987 and r992, a time when 
B. ca,ioru.s population declines were occurring 
(Roos 1992, Drost and Fellers 1996). Although 
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it may have played an exacerbating role, drought 
alone seems unlikely to be responsible for 
declines. California experiences drought with 
some regularity. including during the time 
period of the Grinnell and Storer (1924) survey. 
which occurred before any major declines in 8. 

c1morus were observed {Drost and Fellers 1996). 
Drought does affect year-to-year reproductive 
success for this species, and prolonged drought 
may have a cumulative effect on populations 
(Kagarise Sherman and Morton 1993). Because 
climate change is expected to impact the 
amount of snow present in the Sierra Nevada 
and the speed and timing of snowmelt (Cayan 
et al. 2008b), drought might play an increasing 
role in dedines of this species in the future. 

Habitat modification is a leading cause of 
decline in many species throughout California 
and has been suggested as a factor for B. canorus. 
However, B. caMms is found largely within the 
boundaries of Yosemite National Park and other 
public (mostly National Forest) lands that have 
experienced varying impacts over the last 100 

years. Drost and Fellers (1996) compared pho­
tos of habitat from the Grinnell and Storer 
(1924) surveys with current habitat and saw no 
apparent differences. Over the course of their 
2.0-year study, Kagarise Sherman and Mo1ton 
(r993) were also unable to detect significant 
habitat changes. That said, local impacts from 
changing habitat remain a potential driver of 
declines. All-terrain vehicle and snowmobile 
use in some localized areas may degrade habitat 
quality (D. Emery, pers. comm.). Some workers 
have postulated that livestock grazing in alpine 
meadows of Nation.al Forest land causes changes 
to hydrology, which may affect the suitability of 
breeding habitat and increase sedimentation in 
pools. Two recent, relatively sltort-term studies 
{5 years) have addressed this hypothesis: one 
that used experimental fencing treatments to 
exclude livestock from B. canoru.s breeding 
meadows and a second that included occupancy 
surveys across gradients of meadow moisture 
and livestock use levels (K. Tate and A. Lind, 
pers. comm.). Both of these studies dernon­
:<;trated that meadow wetness was more inA.uen• 
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tial in determining the current distribution and 
abundance of B. canorus than the level of live­
stock use. Sean Barry (pers. comm.) docu­
mented that toads seem to persist and even con­
centrate in areas that had been disturbed by 
cattle in the Kaiser Meadow population. It is 
also possible that the pTesence of cattle feces 
increases insect food supply for adult toads, 
although this remains untested. Martin (2008) 
suggests that the practice of fencing individual 
breeding pools to prevent grazing might actu­
ally lead to stronger habitat disturbance from 
cattle grazing in the terrestrial foraging habi­
tats, potentially increasing the overall impact 
from grazing. These local-scale influences of 
livestock grazing along with more detailed and 
longer-term investigations of livestock use in 
the context of B. canoms metapopulation 
dynamics require further study. 

Some researchers have suggested that 
increasing predation pressure could be causing 
declines. A variety of avian predato1s are known 
to feed on adult and larval toads, and increa~ing 
densities of common raven (Conms corax) have 
been postulated as a possible cause of dedine 
(Kagarise Sherman and Morton 1993). Ravens 
are known to prey upon other toad species in 
the B. boreas complex and likely also take B. 

canori'-S. Evidence suggests that declines in 
other amphibian species have occurred in areas 
where fish have been introduced (Drost and 
Fellers 1996). However, fish alone are unlikely 
to explain the declines in B. canorus. Most B. 
canoms reproduction takes place in epheme1al 
water bodies that do not contain fish ( Drost and 
Fellers 1996). Knapp (200>) found no evidence 
for an effect of introduced trout on 8. canorus 
presence and absence. Further, Grasso (2005} 

and Grasso et al. {2010) examined the palatabil­
ity of e<1rly life stages of B. canorns to introduced 
brook trout and found that all life stages were 
highly unpalatable. suggesting that introduced 
trout may have little direct impact on 
populations. 

Some authors have noted that breeding cho­
ruses of B. canorus <1re sensitive to human dis• 
turbance. Grinnell and Storer {1924} docu• 



mented that choruses would abruptly stop 
calling when humans entered a meadow. They 
specifically noted that B. cancrus- seemed to be 
more sensitive to this disturbance than the 
sympatric Pacific treefrog (J>seudacris regilla). 
Karlstrom (1962) as well as several biologists 
presently working on this species disagree that 
this species' calling behavior is impacted more 
strongly by human disturbance than other toad 
species. Karlstrom (1962) did notice wariness at 
night and that cars moving through the area 
even at o.8 km distance would cause choruses 
to cease calling and that "the almost continual 
daytime traffic in !Yosemite National Parkl 
might help to explain the paucity of roadside 
populations" of B. canorus. It has also been sug­
gested that the relatively frequent handling and 
study experienced by some populations could 
induce stress and immunosuppression, which 
may also be playing a role in declines (Green 
and Kagarise Sherman 2,001). To our knowl­
edge, this possibility has not been investigated. 

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

When this evidence is taken together, it is 
clear that the causes of decline for B. ca11orus 

are still poorly understood. It is possible that 
several factors act in combination, perhaps 
interacting with variation in life history or 
metapopulation dynamics. Individual popula­
tions may be susceptible to localized extirpa­
tion due to small population sizes and the spe• 
des' slow maturation rate. Increasing frequency 
of localized extirpations could cause a break­
down of broader-scale metapopulation dynam• 
ics, leading to additional declines as recoloniza­
tion ceases to counteract local population 
extirpations. Landscape genetic data suggest 
that migration rates between local populations 
are already low in several areas and this situa• 
tion would likely be exacerbated by additional 

localized population declines and extirpations 
(Wang 2012). These inferences are still specu­
lative, however, and further research is needed 
on many aspects of B. ca,wru$ population biol­
ogy to better understand ongoing declines. 

Status Determination 

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

Management Recommendations 

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

Monitoring, Research, and Survey Needs 

Ongoing monitoring and study of this species 
is required with a particular aim of identifying 
the major factors leading to decline. It is possi• 
hie that some populations are relatively stable, 
and comparisons with declining sites could lead 
to important insights into reasons for declines 
and potential management solutions. Experi­
mental work, going beyond the primarily cor­
relational studies that have been carried out 
thus far. could also be helpful in identifying the 
most important factors. In particular, experi· 
mental studies of human disturbance, suscepti• 
bility to disease, and the potentia I role of 
reduced snowpack on hibernation and breeding 
biology would all be useful. Populations should 
also be monitored for disease outbreaks. 

Further genetic work also needs to be com­
pleted to characterize genetic diversity within 
the species. Several studies have already been 
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carried out, although they rely primarily on 
mitochondrial data alotte, which is unable to 
distinguish true population substructure (or 
multiple lineages) from introgression from 
nearby B. boreas populations. Wang (2012) adds 
important information from the nuclear 
genome, but focuses on Yosemite National Park 
rather than the species' range a~ a whole. 
Future studies should utilize multiple unlinked 
nuclear markers to clarify the diversity present 
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in the species, gene flow among meadows, and 
effective population sizes. 

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



NORTHERN RED-LEGGED FROG 

Rana aurora Baird and Girard 1852 

Sk>tus Summary 

Rana aurora is a Priority 2 Species of Special 
Concern, receiving a score of 55% (61/no). 
Previously this species was included as 
a Species of Special Concern by Jennings and 
Hayes (1994a}. 

lde:ntificrllion 

R,uui a1mm1 is a medium-sized (70-100 mm 

SVL) brown, red, gray, or tan frog with dorsola­
teral folds (Dumas 1966. Nussbaum et al. 
1983). The dorsum varies from having indis­
tinct, irregular black spots 2-3 mm in diameter 
with many tiny flecks to an allover network pat­
tern of black lines (Dunlap 1955. Dumas 1966, 
Nussbaum et al. 1983). The dorsum can also be 
largely unmarked. though this is less common. 
A light lip line from eye to shoulder is usually 
present. often with a dark mask above (Nuss­
baum et al. 1983). Ventrally. the chest and abdo­

men are often marbled gray, with the groin area 
heavily and darkly mottled (Dunlap 1955). Red 
coloration on the venter and underneath the 

hind legs is typical but varies in intensity and 
extent (Dunlap 1955). Yellow coloration is com­
mon in the groin, as well as red and sometimes 
green coloration {Dunlap r955}. Larvae are dark 
brown from above, with scattered small dumps 

Nortlurn Red-Legged frog: Risk factors 

Metric (Maximum Score) 

i. Range size (10) 10 

ii. Distribution trend (25) 10 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 7 

vi. Population trend (2S) 10 

vii. Vulnerability to climate change (10) 7 

viii. Proje;:ted impacts (10) 7 

Total Score 61 

Total Possible 110 

Total Score/Total Possible O.S5 

NORTH£Rlf REl>•LeGGEO PRO(; jj 



• Museum Record 

• CNOOB, 810S, or Contributor 

120'0'0"W 

NORTHERN RED·LEGGEO FROG 
Rana aurora 

- Range 

0 USDA Ecoregion 
2,600,000 

PHOTO ON PREVIOUS PAGE: Northern red-legged frog, Humboldt County. California. Courtesy of William 
Jll3xington. 



of metallic He<:ks and are 50-75 mm in TL 
(Nussbaum et al. 1983). In southern Mendoc­
ino County, this species could be confused with 
R. draytonii ( Shaffer et al. 2004). Rana dra}•to• 
nii is a larger frog (up to 138 mm SVL; Stebbins 
2003), and typically its dark dorsal markings 
have light centers (Stebbins 2003). 

Taxonomic Relationships 

Although initially described a.s a distinct species 
(Baird and Girard r8p.), for much of the twenti· 
eth century northern red-legged frogs were 
regarded as the subspecies Ra11a aurora aurora 

(Camp 1917). Studies over the last few decades 
have supported the current taxonomic arrange• 
ment, with R. aurora and R. drayro11ii both rec­
ognized as distinct species. While they look 
superficially similar, these two species differ in 
morphology {vocal sacs, body size) and breeding 
behavior, and are genetically distinct (Hayes 
and Miyamoto 1984, Green 1985, Green 1986a, 
Green 1986b. Hayes and Kremples 1986, Shaf. 
fer et al. 2.004}. A narrow contact zone occurs 
between R. aurora and R. drayionii in southern 
Mendocino County (Shaffer et al. 2.004). 

!.ife History 

Limited information is available on Rana aurora 

life history, \~ith most studies occurring outside 
of its California range. Adults migrate to wet­
lands to breed for a few weeks between Decem• 
ber and April when temperatures range from 
4•c to 18•c (Storm and Pimentel 1954. Storm 
1960. Dumas r966, Licht 1969, Calef 1973). 
Males call beneath the water (Licht 1969. Brown 
1975b). During one breeding season itt Hum­
boldt Bay National Wildlife Refuge, two breed­
ing event~ more than a month apart produced 
over half of the egg masses {J. Betasso et al .. 
unpublished data). Egg masses are 15-2.5 cm in 
diameter and contain approximately 500-600 

eggs on average (Calef 1971. Licht 1974, Brown 
1975b). Eggs are attached to emergent and fl.oat• 
ing vegetation, branches, or logs up to 150 cm 
below the water surface (Brown 1975b, Storm 
r960, Calef 1973, Cary 2010). Surveys in Hum­
boldt Bay National Wildlife Refuge found that 

most egg masses occurred between 30 and 
60 cm elevation in the stream channel, at an 
average height of 37 cm above the bottom and 
8 cm below the water surface (J. Betasso et al., 
unpublished data}. In southwestern British 
C.::iluml>ia, eggs were found at least a meter away 
from the pond edge or river bank (Licht 1969). 
Water temperatures near developing eggs in a 
Washington pond were6.2°Con average (Brown 
1975b), and embryos tolerate temperatures from 
4"C to 2.1•c (Licht 1971). Dumas (1966) reared 
embl'yos at n•c. 15•c, and 2o•c, and obsel'ved 
the greatest embryo mortality at 2o•c. 

Embryonic development (from laying to 
hatching) takes 34-49 days (Storm 1960, Licht 
1971, Brown 1975b). In Humboldt Bay Wildlife 
Refuge, most egg masses (103/232) persisted for 
4 weeks before completely hatching out 
(J. Betasso et al., unpublished data). Larvae hatch 
at 8-12 mm long (Storer 192.5, Storm 1960, 

Brown 19751>) and grow to up to 80 mm TL 
(Brown 1975b}. Metamorphosis occurs after 3-7 
months (Brown r975b. Storer 1925) and meta• 
morphs are 18-29 mm (Brown r975b, Storm 
1960. Calef 1973). Larger metamorphs are more 
likely to survive and to emigrate farther (Chel­
gren et al. 2006). In a Washington population, 
eggs were laid in February and March. the first 
larvae hatched in April, and metamorphosis was 
completed in late July (Brown 19751>). 

Rana aurom juveniles disperse from breed­
ing sites within days or weeks after transforma• 
tion (Licht 1974, Licht 1986a). While daily 
movements of adults may be on average only a 
few meters per day, movements of several hun­
dred meters to 4.8 kilometers have been docu­
mented over longer periods (Haggud. 2000, 

Hayes et al. 2oot, Chan-Mcleod and Wheeldon 
2004. Hayes et al. 2007). 

Larvae are algal grazers (Dickman 1968}. 
Metamorphs and adults are generalist predators 
of insects, spiders. and mollusks (Licht 1986b). 

Habitat Requirements 

R,ma aurora occurs in mesic forests and ripar­
ian areas, which in its northe1n California 
range are primarily steep coniferous forests, 
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coastal terraces, and floodplains (Nussbaum 
et al. 1983. Stebbins 2.003). Rana aiirora is 
relatively terrestrial for a ranld frog. Adults can 
occur hundreds of meters from water, and are 
often found in dense vegetated or downed log 
cover (Dunlap 1955, Dumas 1966}. Adult frogs 
radio-tracked from March to July in Humboldt 
County were detected on land 90% of the time 
and usually within 5 m of water, though ani­
mals were found up to &o m away from water 
jHaggard 2000). In habitat choice experi­
ments. juvenile frogs spent most of their time 
out of the water (Pearl et al. 2004). 

Both permanent and temporary breeding 
habitats are used, such as ponds, freshwater 
lagoons, lakes, and slow-moving streams (Lkht 
1969, Cary 2010, Sun 2012). Artificial habitats 
such as drainage ditches are also used (T. Fuller, 
J. Garwood, and M. van Hattem, pers. comm.). 
Coastal streams may be important dispersal 
corridors to inland populations. For example, R. 
aurom have been found outside of the breeding 
season in coastal streams in Humboldt and Del 
Norte Counties, and egg masses have been 
found in backwaters and alcoves of the Smith 
River where surrounding areas have been diked, 
drained. and converted (J. Garwood, pers. 
comm.}. Both aquatic and tercestrial vegetation 
a re important determinants of breeding habitat 
quality. In Humboldt C.:mnty, egg mass pres­
ence was positively correlated with low canopy 
cover (ponds with less than -40% canopy cover 
are more likely to have egg masses present: Cary 
2010). Egg mass density was higher in smaller 
ponds { 2000 m1) and in ponds where the per­
c.entage of floating and emergent vegetation 
cover was at least-40% (Cary 2010). Surveys in 
Oregon also found support for the importance 
of emergent vegetation, as wetlands used for 
breeding had 27% open water on average com­
pared to 50% open water in unused wetlands 
(Pearl et al. 2005a). Occupancy models fit to 5 
years of survey data in Oregon predicted that 
local extinction prohability decreased as the per­
centage of trees along the shoreline increased 
and surface area of emergent vegetation 
increased (Adams et al. 20n). 
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Distribution (Past and Present) 

Rana a11rora occurs from Mendocino County, 
California, north along the west side of the 
Cascade Crest up through Vancouver Island 
and the adjacent mainland coast of British 
Columbia (Stebbins 2003). Populations also 
occur on Craham Island, British Columbia 
(Ovaska et al. 2002), and on Chichagoflsland, 
Alaska (Hodge 2004}. The elevational range 
extends from near sea level to 1160 m in Lane 
County, Oregon (Dunlap 1955), with popula­
tions in California occurrittg up to approxi­
mately 300 m (Jennings and Hayes c994a). 
Two localities included on our map possibly 
extend the eastern edge and elevation range in 
California, and are in need of further investi• 
gation. A specimen colle<:ted by Camp in 1913 
from eastern Mendocino County is in the UC 
Berkeley coilection (MVZ 5068), photographs 
of which were reviewed by several e,cperts. It is 
possible that the specimett is a misidentified 
R. draytonii, or it may be that R. aurora was his• 
torically more widespread. Despite the pres­
ence of potentially suitable habitat. cotttempo­
rary CDFW biologists working in this region 
have not observed any R. aurora east of High­
way 101 or in Mendocino National Forest 
(T. Fuller, pers. comm.}. At another site, two 
individuals were found recently in eastern 
Humboldt County at around 800 m elevation 
(M. van Hattem, pers. oomm.). 

In California, surveys have found R. aurora 
to be mostly absent from the river bottom lands 
of the Eel. Mad, and Smith Rivers. These areas 
have undergone extensive habitat conversion to 
beeC dairy, and bulb farming, though popula­
tions may persist on inaccessible private lands 
{M. van Hattem, unpublished data). Surveys in 
Oregon's Willamette valley found R. aurora at 
50% of sites, with highest occupancy probabil­
ity observed in seasonal sites without fish 
(Rowe and Garcia 2013). 

Trends in Abundance 

Population declines have been su!!pected for 
Rana aurora, particularly in Oregon's Willamette 
Valley (e.g., Nussbaum et al. 1983; Hayes and 



Jennings 1986). However, systematic surveys are 
lacking. Data on R. aurora abundance in Califor• 
nia are limited, particularly with regard to docu• 
menting trends over time. Mean density of egg 
masses in breeding ponds in Humboldt County 
during one breeding season was o.z/m', with 
densities up to 0.7/m' observed (Cary :2010). In 
Del Norte Co~mty, 382 egg masses were found in 
a 40 x40 m area ofa pond neartheconfluenceof 
East Fork Mill Creek and West Branch Mill Creek 
IJ. Garwood, unpublished data). Surveys in Cali­
fornia have found more eo~ masses in areas 
where natural vegetation buffers the breeding 
habitat compared to developed areas ( M. van Hat­
tem, unpublished data). 

Nature and Degree of Threat 

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

Due to issues such as low capture rates, it is 
unclear whether R. aurora abundance varies 
consistently with stand age in harvested forests 
(reviewed in Pearl 2005). For example, terres­
trial {Welsh et al. 2.007) and aquatic (Ashton et 
al. 2006) amphibian surveys in northwestern 
California forests have documented only a 
handful of R. aurora. Jn Washington. breeding 
sites with high primary forest cover within 
2 km had higher egg mass counts, as did breed­
ing sites greater than 0.2.5 km away from roads 
(Holcomb 2.012). On Vancouver Island, radio• 
tracked frogs tended to move toward old-growth 
stands and away from clear-cuts <12 years old. 
suggesting that recolonization ofimpacted sites 
may require several years (Chan-McLeod 
2003). In an Oregon study, the highest capture 
rates of R. aurora were in mature, mixed large 
sawtimber forest (Martin and McComb 2.003). 

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

County has been converted to lily bulb produc­
tion (J. Garwood, pers. comm.). In addition to 
habitat loss, such agric:ultural conversion can 
further degrade habitat through use of chemi· 
cals such as pesticides, herbicides, and fungi­
cides. Similarly. the emerging issue of largely 
unregulated marijuana cultivation can degrade 
watersheds through grading and roadbuilding 
(which both destroy habitat and create runoff 
into aquatic habitats). application of pesticides 
and he1bicides, and th1ough dewatering of 
springs, streams, and wetlands use-0 for irriga­
tion (e.g., Thompson et al. 2.014). Residential 
and commercial development is likely to increase 
in northern California, potentially leading to 
losses of breeding habitat or loss of access to 
remaining habitat. For example, the Humboldt 
County General Plan is currently being updated, 
wilh some proposals considering a doubling or 
tripling of rural development. However, R. 
aurora does use artificial habitat for breeding, 
and amount of urban cover was not a strong pre• 
dictor of frog occurrence in surveys in Oregon 
(Rowe and Garcia 2013), .suggesting some to1er• 
ance for certain kinds of habitat modification. 

Introduced predatory fish and bullfrogs are 
widespread throughout R. aurora habitat in 
California, including sites near the coast 
(T. Fuller, J. Garwood, and M. van Hattem, 
pers. comm.). Negative impacts have been doc• 
umented in mesocosm experiments. but field 
observations have yielded both negative a11d 
neutral effects offish and bullfrogs on R. aurora 

distribution and abundance. Field-enclosure 
experiments in Oregon have shown reduced 
survivorship. shifts in microhabitat use. slower 
development. and smaller size at metamorpho­
sis of R. aurora in the presence of fish and bull­
frogs (Kiesecker and Blaustein 1998). Surveys 
in Oregon and Washington have found evi­
dence for negative associations between R. 
aurora presence or abundance and the presence 
of nonnative fish but weak or no evidence for an 
effect of bullfrogs (Adams r999. Pearl et al. 
2.005a, Rowe and Garcia 2013). Other studies 
in Oregon and Washington have not detected 
any effects of fish or bullfrogs on R. tmrora 
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presence (Richter and Azous 1995, Adams et al. 
1998, Adams et al. :z.ou). Little data are availa­
ble from California. freshwater Lagoon and Big 
Lagoon in Humboldt County both have a long 
history of fish stocking, and surveys of suitable 
habitat during the 2010 and :i.011 b,eeding sea• 
sons never found more than I egg mass in 
either lagoon (M. van Hattem, unpublished 
data). While introduced fish and bullfrogs can 
prey upon R. aurora, the population-level 
impacts of such predation are unknown. Gut 

content analysis of 5075 bullfrogs collected over 
5 years on Vancouver Island found R. aurora in 
only 0.2% of stomachs (Jancowski and Orchard 

2013. 

Expected climate changes within the Cali• 
fornia range of R. aurora over the next 100 years 
include increased temperatures, sea-level rise, 
changes in hydrology, changes in fire regime, 
and vegetation shifts (reviewed in PRBO 2011). 

The frequency of extremely hot days is projected 
to increase, with roughly nine additional days 
over 32.2•c (Bell et al. 2004), though the effects 
ofincreased temperature are difficult to predict. 
A mesocosm experiment on larval R. aurora 
found that the combined effects of warming and 
drying can offset each other: warmer conditions 
result in more algal resources, allowing larvae to 
develop faster and escape costs of drying 
(O'Regan et al. 2014). Sea-level rises as high as 
72 cm above 1990 levels are predicted under 
some models for California (reviewed in PRBO 
2011), which may cause saltwater intrusion into 
estuarine habitat used for breeding. Upwelling 
is expected to intensify. which may increase fog 
development and contribute to cooler, moister 
conditions (Snyder el al. 2003, Lebassi et al. 
2009), possibly facilitating terrestrial habitat 
use by this species along the coast. Potential 
changes in precipitation are less clear, some 
models predict either modest increases or 
decreases in rainfall, while others predict sharp 
reductions of up to 28%. (reviewed in PRBO 
:z.on). Reductions in water availability due 
to reduced snowpack and possibly reduced pre­
cipitation will affect the timing and magnitude 
of stream flows. which may negatively affect 
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habitat (Snyder et al. :wo4, Stewart et al. 2005. 

Cayan et al. 2008b}. How fire regime will be 
affected by climate change in northwestern 
California is not well understood. Some models 
predict little change in fire regime or even 
decreases in area burned along the northern 
coast {Fried et al. 2004, Lenihan et al. 2008), 

while increases in area burned have been pre­
dicted for the southern coast of northwestern 
California (Lenihan et al. 2008). Westerling et 
al. (2.011) projected a 100% increase in area 
burned in northwestern California under some 
scenarios. How R. aurora responds to wildfire is 
unknown. Vegetation communities are expected 
to shift from mo~t conifer to drier mixed ever• 
green forest, with reductions in Douglas fir and 
redwood forest in particular (Lenihan et al 
2008, PRBO 2011). Loss of moist forest habitat 
would likely be detrimental to R. aurora; how­
ever, most of the predicted vegetation changes 
occur farther inland from its range. 

Disease has been repeatedly implicated in 
amphibian decline.~. but to date there is little evi­
dence that disease has played a major role in 
determining R. aurora abundance. While Bd has 
been documented from a high proportion of sites 
examined in Humboldt County (u/13; Nieto 
2.004, Sun 2012), the prevalence of infected indi­
viduals is relatively low ( r5%; Nieto 2004, Sun 
2012). Water mold infection of egg masses has 
been observed in the field (Cary 2010, M. van 
Hattem, uttpublished data} but population conse• 
quences of infection are unknown. Terrestrial 
versus aquatic life stages may respond differently 
to fungal infection. Juvenile metamorplts 
infected with Saproglenia in the lab did not have 
significantly higher mortality than uninfected 
individuals (Romansic et al. 2.007), white two 
weeks of exposure was lethal to R. aurora larvae 
(Romansic et al. 2009a). 

Status Determination 

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



Management Recommendations 

Management of Rana aurom sl1ould focus on 
addressing habitat degradation and loss due to 
development, timber harvest, and agriculture 
(including marijuana cultivation), introduction 
and spread of nonnative predatory fish and bull­
frogs, and on minimizing unintended negative 
impacts due to salmonid restoration. Observa­
tions of higher abundance in breeding habitat 
with intact terrestrial vegetation nearby (though 
not excessively shading ponds; Cary 2010, 

Adams et al. 20n, Holcomb 2012) coupled with 
the terrestrial habitat use and long distances 
traveled by adults (Hayes et al. 2007) support 
the idea of maintaining vegetation buffers 
around breeding habitat in forested areas and 
setbacks between wetlands and development. 
Current regulations for development setbacks 
under the California Coastal Act of 1976 give 
distances from breeding wetlands of up to 30 m 
depending on land use. However, these setbacks 
are reducible upon request and we recommend 
that consistent. biologically based setbacks be 
developed. Rana aurorci may experience less 
impact from timber harvesting methods that 
leave residual tree patches, particularly if multi• 
ple trees are included in patches between o.8 
and 1.5 ha in size and are near streams (Chan• 
McLeod and Moy 2.007). Marijuana cultivation 
appears to pose a growing threat to maintenance 
of high-quality habitat for this species. Enforce• 
ment and regulation of marijuana cultivation is 
an ongoing issue in California and we suggest 
that the environment;il impact of such activities 
be considerM. Populations of introduced fish 
and bullfrogs should be prevented from invad­
ing R. aurora breeding habitat. While bullfrogs 
may already be widespread, intentional fish 
stocking should be restrtcted to avoid R. aurom 

habitat. Restoration projects for native salmo• 
nids should also take into consideration poten• 
tial impacts to R. aurora that may be caused by 
converting freshwater wetlands to estuarine 
habitats and salt marshes. 

Monitoring. Research, and Survey Ne.eds 

Monitoring of Rana a11rora egg mass counts 
should continue in order to provide baseline 
data on distribution and abundance and to 
detect declines. Rana aurora management 
would benefit from additional study of move­
ment and habitat use. life history, effects of 
mariiuana cultivation. and impacts of intro­
duced species in the field. Particularly as habi• 
tat becomes increasingly fragmented, data on 
connectivity among habitat patches. effects of 
road density, and use of tenestrial habitat away 
from breeding ponds can help inform appropri· 
ate setback distances and buffer configurations. 
Genetic studies may also be helpful for under­
standing patterns of frog movement across the 
landscape. Basic life history information overall 
and from the California range in particular is 
also lacking. Understanding saltwater tolerance 
of different life stages would be useful for pre• 
dieting the extent of sea-level-rise effects on 
coastal populations. Field research on impacts 
of marijuana cultivation on amphibian popula­
tions would contribute to developing environ­
mental regulations for this growing industry. 
Much of the concern for bullfrog impacts on R. 

aurora is from experimental mesocosm studies. 
Additional research that addresses the effects 
of bullfrogs and fish on R. atirora in the field is 
necessary to understand the community con• 
text of impacts, as the effects of bullfrogs in 
combination with fish may be greater than 
either singly (Kiesecker and Blaustein 1998). 
and fish may be facilitating bullfrog survival 
(Adams et al . .ioo3). Under the assumption 
that eradication of well•established introduced 
species is un1ikely to be feasible at a large scale, 
a main goal of this work should be identifying 
factors that can potentially be manipulated to 
promote coexistence between R. aurora and 
nonnative predators. such as managing terres• 
trial and aquatic vegetation cover and 
hydroperiod. 
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FOOTHILL YELLOW-LEGGED FROG 

Rana bcytii Baird 1854 

$tai11s Summary 

Rana boylii is a Priority 1 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 83% (91/no). During the previous evalua­
tion, it was also considered a Species of 
Special Concern, with varying levels of threat 
in different parts of the range (Jenttings and 

Hayes 1994a). 

Identification 

Rana boyl.ii is a small to medium-sized frog (up 

to 81 mm SVL) (Stebbins 2003). The skin usu• 
ally appears rough and granular, with many 
tiny tubercles on the surface, including on the 
tympanum (Nussbaum et al. r983). The dorsal 
coloration is variable and can be gray, brown, 
reddish, or olive, sometimes with extensive 
brick•red coloration around the weak dorsola­
teral folds (Nussbaum et al. 1983). Individuals 
can also change their overall coloration from 
relatively light to dark (Wheeler et al. 2005). An 
inverted triangle-shaped patch of buff colora­
tion is usually present on the snout, but its dis-
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tinctiveness varies (Stebbins 2003}. The ventral 
coloration is typically yellow on the hind legs 
and posterior abdomen, with the rest of the ven­
ter mostly white with dark mottling on the 
throat and chest {Nussbaum et al. 1983). 

f'oothil! Ye/1011,,.(egged Frog: Risk Fact<,1s 

Ranking Criteria (Ma,cimum Score) Score 

i Range size (10) 

ii. Distribution trend (2S} 

iii. Population concentration/ 
migration (10) 

iv. Endemism (10) 

v. Ecological tolerance (10) 

vi. Population trend (2S) 

vii. Vulnerability to climate change (10) 

viii. Projected impacts (10) 

Total Score 

Total Possible 

Total Score/Total Possible 

s 
20 

10 

7 

7 

2S 

10 

7 

91 

110 

0.83 
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Jennings and Hayes (2005) documented 
orange or red <:oloration on the ventral surfaces 
of the hind limbs in post-metamorphic animals 
from Glenn. Tehama. and Stanislaus Counties. 
Tadpoles reach a maximum size of 55 mm and 
are usually olive dorsally with dark spots or 
mottling that matches the stream substrate and 
a silvery venter (Nussbaum et al. r983). Males 
call primarily underwater but will also call 
above (MacTague and Northen 1993). 

Other species that R. boylii could potentially 
be <:onfused with in California include the Cali· 
fornia and northern red-legged frogs (R. draylo­
nii and R. aurora), the mountain and Sierra 
Nevada yellow-legged frogs (R. muscosa and R. 
sierrae), and juvenile bullfrogs. Rema drayto11ii 
and R. aurora have smooth skin, a prominent 
jaw stripe, distinct dorsolateral folds, and usu­
ally have red coloration under the hind limbs 
(although R. '1oytii can also have red ventral col­
oration, and young R. draytonii and R. aurora 
often have yellowish thighs) (Stebbins 2003, 

J£ennings and Hayes 2005}. Rana rnuscosa and 
R. sierrae have smoother skin, smooth tym­
pana. and tend to lack the light patch on the 
snout {Stebbins 2003). Bullfrogs occasionally 
co-occur with R. boylii but tend to l>e greenish 
in color, with smoother skin, and large, smooth 
tympana (Stebbirn 2003). 

Taxonomic l<efatiomhips 

Rana boy/ii has been recognized as a distinct 
spe<ies for a long period of time, although its 
phylogenetic placement among other North 
American ranids has been revised repeatedly 
( Baird 1854, Macey et al. 2ooi, Hillis and Wil­
cox 2005). Zweifel (1955) documented variation 
in color and morphology among California R. 
boy!ii populations. Recent phylogeographic 
studies have found that genetic variation 
among R. boylii populations is structured along 
hydrologic boundaries (Dever 2007, [>eek 2010. 

Lind et al. 2011). In a range-wide phylogeo­
graphic study, Lind etal. (2011) identified some 
peripheral populations that are deeply diver­
gent from populations within the core of the 
range. Jn California, populations in southern• 
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most Monterey County west and south of the 
Salinas River Valley and populations from the 
southern Sierra Nevada were found to be phylo­
genetically distinct from the rest of R. boylii. 
suggesting a long history of isolation. While 
extreme southern populations from Los Ange­
les County are now extirpated, Lind et al. ( 20n) 
hypothesized that animals from those localities 
may also have been genetically distinct. 

Life History 

As a stream-dwelling frog. the life history of 
Rana bo)•lii coincides with seasonal patterns in 
river flows associated with California's Mediter• 
ranean climate. The most sensitive life stages 
(eggs and larvae) develop during relatively sta• 
hie conditions when streams are at their lower 
stages (Kupferberg et al. 2009b). Breeding and 
oviposition occur in spring after Rood waters 
recede, and tadpoles metamorphose in late 
summer through early autumn before winter 
rains (reviewed in Lind 2005, Haggarty 2006, 

Wheeler and Welsh 2008). Southern popula­
tions breed earlier than northern populations 
(Zweifel 1955), and the onset and duration of 
breeding can be influenced by water tempera­
ture, cessation of rainfall, water velocity and 
depth, and day length (Zweifel 1955, Kupfer­
berg 1996a, Lind et al. 1996). Between 2002 

and 2007 at a site in Del Norte County, breed­
ing activity was initiated in early April and 
lasted for 19-p, days, with earlier breeding 
occurring in low-flow years (Wheeler and 
Welsh 200&). Breeding activity ceased briefly 
during rain events that increased flows 
{Wheeler and Welsh 2008). 

Females lay a single duster of up to 2000 

eggs (Zweifel z955) attached to pebble or cobble 
substrates (Fuller and Lind 1992) or to bedrock 
(M. van Hattem, pers. comm.). Eggs take 2- 3 
weeks to hatch. depending primarily on water 
temperature (Kupferberg 1996a). Major 
sources of natural egg mortality are desiccation 
through stranding in dry years, and scour from 
floods in wet years {Kupferberg et al. 2009b). 

Adults breed at 2 or} years of age depending on 
the geographic location, and this translates into 



fluctuations in adult populations being deter­
mined by environmental conditions during 
recruitment 2.-3 years prior (Kupferberg et al. 
2009b). Metamorphosed animals captured in 
Tehama County were r.2-7.2 years old based 
on skeletochronology (Bourque 2008). sug­
gesting that they can be relatively long-lived. 

Radiotelemetry studies are beginning to 
offer more insight into terrestrial movements. 
Adults aggregate at pools in the spring but 
become more difficult to find in the summer 
(Yan Wagner 1996. Haggarty 2006, Wheeler 
and Welsh 2008). In one study in Tehama 
County, frogs used watercourses for movement 
and were rarely more than 12 m from the 
stream channel (Bourque 2008). Females 
tended to move upstream during spring and 
downstream during the fall and winter. Travel 
rates in this population were up to 1386 m/day. 
faster than previously thought. In other stud­
ies, the longest distances traveled have been 
closer to 500 mat rates of tens to a few hundred 
meters per day (Van Wagner 1996. Drennan et 
al. 2006. Wheeler et al. 2006). Females tend to 
move farther distances than males, with female 
movements up to 7 km documented in one 
study {Bourque 2008. Consolin 2010). At one 
locality in Del Norte County, 68% of males 
remai11ed in one breeding site during the repro­
ductive season, with average home range sizes 
of 0.58 m' (Wheeler and Welsh 2008}. At a site 
where the availability of permanent water is a 
limiting factor in Santa Clara County, resident 
tributary frogs moved to the main stem to 
breed and moved greater distarn:es than resi­
dent main stem frog.<i (Gonsolin 2010). Greater 
than 90% of movements were associated with 
movements to or from breeding sites, and all 
movements outside of the breeding season 
were made in response to the channel drying 
back or to rainfall (Gonsolin 2010). 

Larvae appear to be herbivorous, while met­
amorphs and adults consume terrestrial and 
aquatic insects. Algae with epiphytic diatoms 
are a preferred food for larvae, and the abun­
dance of floating algae indicates the quality of 
larval food resources {Kupferberg 1996b. Kup• 

ferberg 1997). Metamo1phosed animals p1ima• 
rily forage terrestri:illy (Zeiner et al. 1988, Van 
Wagner 1996. Haggarty 2006, Hothem et al. 
2009). Spiders. beetles. and flies are common 
prey items (Haggarty 2006, Wiseman and Bet­
taso 2007, Hothem et al. 2009). Gut content 
analyses of adults collected from 22 sites in the 
Cache Creek watershed found that 98% of indi­
viduals contained terrestrial prey, 28% con­
tained aquatic prey, and one animal contained 
mammal hair and bone fragments (Hothem et 
al. 2009). Two occ.urre11ces of adults cannibal­
izing juvenile conspecifi.cs have been docu­
mented (Wiseman and Beltaso 2007). 

Habitat Requirements 

Ran,i boylii is primarily stream dwelling and 
requires shallow, flowing water in streams and 
rivers with at least some cobble-sized substrate 
(Hayes and Jennings 1988}. Different life 
stages use different habitat types for develop­
ment, foraging, and overwintering. 

Breeding and oviposition occur at the mar• 
gins of rEelatively wide and shallow channel sec­
tions, habitats that experience reduced flow 
variation (Storer 1925, Fitch 1936, Kupferberg 
1996b, Lind et al. 1996). Breeding sites are 
often located near tributary confluences (Kup­
ferberg 1996a, Bourque 2008). Egg masses are 
attached in low-flow locations behind and 
sometimes under rocks. The most commonly 
used substrates for breeding sites are cobble, 
boulders, and gravel (Fuller and Lind 1992., 
Kupferberg 1996a). Eggs have been found at 
water depths up to 87 cm (C. Bondi, S. Yarnell, 
and A. Lind. pers. comm.). in water velocities 
of 0-0.:i.1 m/s, and up to 12.5 m from shore 
(Kupferberg 1996a, reviewed in Lind 2.005). 
The critical thermal maximum for embryos is 
z6°C, and eggs have been found in water rang• 
ing from 9°C to 2r.5°C (Zweifel 1955). Density 
of egg masses was highest in Eel River reaches 
when July mean temperatures were between 
17.5•c and 19•c (Catenazzi and Kupferberg 
1.013). Egg mass surveys from 1991 to 2002 
across 11 small and large streams in the North· 
ern Coast Ranges and the Sierra Nevada found 
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that oviposition sites occurred in a very narrow 
range of microhabitat conditions that were dif­
ferent from randomly sele<:ted habitats, strongly 
suggesting active habitat selection by frogs 
(Lind .2005). High-quality breeding areas are 
often used over multiple years (Lind 2005). 
Larvae tettd to stay in natal habitats until they 
metamorphose (Van Wagner 1996). Surveys in 
the Mattole Watershed in northern coastal Cali­
fornia across different channel types found that 
tadpole presence was best predicted by rela­
tively warmer water temperatures {Welsh and 
Hodgson 201t}. Tadpoles were never found in 
water colder than 13°C. and tadpole abundance 
increased with waler temperature (Welsh and 
Hodgson 20n). In choice experiments. tad• 
poles selected temperatures between 16.5•c 
and 2.2.2.•c {Catenazzi and Kupferberg 2013). 

Metamorphosed animals use a variety of 
aquatic habitats, including riffles, pools, and 
glides (reaches intermediate between riffles 
and pools) depending on the life stage and sea• 
son (Van Wagner 1996. Yarnell 2000, Lind 
2005, Yarnell 2005, Haggarty 2006). At Red 
Creek in Tehama County, post-breeding season 
adults and subadults preferred pool and riffle 
habitats, while young of the year meta morphs 
selected slower-moving glides and runs (Hag• 
garty 2,006). In Nevada County, all age classes 
used riffles after the breeding season (Van 
Wagner 1996). In the Sierra Nevada foothills, 
subadults chose fast.fl.owing sections of stream, 
while adults used slower-moving pool habitats 
(Yarnell 2000, Yarnell 2005). In the Mattole 
Watershed, the best p1edicto1 of adult presence 
in streams was canopy openness (Welsh and 
Hodgson 20n). Abundance of adults and lar­
vae was positively associated with larger basin 
areas and finer substrates, conditions more 
typical of alluvial channels than other channel 
types (Welsh and Hodgson 2.on). 

Less is known about terrestrial habitat use. 
Adults typically occur along waterways with 
some degree of shading (Fitch 1938, Zweifel 
1955, Moyle 1973, Hayes and Jennings 1988, 
Van Wagner 1996), although they also occur in 
open habitats (Welsh et al. 2,005, Haggarty 
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2006, Wel~h and Hodgson 20n). During the 
spring. radio•tracked males and females in 
Tehama County were often found on land near 
water (38% and 66% of the lime, respectively; 
Bourque 2008). The average distance from 
water was less than 3 min all seasons, although 
adults occasionally used habitat up to 40 m dis• 
tant from streams (Bourque 2008). Adults 
move to tributaries 01 upland habitats to avoid 
floods following large rain events (Kupferberg 
1996b, Van Wagner r996. Yarnell 2000, 
Bourque 2008}. Tributaries are also used for 
overwintering in early spring before adults are 
abundant on the principal channels (Kupfer• 
berg 1996b, Yarnell 2000). Juveniles will also 
move into tributaries. with maximum move• 
ments of86o m from hatching !lite to upstream 
tributaries observed in Santa Clara County 
(Gonsolin 2010). Adults may aggregate above 
ground in terrestrial microhabitats on tributar­
ies post-breeding (Leidy et al. 2009). 

Disiribution (Post and Present) 

Historically, Rm1a boylii occurred in foothill 
and mountain streams from the San Gabriel 
River in Los Angeles County to southern Ore­
gon west of the Sierra•Cascade crest (Nuss­
baum et al. r983. Stebbins 2003). from sea level 
to 1940 m (Hemphill 1952). There is an iso­
lated, unverified record from northern 
Baja California, Mexico, at -2000 m (Loomis 

1965). 
Jennings and Hayes (1994a) considered R. 

boylii endanger«! in central and southern Cali• 
fomia south of the Salinas River, threatened in 
the west slope drainages of th.e Sierra Nevada 
and Cascades, and of special concern in the 
Coast Ranges north of the Salinas River. They 
e:stimated that R. boy/ii were extirpated from 
45% of their historical localities in California, 
and 66% of historical localities from the Sierra 
Nevada. Building on that mapping effort, Lind 
(2005) looked at 394 historic localities in Cali• 
fornia and Oregon, and found that 201 locali­
ties (51%) were no longer occupied, with extir­
pations largely in southern California and 
northern Oregon. Kupferberg et al. (2012) 



determined current occupancy of 310 randomly 
selected sites that were occupied prior to 1975. 
They found that half of the sites still had R. 
boylii populations. with frogs more likely to be 
present in sites without large dams. 

Extirpations likely began in the second half 
of the twentieth century. Grinnell and Storer 
(192.4) noted several sites in the Sierra Nevada 
foothills around Yosemite where R. boylii were 
common. In resurveys of those sites and sur­
veys of additional sites in the early 1990s, Drost 
and Fellers (1996} did not find any R. hoylii. 
Surveys by Moyle {1973) in the 1970s found R. 
boylii at only 30/ 95 sites in the southern and 
central Sierra Nevada foothills. Field surveys 
since 1993 have found at least one frog at only 
2.1}/804 sites in 28/40 California counties (Fel­
lers 2005a}. Fellers (2005a) estimated that 
extant populations occur in 40% of streams itt 
the Pacific Northwest. 30% of streams in the 
Cascade Mountains, 30% of streams in the 
south Coast Range (south of San Francisco). 
and 12.% of streams in the Sierra Nevada. 

Trends in Abundance 

Kupferberg el al. (2012) compiled egg mass 
density data from multiple sources on 2.7 Sier­
ran and coastal populations in northern Cali­
fornia between 1991 and 2oco. The range of 
densities reported was between 1.9 and 105.7 
clutches/km of reach sampled. Average density 
was higher in free-fl.owing rivers (31.I dutches/ 
km) than in rivers with dams (5.5 clutches/ 
km). but no differences were detected between 
abundances in coastal versus montane water­
sheds (Kupferberg et al. 2012). Fellers {2005a) 

reported that only 30 of 213 occupied California 
sites had population sizes greater than 20 
adults. In the Coast Ranges, population sizes of 
greater than 100 adult frogs occurred at six 
sites, and populations greater than 50 adult 
frogs occurred at nine sites (Fellers 2005a). 
Small population sizes are presumably due to 
population declines, leading to predictions that 
populations in the southern Sierra Nevada will 
not be viable for more than another decade { Fel· 
lers 2005a). Minimum viable population sizes 

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

Nature and Degree of Threat 

The main threats to and likely causes of Ra11a 

boylii decline are human activities that alter 
natural hydrologic regimes of streams and riv­
ers. such as dams for hydroelectric power gen• 
eration, water storage, and waler delivery. Other 
potential stressors include land use change!! 
that degrade or destroy riparian habitat (partic­
ularly urban and agricultural development), 
pesticides, disease, and invasive species. 

Alterations to the natural flow regime, for 
example. tlnough dam releases, can have direct 
mortality effects and indirect negative effects 
on R. boylii by altering habitat availability and 
quality. Kupferberg et al. (2009b) reviewed 
published literature and Federal Energy Regu­
latory Commission hydroelectric dam relicens­
ing reports to assess the effects of pulse<! flow 
releases on R. boylii. The data spanned 1997-
2007 and included seven major river basins in 
California. Pulsed flows from dam releases 
after oviposition resulted it1 scouring of egg 
masses. while flow changes during oviposition 
led to stranding when water levels subsequently 
dropped and exposed egg masses. Similarly. 
tadpoles can he scoured and stranded due to 
pulsed-flow releases. The effect of releases on 
post-metamorphic. animals is less dear. and the 
impact of flow changes on habitat availability is 
highly site specific. Reservoirs and dams may 
also disrupt patterns of connectivity among R. 
boylii populations. Comparisons of genetic 
structure within and among R. boylii popula­
tions in three pairs of regulated versus unregu­
lated Sierran rivers found that regulated rive1s 
exhibited lower genetic diversity and greater 
genetic drift compared to unregulated river 
populations ( Peek z.010). 

Kupferberg et ,11. ( 2009c) modeled R. boy/ii 
population growth under different flow sce• 
narios. A major result was that populations in 
regulated rivers had 4-13-fold greater extinc• 
tion risk than populations in unregulated rivers 
due to smaller population sizes. Kupferberg 
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et al. (2.009c) simulated how an unregulate<I. 
population would be affected by fiows more 
typical of regulated rivers. When subjected to 
aseasonal flow conditions, modeled popula­
tions showed a doubling of extinction risk. 
Many different kittds ofhydrologic changes can 
contribute to these negative effects, and when 
different stressors are combined, the impact on 
frog populations is greater than expected from 
simply adding up the effects of individual 
stressors. 

Field and laboratory experiments conducted 
by Kupferberg eta!. (i.on) showed that tadpoles 
suffered negative effects including death at or 
below water velocities experienced during asea• 
sonal pulsed Rows. For example. most tadpoles 
could no longer swim or seek refuge at veloci­
ties of -20 cm/s or greater. and in the absence 
of refugia tadpoles reached exhaustion itt 
-7 min in a 5 cm/s current. Rates of ftow in 
regulated reaches can be much higher than 
this. For example. in the North Fork Feather 
River, surface velocity measured in Larval rear­
ing habitat near channel edges can reach over 
30 cm/ s after releases for recreational purposes 
(Garcia and Associates 2005). 

Smaller-scale hydrologic modification and 
loss or degradation of riparian habitat due to 
urban and agrkultural use is also a threat to R. 
boylii. Analyses correlating R. borfii distribu­
tion with landscape characteristics demon­
strated negative effects of urban and agricul­
tural land use change and pesticides on R. 
boy/ii presence (Davidson et al. 2002. Davidson 
2004, Lind 2005). Vineyard conversion can 
have impacts on small creeks, and the estab­
lishment of permanent ponds used for irriga­
tion and frost protection can create habitat for 
bullfrogs (S. Kupferberg, pers. comm.). Mari­
juana cultivation practices that divert water 
from small creeks can Lead to premature dry­
ing. Growers have been observed to construct 
plastic-lined impoundments in creeks and add 
fertilizers directly to creek water. as well as use 
pesticides and herbicides in and around frog 
habitat (Gonsolin 2010). These practices are 
suspected to have contributed to declines in 
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some populations near Gilroy (Gonsolin 2010). 
Similar impacts are likely in Humboldt, Men­
docino. and Trinity Counties (CDFG 2or3). The 
large-scale effects of such illegal operations are 
unknown. and potentially dangerous to study. 
While in-stream gravel and suction dredge gold 
mining may have been more of a concern in the 
past, cmrent regulations protecting salmonids 
have likely largely reduced the direct impact of 
such activities on R. boylK For example. in 
Humboldt County in-stream gravel mining 
occurs above (in elevation) and outside the wet­
ted channel. and relatively high egg mass den­
sity has been documented in reaches where 
gravel mining occurs in the Mad River {M. van 
Hattem. pers. comm.). 

The current distribution of R. bol'lii is 
strongly correlated with climate variables. 
which suggests that this species may be sensi­
tive to future climate changes. partic\1larly 
those that affect stream hydrology {reviewed in 
PRBO 20n). Comparisons of occupied and 
extirpated historic localities found that sites 
where R. boylii persists have higher mean 
annual precipitation, less variability in precipi­
tation. and fewer dry years than extirpated sites 
(Davidson et al. 2002. Lind 2005). Within the 
range of R. boylii. warming temperatures are 
predicted to result in more precipitation falling 
as rain instead of snow, and consequently less 
storage of water as snowpack. Reductions of 
30-80% in snowpack accumulation are pre­
dicted within the northwestern range of R. 
boylii. and up to 90% reduction in snowpack is 
predicted for the south coast hydrologic region 
(Snyder et al. 2004, Cayan et al. 2008b). In the 
Sierra Nevada, snowpack losses of 50-90% are 
predicted by the end of the twenty-first century. 
with greatest losses at low to mid-elevations 
{Knowles and Cayan 2002. Hayhoe et al. 2004, 
Knowles and Cayan 2004, Maurer 2,007, Cayan 
et al. 2008b). Loss of snowpack is likely to 
result in earlier runoff and reduced spring and 
summer streamflows. Timing of spring snow­
melt is predicted to shift earlier in the spring in 
the Sierra Nevada (Snyder and Sloan 2005). 
while in northwestern California the opposite 



has occurred over the last 50 years (Stewart et 
al. 2005). How frogs will respond to these 
changes in hydrology is unknown, but negative 
effect<; due to anthropogenic changes in hydrol­
ogy are well documented. Reduction in water 
availability may also lead to more conflict with 
human use of water and affect how regulated 
reaches are managed (reviewed in Franco et al. 
2ou). It is important to note, however, that pre­
dictions of changes in precipitation are much 
less certain than predictions for temperature 
{Franco et al. 2,011, PRBO 20n). ln addition, 
climate change may also affect disease dynam­
ics. Outbreaks of nonnative parasitic copepods 
occurred during two recent warm years at a 
long-term study site, resulting in morphologi­
cal abnormalities and smaller sizes at meta­
morphosis (Kupferberg et al. 2009a). The out­
break was likely caused by increased summer 
water temperature, decreased daily discharge, 
or a combination of these factors. These condi­
tions may increase under a changing climate, 
but could also occur as a result of marijuana 
cultivation. 

No declines to date have been associated 
with Bd, but the disease does infect R. boylii in 
the field. Padgett-Flohr and Hopkins (2009) 

examined museum specimens from 1890 to 
zooo, and found that Bd first appeared in R. 
1'0}1lii samples from the 1960s, with 10% of 
specimens infected. In all, 0-40% of speci­
mens were infected with Bd in the following 
decades. In laboratory trials, R. boylii appeared 
to be protected by skin peptides against Bdand 

therefore may not be very susceptible to chytrid­
iomycosis (Davidson et al. 2007). Chytrid 
infection did no1 affect survival, even in the 
presence of a co-applied pesticide, but did sup­
press growth of recently metamorphosed indi­
viduals by approximately 40% (Davidson et al. 
2007). 

Observational data and surveys have found 
that R. 1.,oylii is rare or absent in habitats with 
introduced fishes and bullfrogs (Hayes and Jen­
nings 1986. Hayes and Jennings 1988. Kupfer­
berg 1997, Lind et al. 2003, Fuller 2008). 

Breeding populations of R. hoylii can be an 

order of macnitude smaller when bullfrogs are 
present compared to uninvaded reaches (Kup• 
ferberg 1997). In field experiments in outdoor 
enclosures, bullfrog tadpoles caused a 48% 
reduction in survivorship of R. boylii tadpoles, 
and a 24 % decline in mass at metamorphosis. 
The mechanism behind the negative impacts of 
bullfrogs was competition for food (Kupferberg 
1997). Metamorphosed bullfrogs prey on R. 
boylii, including post-metamorphic individuals 
(Crayon c988, Hothem et al. 2009), but the 
population-level consequences of this predation 
are unclear. Another nonnative predator, the 
signal crayfish {Pacifastacus ltniusculus), has 
been introduced into several Sierra Nevada 
drainages from farther north where the two 
species co-occur (Wiseman et al. 2005). Signal 
crayfish. have been observed eating and dislodg­
ing egg masses and attacking larvae (Wiseman 
et al. 2005). Within R. boylii's range, signal 
crayfish have been documented at 30-40 sites, 
with - 2.5 invaded sites occurring in the Sierran 
foothills {G. Fellers. pers. comm.). 

Status Delermination 

Documented declines and extirpations of Rana 
bo}•lii populations combined with continuing 
threats to remaining populations result in a 

Priority 1 designation for this species. 

Management Recommendatiom 

Several aspects of the biology of Rana boylii can 
help inform management efforts. Rana bo}•lii 
use a variety of stream and streamside habitats 
during different life stages; therefore, protected 
habitat needs to provide adequate habitat diver­
sity. The timing and pattern ofreleases of water 
from dams during April through June should 
be managed to minimize egg scouring and 
stranding. For example, dam releases can be 
staggered to better mimic the natural spring 
recession in snowmelt-fed streams. Further rec­
ommendations for hydrologic management can 
be found in Kupferberg el al. (2009b, 2.009c). 

Dam removal should be explored where appro­
priate and is likely to benefit R. bO}•lii and other 
native taxa. River management for other taxa 
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needs to take R. boylii into account. For example, 
in-stream structures to improve habitat for fish 
such as steelhead can negatively impact R. boy/ii 
(Fuller and Lind 1992). Habitat restoration and 
possibly repatriation of southern Sierra Nevada 
populations should be considered. Southern 
populations in general should be priorities for 
conservation because of the degree oflosses and 
distinctive genetic diversity represented in this 
part of the range (Lind et al. 2ou}. Removal or 
management of nonnative predators such as 
fish and bullfrogs may help restore R. boylii 
habitat. For example, projects that remove artifi­
cial pools (e.g., relict mine tailing ponds) by 
restoring linkages to main river channels would 
result in more natural hydrologic conditions and 
reduce breeding habitat for bullfrogs (Fuller et 
al. 2010). Finally, Lind et al. (2011) suggested 
that an approach using genetic analyses of R. 
boy!ii and co-distributed riverine taxa would 
help in prioritizing drainages for protection 
based on levels or diversity. 

Monitoring, Research, and Survey Needs 

Modeling of population dynamics and hydrol­
ogy are highly site specific and limited by avail­
able demographic data, and acquiring those 
additional data should be a high priority for 
Ranci boylii. More research is needed on survi­
vorship of tadpoles and juveniles, especially 
during overwintering. The mechanisms undeT• 
lying hydrological effects are currently best 
understood for egg masses, and we need to 
develop a better functional understanding of 
how hydrology affects different life stages (Kup-
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ferberg et al. 2009b). More research is also 
needed on post-metamorphic stages. Post-meta­
morphic. stages may be less at risk from asea­
sonal pulses in river flow because they are more 
mobile, but in regulated rivers the timing of 
pulsed fl.ow events can be decoupled from di• 
matic cues (such as the first appreciable fall 
rains) that would normally trigger movement to 
safer refuges ( Kupferberg et al. 2009b). Cau­
tion should be taken in using radio telemetry to 
study post-metamorphic animals, as 62% of 
frogs in one study suffered skin injuries from 
transmitters ( Bourque 2008). Modeling effons 
wo\lld also be improved by monitoring a Sierra 
Nevada population in an unregulated reach for 
comparison with more regulated sites (Kupfer­
berg et al. 2009b). Egg mass counts are com­
monly used to monitor R. boylii populations. 
Females only lay one mass/year, so egg mass 
counts accurately refl.ect the number of repro­
ductive females. However, operational sex ratios 
are female biased; therefore, accurate popula­
tion size estimates cannot be made based on 
egg counts alone (Wheeler and Welsh 2008). 

Lind et al. (:1.011) provided important range­
wide phylogeographic data, but their study was 
limited by very low nuclear genetic diversity and 
relied primarily on mitochondrial data. Addi­
tional work could provide valuable additional 
data on levels of variation and genetic isolation 
among local hydrologic basins, as might be pre­
dicted for this stream-restricted anuran, Finally, 
efforts to find remnant R. bo}•lii populations in 
the San Gabriel Mountains and upper Piru 
Creek in southern California should continue. 



CASCADES FROC 

Rana cascodae Slater 1939 

Status Summary 

Rana cascadae is a Priority 2 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 65% (72/no). During the previous evalua• 
tio11, it was also considered a Species of Special 
Concern (Jennings and Hayes 1994a). 

Jdentificoticn 

Ra~1a cascadat is a medium-sized (2.0-8.0 cm 
SVL) frog with drab•green, tan, or brown dorsal 
coloration and well.defined black blotches scat­

tered across the back (Slater 1939, Stebbins 
2.003). The number of blotches varies from 
very few to about 50 (Slater 1939), and 
unmarked individuals occur rarely (Jennings 
and Hayes 1994a). Blotches appE'ar to be on the 
surface of the frog's skin and are reminiscent of 
spattered ink (Stebbins 2003). The species has 
a prominent light stripe above the jaw and 
strong dorsolateral folds. The venter is cream or 
buff, usually with yellowish (sometimes red­
dish) arE-as posteriorly and on the undersides of 
the legs. Laterally, the sides are mottled and 

fade into the ventral coloration (Slater 1939), 
The male advertisement call is a series of low 
chucks given in rapid succession, usually end­
ing with one slightly drawn out chuck ( Elliott et 
al. 1009). 

Cos~adts rrog: Risi.: Fact01s 

Ranking Criteria (Maximum Score} Score 

i. Range size (10) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 3 

vi. Population trend (25) 15 

vii. Vulnerability to climate change (10} 7 

viii. Projected impacts (10} 7 

Total Score 72 

Total Possible 110 

Total Scote/Total Possible 0.65 
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In California, this species could be confused 
with the California or northern red-legged frogs 
(R. draytonii and R. aurora}, both of which it 
resembles in overall body shape. In adults. 
R. aurora/R. draytonii have extensive mottling 
on the venter with red pigmentation on the ven• 
tral thighs and groin, rather than the yellow that 
often characterizes R. cascadae (Dunlap 1955). 
However, the color of the thighs is variable in R. 
cascadac. and may not be a reliable character to 
separate these taxa (S. Barry, pers. comm.}. 

Taxonomic Relationships 

This species is closely related to Rana aurora and 
R. draylonii !Shaffer et al. 2004, Hillis and Wil­
cox 2005). It was proposed as a distinct species 
based on morphology (Slater 1939), and this 
interpretation has been repeatedly confirmed 
with additional morphological and genetic data 
{Dunlap 1955, Case 1978, Shaffer et al. 2004). 

Based on genetic data, the species appears 
to show considerable differentiation among 
local populations that is consistent with an 
overall isolation-by-distance model of gene flow 
(Monsen and Blouin 2003. Monsen and Blouin 
2004). In addition, the California populations 
appear to be strongly divergent in both mito­
chondrial and nuclear DNA from the remain­
der of the species' range in the Cascade and 
Olympic mountain ranges {Monsen and Blouin 
2003). Populations of this species appear to 
have consistently small effective population 
sizes (<50; Phillipsen et al. 2011). The available 
data are primarily from outside of California, 
although the observed pattern is likely consist­
ent throughout the range. Preliminary results 
based on mitochondrial DNA, nuclear DNA, 
and microsatellites suggested little divergence 
between Lassen and Klamath populations in 
California {Chang and Shaffer 2.oro). However, 
more extensive work with larger range-wide 
sampling is needed. 

Life History 

Ra,ia cascadae breeds in the spring, soon after 
emerging from hibernation and the spring thaw 
that opens breeding pools (Nussbaum et al. 

1983, Stebbins 2003}. First-time breeders fre­
quently disperse to new areas of suitable breed­
ing habitat (51% of first-time breeders relative to 
only 7% of experienced breeders in Echo Lake 

Basin; Garwood 2009), which may help to con­
nect local subpopulations into larger more stable 
metapopulations. Breeding occurs at the mar­
gins of waterbodies, with oviposition often 
occurring in large aggregations (Sype c975, 
Nussbaum et al. 1983. Garwood 2009). Oviposi• 
tion behavior appears to be variable throughout 
the species· range. with some authors reporting 
diurnal oviposition of largely unattached egg 
masses (Briggs 1987), and others noting that 
most egg masses are deposited at night and are 
attached to vegetation (Nussbaum et al. 1983: 
K. rope. pers. comm.). Breeding at individual 
sites is relatively synchronous and occurs over a 
few days, although the timing of breeding across 
the range can vary widely with local weather 
conditions and elevation (Briggs 1987, Garwood 
2009). Embryo development can occur at tem­
peratures ranging from 6•c to 27•c (Sype 1975. 
Nussbaum et al. 1983). After hatching, larvae 
sometimes aggregate into dense clusters (gener­
ally fewer than 40 individuals) composed prima­
rily of siblings (O'Hara and Blaustein 1981. 
O'Hara and Blaustein 1985. Blaustein and 
O'Hara c987) and choose higher water tempera­
ture than those required during embryo devel­
opment {up to -28•c; Wollmuth et al. c987, 
Bancroft et al. zooS). After metamorphosis, 
lower water temperatures are again preferred. 

Rana cascadae appears to be largely diurnal. 
The diet of adult frogs is generalized and 
includes a wide variety of arthropods, as is the 
case for most other California ranids (Joseph et 
al. 2.011). An analysis of stomach contents for 
275 frogs documented the presence of 110 

invertebrate taxa (Larson 2or2). Frogs across all 
size classes generally avoided small prey items 
(<4 mm), and larger frogs more strongly pre­
ferred large prey items (Larson 2012). 

Habitat Requirements 

Rema ca.s,adae utilizes a wide variety of aquatic 
habitats. including temporary and permanent 
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ponds. lakes. marshes. and streams. as well as 
adjacent vegetated terrestrial habitat (Nussbaum 
et al. r983. Jennings and Hayes 1994a. Stebbins 
2003, Pearl and Adams 2005, Garwood 2009). 

The species will also use wet meadows (often 
those that have formed from old sphagnum 
bogs) and can occasionally be found a large dis• 
tance from water (Nussbaum et al. r983). They 
require water yea1-round at all life stages and 
cannot tolerate habitats that fr~ze solid in the 
winter (K. Pope, pers. comm.). Montane lentic 
habitat is required for breeding and overwinter­
ing. with small, shallow, spring-fed ponds serv­

ing as the primary breeding habitat (Garwood 
2009). Populations appear to be sustained hy a 
matrix of varying habitat types that individual 
frogs disperse among throughout the year {Gar­
wood and Welsh 2007. Garwood 2009), sug• 
gesting that habitat conservation needs to oon­
sider spatial stales larger than single lakes (or 
other patches ofhabitat). The presence of preda­
ceous fish may limit their distribution (Welsh et 
al. 2006, !:>ope et al. 2008). although this alone 
cannot eKplain the broadscale pattern of popula­
tion declines in this species (Fellers et al. 2.008; 

also see the ·Nature and Degree ofThreat" sec­
tion below). 

Distribution (Past and Present) 

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

Trends in Abundance 

Populations of this frog have declined strongly 
in the Lassen area, where nearly all known 
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populations have disappeared in th.e last 30 

years {Fellers and Drost 1993. Jennings and 
Hayes 1994a). More recent surveys in the Las­
sen region further confirm these declines. 
Rana cascadae was found at only 6 of 856 sites 
surveyed over 14 years, population sizes were 
small. and breeding was limited at these 6 sites 
( Fellers et al. 2008). Populations elsewhere, 
inc.luding the Klamath Mountains region in 
Siskiyou and Trinity Counties, are also frag­
mented, generally small, and at risk. although 
they are more intact overall than in the Lassen 
area {K. Pope, pers. comm.). Localized declines 
have also been detected elsewhere in the range 
(Pearl and Adams 2005. Fellers et al. 2008. 

Piovia-Scott et al. 20n). Welsh et al. (2006) 

found R. cascadae: to be the most common 
anuran in the Klamath region. By ;;ontrast, 
more recent and ongoing surveys of eight popu­
lations in the Trinity Alps within the Klamath 
region find that only one of the populations is 
large and robust and that some of the threats 
present in the Lassen region are likely also 
operating there (K. Pope, pers. comm.). Pope 
and Larson (2013) report 11 remaining popula­
tions in the Lassen area and find that the 
number of young frogs was low at all sites that 
they surveyed. 

Nature and Degree of Threat 

Threats to this species appear to be complex 
and derived from multiple stressors. The larg• 
est factor contributing to declines in the Lassen 
region appears to be overall low recruitment 
due to changing hydrological conditions that 
lead to detrimentally high water temperatures 
and desiccation of egg masses and tadpoles, as 
well as impacts from Bd among subadult frogs 
(Pope et al. 2.on). Extensive mark-recapture 
surveys in the Lassen region between 2.008 and 
2010 indicate widespread desiccation of egg 
masses and tadpoles and a lack of metamorphs 
relative to more stable populations in the 
Klamath area (Pope et al. 2.011, Pope and Lar• 
son 2.013). In comparisons between two of the 
remaining Lassen populations. the population 
with higher Bd prevalence and load in adult and 



subadult frogs had lower survivorship for these 
two age classes. In both Lassen and the 
Klamath Ranges, subadult frogs had higher Bd 
prevalence and load than adult frogs, and the 
prevalence of Bd increased throughout the 
active season for subadult frogs but not for adult 
frogs. These results are oonsistent with previ• 
ous studies of Bd in this species that suggest 
the pathogen has differential impacl<; depend­
ing on age class. Blaustein et al. (2005) exam• 
ined the effect of Bd on larvae and found an 
increased incidence of mouthpart abnormali­
ties but no effect on mortality or behavior. Gar­
cia et al. {2006), however, found significant 
mortality in new metamorphs of Raiiacascadae 
due to Bd. 

Interestingly. Bd also appears to be wide­
spread in the Klamath region where this spe­
cies is currently much more stable than in the 
Lassen region (Piovia-Scott et al. 2.011), sug­
gesting more than one factor is playing a role in 
the declines. Ongoing characterization of Bd 
prevalence in these populations could help 
determine what factors are involved. although 
one hypothesis is that Bd achieves higher loads 
on frogs in declining populations than stable 
populations (J. Piovia-Scott. pers. comm.). 
Infection by the water mold Saprolegnia has 
also been implicated in R. cascadae declines. 
This pathogen is known to increase mortality 
in embryos, larvae, and metamorphs (Kiesecker 

and Blaustein 1999. Romansic et al. 2009a) 
and may have strong impacts on the outcome of 
competition between R. cascadae and sympatric 
Pseudacris regilla (Kiesecker and Blaustein 
1999)· 

Habitat loss and modification is also a threat 
to continued persistence of populations in both 
the Klamath and Lassen regions. The species is 
highly associated with meadows. which have 
been impacted by cattle grazing, tree encroach­
ment due to lack of wildfire, and changing 
hydrology associated with changes in the snow­
pack (l<. Pc,pe, pers. comm.; Pope et al. 2014). 

Other possible contributors to R. cascadfle 
declines that have been proposed include intro• 
duced fishes, environmental contaminants, 

pathogens, and UV-B radiation. The presence 
of introduced trout appears to be inversely 
related to the distribution of R. cascadae (Welsh 
et al. 2.006) and almost certainly imp.acts some 
populations. Aside from direct predation, intro­
duced trout may affect R. cascadae indirectly l>y 
supporting higher populations of the aquatic 
garter snake (T. atratus}, a predator on both 
trout and R. cascadae {Garwood and Welsh 
2007. Pope et al. 2008}. and by preemptive 
competition for aquatic prey (Jc,seph et al. 
2011). However, trout have been present in the 
Lassen region for nearly a century and are also 
widely distributed in other areas where R. cas• 
cadae persists, making it unlikely that they 
alone can explain the declines over the last 30 

years (Fellers et al. 2008}. Nevertheless, popu­
lations appear to respond favorably to trout 
removal. showing marked increases in popula­
tion size and recruitment following fish 
removal (Pope 2.008). 

Pesticide use is inversely correlated with the 
presence of R. cascadae (Davidson 2004). In 
particular, downwind transport of pesticides 
from intensively farmed areas in the Central 
Valley appears to be correlated with declines in 
several species of ranid frogs. including R. cas­
cadat (Davidson et al. 2002., Davidson 2004). 

This hypothesis is attractive in that it explains 
the differential declines between the Trinity 
Alps region and the Lassen region because the 
Lassen region is directly downwind of areas 
tl1at experience heavy agricultural use, whereas 
the Trinity Alps are not (Davidson et al. 2.002.). 

However, recent field measurements of con­
taminant residues in sediment and in R. casca­
dae and P. regilla tissue do not indicate higher 
levels in the Lassen compared to the Trinity 
Alps region, at least for the handful of different 
chemicals that have been analyzed to date, call­
ing this hypothesis into question {Davidson et 
al. 2012). In addition, Sparling et al. (2001) 

measured the presence of cholinesterase levels 
in the non-declining P. regiUa as a measure of 
the extent of pesticides that are locally depos­
ited in an area and found strong effects in the 
Sierra Nevada but not in the Lassen area; these 
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results seem to indicate that pesticides may not 
be a major factor in the Lassen R. cascadae 
declines. Environmental contaminants at sub­
lethal levels have also been shown to induce 
behavioral and morphological changes in R. 
cascadae (Marco and Blaustein 1999), suggest­
ing that low-level agricultural residues may 
have important biological consequences. Jn 
summary, it appears that pesticides may be 
playing some role in R. cascadae declines in the 
Lassen region, but they are certainly not the 
entire story. 

Finally, UV-8 radiation may play a role, pos­
sibly in combination with other factors. in caus­
ing declines. Some studies have documented 
larval mortality and retinal damage due to 
UV-B. although the effect depends strongly on 
the intensity ofUV-8, the duration of exposure, 
and possibly other factors including the pres• 
ence of competitors, predators, or supplemen­
tary food (Fite et al. 1998, Hatch and Blaustein 
2000. Belden et al. 2.003, Garcia et al. 2006, 

Romansic et al. 2009\>). The importance of 
these results has not yet been demonstrated in 
natural settings, however. Palen et al. (2002) 

found that dissolved organic matter in natural 
environments provided protection from UV-B 
:it 89% of the sites examined for R. cascadae. 
Thus. it remains possible that UV-Bis having 
an effect, although its importance in nature 
remains unclear. 

Ultimately, it is likely that no one factor is 
solely responsible for the precipitous declines 
itt Lassen region R. cascadae populations. Fur­
ther. the causes of the initial range-wide 
declines may be distinct from the local factors 
that threaten the continued persistence of the 
few remaining populations. The most recent 
work suggests that the major factors playing a 
role in the range-wide declines are the presence 
of introduced fishes and Bd. while continued 
local persistence of the remaining populations 
is also threatened by low recruitment stem­
ming from desiccation and detrimentally high 
water temperatures. Pope et al. (2014) present a 
recent and comprehensive review of both 
regional and local-scale threats to R. cascadae 
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throughout the range. The evidence that syner­
gistic effects occur between several alternative 
mechanisms of decline is now widespread for a 
variety of amphibian species (Fellers et al. 
z.008). As declines have occurred, whatever the 
cause, it is likely that a breakdown of meta pop­
ulation dynamics will contribute to further 
declines as existing populations become more 
and more fragmented, decreasing the opportu­
nity for population rescue via recolonization. 

Status DeterminQtion 

The catastrophic declines in the Lassen area are 
the primary reason for the SSC designation. 
Rana cascadae is nearly extirpated in the Lassen 
region, is undergoing local population declines 
elsewhere in its range. and appears to be sus­
ceptible to a wide range of threats. However. 
this frog is a moderate ecological specialist that 
appears to be relatively stable through much of 
its range, including a significant fraction of its 
range in California. The factors that caused 
declines in the Lassen area appear to not have 
operated in the Klamath area to date, leading us 
to project moderate future impacts on extant 
populations and a Priority 2. status. lf strong 
declines begin to occur in the Klamath area, 
then a higher priority status will rapidly become 
justifiable. 

Management Recommendations 

Fellers et al. (2.008), Pope et al. {2011, 2014), 

and Pope and Larson (2013) provide thorough 
reviews of threats to, and management recom­
mendations for. Rana cascadae, and our recom­
mendations largely follow those of these 
authors. 

Habitat that supports this species in the Las­
sen area should be protected from modification 
that negatively impacts hydrology while further 
research is carried out. Pope et al. (.2ou) began 
some habitat restoration measures, and these 
efforts should be continued (coupled with 
ongoing monitoring to determine their effects). 
Fish removal in key populations has also been 
documented to increase recruitment and 
should be considered as a management strat• 



egy. particularly in the Klamath where a larger 
number of existing populations might be stabi­
lized before dedines can occur. Pope et al. 
(2011) also proposed experimental treatment 
for .Bd in newly metamorphosed frogs. Effective 
treatments for Bd may be essential for the long­
term survival of many amphibian species, so 
these efforts should be further explored and 
potentially implemented if they are successful. 
Al the same time, a captive colony of Lassen­
area R. cascadae should be established. as the 
prospects for long-term survival in the wild 
appears to be low. If additional research can 
determine the causes of the ded i nes and effec• 
tive mitigation measures can be enacted, this 
captive population could eventually form the 
basis of a reintroduction program. 

Monitoring, Research, and Sur~ey Need:; 

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

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

As a reintroduction effort may eventually 
become necessary, it is important to further 
characterize the extent of intraspecific varia­
tion witliin this taxon now, before additional 
declines occur. Preliminary genetic work has 
been initiated, and it sl1ould form the basis of 
additional work that examines fine-scale popu­
lation differentiation and structure. The obvi­
ous initial focus of such genetic work should be 
to assess the validity oft he Lassen and Klamath 
regions as separate evolutionary units requir­
ing their own management strategies. This 
work will also help to identify any potential 
population segments within either region that 
may qualify for independent management. 
Finally, additional studies that quantify the 
interactive effects among different causes of 
declines would b£, useful in providing a more 
complete picture of conservation threats in this 
taxon. 
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CALIFORNIA RED-LEGGED FROG 

Rana draytonii Baird and Girard 1852 

Status Summary 

Rana draytonii is a Priority I Species of Special 
Concern, receiving a Total Score{fotal Possible 
of76% (84/no). During the previous evalua­
tion, it was also considered a Species of Special 
Concern (Jennings and Hayes 1994a), and it 
has been listed as federally Threatened since 

1996. 

Identification 

Rana draytonii is a relatively large (2.5-13.8 cm 
SVL) brown, gray, olive, or reddish-brown frog 
{Jennings and Hayes I994a, USFWS 2002, 

Stebbins 2003). Promine11t dorsolateral folds 
are usually present. Many small black Reeks 
and larger irregular blotches are present on the 
back, and these occasionally form a network 
(Baird and Girard 1852). The larger black spots 
on the back often have a whitish or light center. 
The ventl'al surface is whitish or cream with 
extensive gray or black mottling, often overlain 
with red or reddish•orange coloration, particu­
larly in the groin (Baird and Girard cSp. Steb-
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bins 2003). In general, the red coloration in 
this species is individually and ontogenetically 
variable, with the undersides of the feet almost 
always red in adult animals. although the extent 
of red elsewhere on the legs and belly varies 

Califomi~ Red-Legged Frog: Ris~ Focto,s 

Ranking Criteria (Maximum Score) Score 

i. Range size {10) s 
ii. Distribution trend (2S) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 7 

v. Ecological tolerance {10} 3 

vi. Population trend (25) 2S 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 7 

Total Score 84 

Total Possible 110 

Total Score/Total Possible 0.76 
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from extensive to absent (S. Barry, pers. 
comm.). The advertisement call is a series of 
low guttural chucks sometimes followed by a 
low groan (Elliott et al. 2.009). 

This species could be confused with the 
northern red-legged frog (R. 1111n>ra) where 
their ranges meet in southern Mendocino 
County {Shaffer et al. 2.004). Rana aurora is 
about 3.5-4.0 cm (SVL) smaller than R. drayto­
nii. generally lacks light areas in the centers of 
dorsal blotches, has proportionally smaller 
eyes, and lacks vocal sacs (Baird and Girard 

185.2, Hayes and Krempels 1986. Stebbins 
2003). 

Tm1'0nomic Relationships 

Raita draytonii was initially described as a dis• 
tinct species, although the original description 
notes that it is similar in appearance to R. 

aurora (Baird and Girard c85~). Subsequent to 
the original description, Camp (1917) reclassi­
fied the two red-legged frogs as subspecies of a 
polytypic R. aurora. This arrangement per­
sisted, occasionally also including the Cascades 
frog (R. ca.scadae) as a third subspecies. until 
the mid-1980s. At this time, a series of studies 
emerged suggesting that a substantial amount 
of differentiation between the two forms was 
present in allozymes, morphology, calling 
behavior. and oviposition behavior. leading sev• 
eral authors to suggest that they may be distinct 
lineages with a broad zone of contact (Hayes 
and Miyamoto c984, Green 1986a, Green 
r986b. Hayes and Kremples 1986}. Subsequent 
analyses of mitochondrial DNA variation sup• 
ported this view but characterized a narrow 
zone of contact in southern Mendocino County 
(Shaffer et al. 2.004). Based on both DNA and 
morphological differentiation, Shaffer et al. 
(2.004) suggested that the two be recognized as 
distinct species, and since then R. droytonii has 
increasingly been recognized as a species dis• 
tinct from both R. auroro and R. cascadae. 

Life History 

Few data are available on seasonal activity pat­
terns, but coastal populations are probably 
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active throughout much of the year due to the 
moderating effect that the Pacific Ocean has on 
temperature. The timing of reproduction varies 
from year to year and according to site but 
occurs from late November to late April (Storer 
192.5, Fellers 2005b). Breeding occurs in the 
water, and eggs are attached to emergent vege­
tation (in clusters of 300 to >4000; Storer 192,5, 

Hayes and Miyamoto 19&4). Hatching occurs 
in 6-14 days depending on water temperature. 
after which larvae metamorphose in 3.'.)-7 
months (Storer 1925, Wright and Wright 1949). 
Larvae are known to overwinter at several sites. 
metamorphosing the following spring (Pellers 
et al. 2.001). Rana draytonii is a generalist pred­
ator that feeds predominantly on invertebrates 
but has also been documented to take verte­
brate prey including Pacific treefrogs ( Pset,dac• 
ris regil!a). western toads {Bufo boreas). and 
California mice ( Per<'myscus califomicus) ( Hayes 
and Tennant 1985. Arnold and Halliday 1986. 
USPWS 2002. Davidson 2010). The prey types 
taken appear to be determined by the size of the 
frogs, with individual frogs taking most prey 
types that they can successfully swallow {Jen­

nings and Hayes 1994a) and large frogs taking 
proportionally more vertebrate prey than small 
ones. Baldwin and Stanford (1987} reported a 
large adult preying upon California tiger sala­
rmmder (Ambystoma californiense) larvae. Rana 
draytonii feed both in the water and by foraging 
in dense riparian vegetation. Rana draytonii is 
active both diurnally and nocturnally, although 
adults are generally more active at night (Hayes 
and Tennant 1985; G. Fellers, pers. comm.). 

Wading birds, racc,;,ons. and garter snakes 
(Tham11ophis sir1a!is and T. hammot1dii) are 
important native predators on this species 
(Cunningham 1959b. jennings and Ha.yes 
1994a). Nonnative fishes are also important 
predators on larvae and recent metamorphs 
{Schmieder and Nauman 1994, USFWS 1999). 

Habitat Requirements 

Rana draytonii chiefly inhabits ponds, altho\tgh 
it also uses marshes. streams, lagoons, and 
other waterways throughout most of its range. 



In southern California (from Ventura County 
southward) it seems to favor slow-flowing 
streams rather than ponds or pools. Breeding 
takes place primarily in ponds (at least in cen• 
tral and northern California) and less fre­
quently in quiet pools in streams (Stebbins 
2.003. Fellers 2.005b). This species will also uti• 
lize ephemeral water bodies for breeding, 
although nearby permanent water is probably 
required to maintain populations over the long 
term (Jennings 1988a). After breeding, adults 
often disperse along nearby shaded streams. 
Similar to R. boylii, whose vulnerable early life 
stages (embryos and tadpoles) are susceptible 
to ill-timed flow fluctuations controlled by 
upstream dams and diversions, R. dra}1lonii 

populations breeding in stream habitats suffer 
from decreased recruitment after anthropo­
genic perturbation of natural flow regimes (S. 
Kupferberg, pers. comm.). 

Optimal aquatic habitat has traditionally 
been thought to include dense riparian vegeta­
tion overhanging deep (>0.7 m} slow-moving 
pools {Hayes and Jennings 1988). More recent 
work has documented an additional. more com­
plex relationship between aquatic vegetation 
and introduced bullfrogs. D'Amore et al. 
(2009) documented that R. droytonii spend 
more time in vegetative cover when bullfrogs 
are present and more time in the open when 
bullfrogs are removed from ponds, suggesting 
that the optimal amount of vegetation is some­
what context-dependent for R. dra)•fot1ii. In 
addition, surveys of 85 ponds occupied by R. 
draytonii in the East Bay Regional Park District 
showed that there were no significant differ­
ences in adult frog density among ponds with 
0%, :.15%, or >15% emergent vegetation, but 
tadpoles and meta morphs were more abundant 
in the most open ponds {Bobzien and DiDo• 
nato 2.007). Outside of the breeding season 
when conditions are wet, and especially during 
rainfall, adult frogs will disperse from the 
breeding habitat and will move to upland sites, 
where they are often found under logs. rocks. 
and other debris (USFWS 2002, Bulger et al. 
2003. Fellers and Kleeman 2007}. At some 

sites:, populations appear to consist of both 
migratory (11- 22% of the adult population} 
frogs that move 200-2800 m and resident 
frogs that remain at the breeding site (Bulger et 
al. 2003}. Fellers and Kleeman (2007) fouttd 
that adult female frogs were more frequently 
migratory than males, although migration 
behavior did not differ between the sexes 
among those individuals thal did migrate. 

Distribution (Past and Preseni) 

Historically, Rima drayionii ranged throughout 
the Sierra Nevada foothills and the Coast Range 
mountains south of Elk Creek in southern 
Mendocino County, Califurnia, southward to 
the Arroyo Santo Domingo, Baja California 
Norte, Mexico (Hayes and Krempels 1986, Jen­
nings and Hayes 1994a, Grismer 2002, Shaffer 
et al. 2004}. In California, this taxon histori­
cally ranged through at least 46 counties, but it 
is now apparently extirpated from 2-4 of these 
(USFWS 1996). It is unclear whether reproduc­
tive populations of R. draytonii were present in 
most of the Central Valley, and it is possible 
that the few valley records represent waifs 
washed downstream from Sierran populations 
(G. Fellers, pen,. comm.; S. Barry. pers. 
comm.}. If they were present in the Central Val­
ley, they were extirpated before 1960. Popula­
tions in the Sierra Nevada may have been con­
nected to the largest remaining populations of 
the species in the Coast Ranges through the 
lower Cascade and Tehachapi Ranges {S. Barry, 
pers. comm.), but today they are isolated 
{USFWS 2.002). A recent comprehensive sur­
vey of museum specimens and histori<:al 
records identified 21 histo1ical localities for this 
species in the Sierra Nevada. Follow-up surveys 
at 20 of these 2.1 sites found that the species 
persists in large numbers in at least I site, there 
are populations at 6 additional sites. and at least 
a single individual documented at 3 more sites 
(Barry and Fellers 2.013). 

Strong overall declines have dearly occurred 
across most of the large range of this species. 
particular1y in the southern portion of the 
range. 1n the Bay Area and Coast Ranges, 
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populations are more robust. although severe 
localized declines have been documented 
(reviewed in USFWS 2002). In southern Cali­
fornia, R. draytonii has declined drastically 
through the Transverse and Peninsular Ranges. 
and very few populations now persist in Los 
Angeles, Riverside, and Ventura Counties 
(USFWS 2002, and references therein). One 
population is known from Santa Cruz Island, 
although this apparently is an introduction 
(Sweet and Leviton 1983, Jennings 1988b). The 
known elevational range of R. draylonii occurs 
from near sea level to 1500 m, although most 
populations occur below 1050 m ( USFWS 2002., 
Barry and Fellers 2or3). Some higher-elevation 
populations may be introductions (unpublished 
data reported in Jennings and Hayes 1994a). 

Trends in Ab1.mdance 

Drastic and ongoing declines have been docu­
mented throughout parts of this species' range. 
Many of these declines have resulted in extirpa­
tion of populatiotts, and in many areas where 
this taxon persists, declines in abundance have 
occurred. Food market collection in the late 
1800s apparently drove much of the initial 
declines {Jennings and Hayes 1985). By 1879. 
the species had already become rare around 
San Francisco due to the market trade (Lock­
ington 1879). Population trends of the species 
in the Sierra Nevada foothills are somewhat 
unclear. since several new. large (>roo breed­
ing adults) populations have recently been dis­
covered (e.g .. in Placer County). However, in 
southern California, population densities are 
uniformly low (<25 adults frogs) and generally 
declining {USF\VS 2002). The sole remaining 
population known in Riverside County at the 
Santa Rosa Plateau, which was at least some­
what genetically distinctive (Shaffer et al. 
2004), is now extirpated. 

Nature and Degree of Threat 

The largest threat facing Rana draytonii is prob­
ably habitat loss and alteration, resulting from 
urbanization and ag1iculture. The large-scale 
conversion of habitat to agricultural uses has 
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also resulted in an increase in pesticide expo­
sure, which may have strong negative impacts 
on this species (Davidson et al. 2002.). This 
effect is particularly strong for cholinesterase­
inhibiting pesticides (Davidson 2004), 

although the species still persists in some heav­
ily agricultural settings in Monterey and Santa 
Cruz Counties. Additional and ongoing frag• 
mentation of habitats, conversion of wetlands to 
other uses, and modifications to the hydrology 
of wetlands also likely have detrimental 
impacts. 

The effect of introduced species, in particu­
lar bullfrogs, has been studied both empirically 
{Moyle 1973) and from a modeling perspective 
{Doubledee et al. 2003). There is a strong over­
all negative impact of bullfrogs on native R. 
drtwtonii, although coexistence of the two spe­
cies can occur in nature. Human-modified 
aquatic and terrestrial habitats in central Cali­
fornia (Elkhorn Slough. Monterey County) favor 
introduced bullfrogs compared to native R. dray­
tonii (D'Amore et al. 2010). The bullfrog is also 
a strong competitor with, and predator on, mul­
tiple life stages of R. draytotiii. In addition, cray­
fish. mosquitofish (Lawler et al. 1999). and 
other introduced predaceous fishes likely have 
negative impacts on this species, although this 
also needs further study {Hayes and Jennings 
1986, Fisher and Shaffer 1996, Fellers 2.005b). 

Chytrid fungus (Bd) is known to have 
caused serious declines in many amphibian 
species and has been detected in R. draytonii in 
nature. However, the direct impact Bd has on R. 
droytonii appears to be relatively slight. ltt a 
laboratory setting, R. draytonii is susceptible to 
chytrid infection, but frogs can clear their ittfec­
tions. do not die from the infection. and suffer 
no growth consequences when they have access 
to unlimited food (Padgett-Flohr 2008). In 
nature, across a landscape of ponds where Bd 
presence and absence fluctuated between wet 
and dry years, R. draytonii were generally unin­
fected and found to be significantly associated 
with uninfected ponds (Padgett-Flohr 2oto). 

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



other pond- and stream-breeding amphibians. 
In particular, warmer average temperatures. 
generally reduced levels of precipitation. and 
increased variability in the timing of rainfall 
are all predicted to occur (PRBO 2011}. While 
the precise effects of these shifts will vary 
regionally and at the watershed level, the per­
manence and reliability of breeding sites are 
generally predicted to decrease under climate 
change predictions. 

Staius Deierminatiori 

Rana dmytonii automatically q,1alifies as a Spe­
cies of Special Concern because it is listed 
under the federal but not state Endangered Spe· 
cies Act. However, sharp declines in both range 
and abundance. coupled with a variety of ongo• 
ing threats to long-term survival. also wmhine 
to warrant a Priority 1 Species of Special Con­
cern status. 

Managemem Recommendations 

Management of Rana drayto1iii should mirror 
the guidelines in the USFWS recovery plan for 
this taxon (USFWS .2.002). As further manage­
ment needs are defined and e,cisting manage­
ment strategies are refined (through 5-year 
reviews or other avenues). state-level manage­
ment should be adjusted accordingly. 

The most important management needs for 
this taxon currently are the protection of habitat 
that supports the species, reduced pesticide 
exposure, and elimination of nonnative preda­
tors. Land conversion and additional fragmen­
tation should be avoided wherever possible, and 
adequate, complex upland habitat should be 
available in order to allow migration to occur 
naturally. Fellers and Kleeman (2007) found 
that the median distance of movement away 

from breeding ponds was 150 m and that there 
were some long-distance movements up to 
1400 m. Unpublished radiotelemetry observa­
tions from the East Bay Regional Park District 
(S. Kupferberg, pers. comm.) demonstrated 
that ground squirrel burrow density, some­
times more than 100 m from the aquatic habi­
tat, was also a key component of habit.at quality. 

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

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

Monitorir1g, Research, and Survey Needs 

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

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

Additional monitoring, research, and survey 
needs are covered in depth in the USFWS 
recovery plan for this taxon. We refer the reader 
to this document for more information 
(USFWS 2.002.). 
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NORTHERN LEOPARD FROG 

Rana pipiens Schreber 1782 

Status Summary 

Rana pipiens is a Priority I Species of Special 
Concern. receiving a Total Score/Total Possible 
of 73% (80/rro). During the previous evalua­
tion, it was also designated as a Species ofSpe• 
cial Concern (Jennings and Hayes 19943). 

Identification 

Rana pipk;ns is a medium-sized ranid frog with 
strong, continuous dorsolateral folds that do 
not angle inward posteriorly. hs dorsal colora• 
tion is green to brown with large well.defined 
black or dark-brown oval or round spots. Each 
spot is ringed with a narrow band of white or 
cream. The ventral coloration is white or cream 
with no mottling or other dark markings (Steb­
bins 2003). The call is a low, snore-like trill, 
often followed by low chuckling and/or grunts 
(Stebbins 2003, Elliott et al. 2009). 

Within its range in California, this species 
can potentially be confused with the Oregon 
spotted frog (R. pn:tiosa). However, R. prttiosa 
has much smaller, more irregular spots, which 
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often have diffuse borders and are not ringed in 
white. rt also has conspicuous red or salmon 
markings on the underside, which R. pipiens 
lacks. Other members of the leopard frog com­
plex in California, the lowland leopard frog 

Northern Leopard f'rog; Risfc faclars 

Ranking Criteria (Maximum Score) Sc<1re 

i. Range size (10) 10 

ii. Distribution trend (2S) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 0 

vi. Population trend (2S) 20 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10) 10 

Total Score 80 

Total Possible 110 

Total SoorejTotal Possible 0.73 
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(R. yavapaie,uis) and the Rio Grande leopard 
frog (R. berlimdieri). have dorsolateral folds that 
are discontinuous and angle inward posteriorly. 
In addition, both are yellow ventrally. The Cas­
cades frog ( R. cascadae} has more numerous, 
small, irregular black dots that are not ringed 
in white. 

TaA·onomic Relationships 

The taxonomic history of the leopard frog spe­
cies complex, and Rana pipiens in particular, is 
complicated (Hillis 1988} and remains incom­
pletely understood, The name R. pipiens previ­
ously included all members of the leopard frog 
complex from Canada south to Panama. includ­
ing R. yavapai.msis, also native in California, 
and the introduced R. berlandieri. However. 
this concept of a single wide-ranging leopard 
frog species changed in the last several dec­
ades. and over a dozen spe<:ies are recognized at 
present. The current taxonomy of the R. pipiens 
complex was initially based on variation in 
morphology and vocalizations (Pace 1974). 
Subsequent work including molecular analyses 
recognized several additional taxa and clarified 
relationships among the contained species 
(Platz and Mecham 1979. Hillis et al. 1983. 
Platz and Frost 1984, reviewed by Hillis 1988). 

Frost et al. (2.006a) recommended placing 
this species and many other North American 
ranids in the genus Lithobates, although this 
proposal and the analyses that support it are 
controvel'sial (Crother 2009, Frost et al. 2009a. 

Pauly et al. 2009). We retain the traditional tax­
onomy here to maintain stability pending fur­
ther analyses. 

Life History 

No life history data for California populations 
have been published. Because Rana pipiens in 
California are a mixture of introduced and pre• 
sumably native populations (see the "Distribu­
tion" section) and live on the extreme western 
edge of the species' range, we are reluctant to 
use information from more easterly popula• 
tions as a proxy for those that occur in Califor­
nia. In Colorado. breeding occurs during the 
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first spring nights that have relatively "mild" 
temperatures near or above freezing (Corn and 
Livo 1989), and this presumably is also the case 
in California. Tadpoles are present through the 
summer months and are not known to over­
winter. suggesting a late summer or fall meta­
morphosis. Further east, adults and juveniles 
are known to range far from water and breed­
ing sites (Dole 197I), although it is unknown if 
this also characterizes California populations. 
Range-wide, R. pipiens is a generalist predator, 
feeding on a wide variety of arthropods and 
small vertebrates (Knowlton 1944, Linzey 1967, 
Harding 1997). and this presumably also char• 
acterizes the species in California. 

Habitat Requirements 

Despite the paucity of records from California, 
this species is known from a variety of habitats, 
including small streams, rivers. and lakes 
(Storer 1925. Stebbins 1951, Jennings and Hayes 
r994~). Rana pipiens occupies a wide variety of 
habitat types throughout its range. so we are 
hesitant to speculate on microhabitat require• 
ments in California. Generally, the species 
hibernates underwater and requires aquatic 
habitats that do not freeze solid during winter 
(Emery et al. 1972., Licht r991), and this pre­
sumably is also the case for California popula­
tions. Nearby damp upland habitat is utilized 
for foraging during the active season {Dole 
1967). The species h.as been found in a variety 
of open grassy areas and meadows, although 
heavily grazed areas and cultivated fields do not 
appear to be suitable (Pope et al. 2000). In the 
Midwestern United States, the presence of 
q\tality upland foraging habitat seems to affect 
the al>undance of this species. When grass­
lands were restored around suitable pond­
breeding habitat. the density of frogs increased 
markedly (K. Mierzwa, pers. comm .. in Pope et 
al. 2.000). 

Dislribution (Post and Present) 

Outside of California. Rm1a pipiens ranges 
widely across North America, from Nova Scotia 
and Newfoundland. Canada, west to Washing-



ton and Nevada. In California, R. pipiens popu• 
lations that may be native are known from 
Modoc and Siskiyou Counties. the Lake Tahoe 
basin, and the upper Owens Valley (Jennings 
and Fuller 2004). although some workers ques­
tion whether the latter two regions constitute 
natural. as opposed to purely introduced, popu• 
lations (S. Barry, pers. comm.). Numerous 
introductions have occurred throughout the 
state, including some within the putative native 
range. The vicinity of Fallen Leaf Lake in the 
Lake Tahoe Basin is one such example (Bryant 
1917). It is also possible that putatively native 
populations of this frog are all the result of 
human introductions, and determining their 
status is an important research priority. The 
upper Owens Valley supports tiger salamander 
populations that were recently shown to be 
introduced (Johnson et al. 2010}, demonstrat­
ing that similarly distributed nonnative species 
have been established in this region. The tiger 
salamander introductions occurred as a conse­
quence of the fishbait industry {Riley et al. 
2003). which also sometimes sells leopard frog 
tadpoles and adults. 

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

Trends in Abundance 

Trends in abundance for California populations 
of Rana pipitns are difficult to interpret because 
of the uncertainty regarding which populations 
are native or introduced. However, assuming that 
historical California populations are native. 
severe declines have clearly occurred. We are 
aware of only scattered sight records for the spe­
cies over the last two decades. Jennings and 
Hayes {1994a) reported two relatively recent 
sight records in the early 1990s from Siskiyou 

and lnyo Counties. Macey and Papenfuss 
(199ra) reported that leopard frogs occurred on 
the east side of the White Mountains below 
Boundary Peak, though they failed to detect the 
species in follow-up surveys (T. Papenfuss. pers. 
comm.). More recent surveys of historic.al locali­
ties in the Owens River also did not detect this 
species and found that much of the habitat cur• 
rently appears to be unsuitable (Becker and 
Henderson 2010). We are not aware of any pre­
sumed-native populations of this species occur­
ring in the state since these records. Elsewhere in 
its range, R. pipiens has undergone severe 
declines and localized extirpations, particularly 
in the western parts of the United States 

{reviewed by Rorabaugh 2005). 

Nature and Degree a/Threat 

Habitat modification is probably the most 
important threat for Rana pipiens in California. 
Rana pipie11-S forages in upland habitat having 
moderately tall vegetation with a moist sub­
strate. Livestock grazing in these habitats tends 
to reduce vegetation height. which leads to dry­
ing of the substrate, apparently rendering this 
habitat unsuitable for the frog. It is likely that 
this process contributed to the declines 
observed in both the Owens Valley and the 
Modoc Plateau areas where most California 
records for R. pipiens are concentrated. Chang• 
ing hydrology elsewhere in the range has led to 
the extirpation of some local populations {Corn 
and Fogleman c984). Given that California 
populations are at the western range limit of 
the species, projected climate changes may 
have a strong effect in the state. Current mod­
els project warmer summer and winter tem­
peratures, decreases of 8-2.1% of annual pre­
cipitation, and a 34% decrease in snowpack 
(PRBO 2,011). Taken together, these climate 
projections indicate that the moist soil and wet­
land complexes favored by this species will 
probably decrease in the Great Basin of Califor­
nia, further reducing the already sparse habitat 
for this species. 

Some studies have detected significant neg• 
ative impacts from pesticides on R. pipiens, 
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although the importance of this threat in 
nature is not well understood. In other parts of 
their range. R. pipiens are known to be sensitive 
to he1bicides and pesticides used in agriculture 
(Relyea 2008, Relyea and Jones 2009). and 
mixtures of these chemicals can result in 99% 
mortality rates (Relyea 2008). However, the 
evidence on this topic is complex and depend­
ent on the specific chemicals tested. A popular 
herbicide consisting of a mix:ture of glyphosate 
and POEA (commonly marketed under the 
commercial name Roundup(,i)) is one such 
example. Some studies have found limited 
impacts from these chemicals and concluded 
that direct mortality in wild populations from 
this herbicide is unlikely (e.g .. Wojtaszek et al. 
2004), while other studies have found very 
strong direct lethal effects (e.g .. Relyea 2005b). 
When direct lethal effects were not found, sev. 
era! studies demonstrated that chemical con­
taminant~ can have lethal impacts when com­
bined with othe1 stressors (e.g .. predator cues: 
Relyea 2005a) or sublethal detrimental effects 
such as decreased immune system functional­
ity {Christin et al. 2003. Gilbertson et al. 2003, 

Rohr et al. 2008). These seemingly unpredict• 
able effects of agrochemicals may depend on 
specific populations and conditions in a local 
area {Relyea 2005b). Although these results are 
both complex and sometimes contradictory, 
substantial evidence exists that environmental 
contaminants are likely to have significant 
impacts on R. pipiens attd other amphibians in 
California (e.g., Davidson et al. 2,002, Davids,:m 
2004). 

Other potential threats to R. pipiens include 
introduced exotic bullfrogs and predatory fishes, 
and extensive habitat modification associated 
with agriculture (Hayes and Jennings 1986). 

Status Determination 

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

Management Recommendations 

The development of an effective management 
strategy will largely depend on finding remnant 
populations in the state, carrying out research 
on the life history of those specific populations 
to determine their habitat needs, and then tak­
ing a proactive management and habitat restora­
tion approach to recover it in its native range. A 
key first step with any remnant population is to 
determine whether it is native or introduced. 
Researchers can most easily accomplish this 
using DNA markers, and we 1ecommend that 
larval tail tips be collected for any population 
that is discovered. A considerable amount of 
phylogenetic work. particularly using mitochon­
drial DNA markers. has been published for this 
species, and straightforward DNA sequencing of 
California animals should allow them to be 
placed into a phylogenetic conte1't with other 
Rana pipitns from across the species' range. 
This approach was used by Johnson et al. ( 2010) 
and demonstrated that potentially native popula­
tio11s of tiger salamanders {Ambystoma tigrinum) 
were in fact nonnative introductions. If native 
populations of R. pipiens are found, the habitat 
supporting them should be protected in order to 
reduce potential threats such as nonnative pred­
ators, agricultural disturbance, grazing, off. 
highway vehicle use, pesticide applications, and 
changes to local hydrology. If nonnative popula­
tions are found. managers should evaluate their 
potential to spre.1d and pose a threat to other 
native taxa. In certain cases, removal programs 
could be effective at mitigating threats posed by 
nonnative R. pipie1is. 

Monitoring, Re.search, and Survey Needs 

Comprehensive surveys of historical localities 
as well as the Modoc Plateau area, including the 



Goose Lake Basin and the Warner Mountains, 
sh.ould be conducted to determine whether any 
viable populations persist in California and to 
identify areas of potential habitat for ongoing 
surveys. The most recent records for this spe• 
cies come from the vicinity of Owens Valley, 
and all drainages flowing into the valley should 
be carefully surveyed. It is critically importa1tt 
that tissue samples be collected from any extant 
populations that are found so that frogs can be 
genetically characterized with respect to their 
introduced or native status. 

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

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

Finally, if remnant populations are found, 
multi-locus microsatellite or single nucleotide 
polymorphism DNA data should be analyzed to 
estimate the effective population size and 
potential connectivity with other remaining 
populations. Jf populations are determined to 
be native, small. and genetically isolated, R. 

pipittts could be a prime candidate for human• 
mediated translocations to establish new 
populations in currently unoccupied habitat 
patches. 
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OREGON SPOTTED FROG 

Rana pretiasa Baird and Girard 18~3b 

Status Summary 

Rana pretiosa is a Priority I Species of Special 
Concern, receiving a Total Score/Total Possible 
of 0.82 (82/100). During the previous evalua­
tion. it was also designated as a species of spe­
cial concern (Jennings and Hayes r994a) and it 
was listed as federally Threatened in 2.014 

(USFWS 2.014). We are aware of only two 
unverified site records for this species in Cali­
fomia in the last 25 years. 

,dentificalion 

Dorsally, Rana pretiosa is a dark-brown, red­
dish, or greenish frog with black spots or 
blotches (McAllister and Leonard r997), The 
dorsal blotching is usually irregular around the 
edges, rather than sharply demarcated. and has 
a small light spot in the center of the larger 
spots. The venter is usually mottled and has a 
base color that changes from cream white at the 
chin to orange more ventrally ! Dunlap 1955, 
Stebbins 2003). The ventral coloration often 
appears to be superficial or "painted on" (Dun-
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lap 1955. Nussbaum et al. 1983). Like many 
California ranids, this species has a prominent 
light stripe below the eye (particularly so in 
juveniles) and thin dorsolateral ridges that 

Oregon Spotted Frog: Ri$k Factors 

Ranking Cri1eria (Maximum Score) 

i. Range size (10) 

ii. Distribution trend (25) 

iii. Population concentration/ 
migration (10) 

iv. Endemism (10) 

v. Ecological tol.eran.ce (10) 

vi. Population trend (25) 

Score 

10 

20 

10 

0 

7 

25 

vii. Vulnerability to di mate change { 10) Data 
deficient 

viii. Projected impacts (10) 

Total Score 

Total Possible 

Total Score/Total Possible 

10 

82 

100 

0.82 
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dissolve into a series of raised dots two-thirds to 
three-quarters of the way down the back. The 
call consists of a series of faint clicks. repeated 
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. cascadae). 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 frog (Stebbins 2003). Jn addition, 
the underside of the legs are yellow tan in R. 
cascadae (reddish in R. pretiosa), the eyes are 
oriented dorsally when viewed from above in R. 
presiosa (oriented outwardly in R. cascadae), and 
R. prttiosa has full, rather than partial webbing 
between the toes of the rear legs. The Columbia 
spotted frog (.R. luteiventri.s) may also occur in 
California. and it could also be confused with R. 

preliosa {see the "Distribution• section). 

Taxonomic Relationships 

Green et al. (1996, 1997) divided Ra11a pretiosa 
into two species, R. pretiosa and R. liiteiventris, 
based on morphology and allozyme 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 alloz.ymes {Green et al. 
1996) and mitochondrial DNA cytochrome-b 
sequence {Funk et al. 2008). 

Lift History 

No data on life history of California populations 
exist and much of the data from elsewhere in 
the range occurred before the partitioning of 
Rema pretiosa and R. luteiventris. As California 
populations of R. pretiosa are at the e:<treme 
southern edge of the species' range. the timing 
of life history events may occur 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 geo• 
graphically closest to Oregon frogs from the 
Klamath basin. and those populations may 
serve as the best models for California. 

Frogs emerge from hibernation as soon as 
the winter thaw permits (Stebbins 2003) and 
water temperatures rise to about 6•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 1969, Nussbaum et al. 
r983). Egg masses are deposited together in 
large groups in vegetated margins of large per­
manent aquatic habitats. usu.ally 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 temperatures as long as they 
remained beneath the water surface (Bower• 
man and Pearl 2010). Artificially incubated egg 
masses hatch in as few as 72 hours to as many 
as 400 hours. depending on temperature (25°C 

and 1o•c, respectively). followed by metamor­
phosis in approximately 4 months (Licht 1971). 

Males appear to have lower survivorship 
than females, presumably due to the longer 
periods of time that they spend in breeding 
congregations and the resulting exposure to 
pl'edation {Licht 1974, Chelgren et al. 2008). 

Post-metamorphic 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 1986b, Pearl and Hayes 
2.00:2., Pearl et al. 2005b). 

Habitat Req1,1irements 

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



other shallow water sources, but nearby deep 
permanent water Ls always required and serves 
as a refuge for adult frogs during dry parts of 
the year and during drought (McAllister and 
Leonard 1997, Watson et al. 2003). Breeding 
occurs in shallow water with aq\tatk vegetation 
(Licht 1971, Watson et al. 2003). In Oregon, ovi­

position sites occurred, on average, 14.1 m 
(range 0.08-35.0 m) from the shore in water 
that was 18.5 cm deep (range 1-57 cm) (Pearl et 
al. 2009). At one site in Washington, the spe­
cies overwintered in shallow water, where it 
buried itself al the base of emergent plants 
(Watson et al. 2.003). Overwintering in flowing 
springs has also been documented {Chelgren 
et al. 2008). Overland dispersal appears to be 
quite 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 
early spring and late fall to allow inter-habitat 
migrations (Watson et al. 200J). 

The habitat requireme1tts 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 water, is fairly specific and 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 Washington 
where reed canarygrass (Phalari.s arundinacea) 
forms dense stands, Watson et al. (2003) sug­
gested that grazing could help open patches 
and make them suitable for R. pretiosa. How­
ever, grazing also has the potential to reduce 
water 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 pretiosa have been docu­
mented in California. and all known localities 

appear to be extirpated. Historically. R. pretiosa 
occurred in the northeastern corner of Califor­
nia. ranging south to Plumas and Tehama 
Counties and west to the eastern portions of 
Sikiyou, Shasta, and Tehama Counties (Slevin 
192,8). Within this range, the species has been 
found in scattered localities in Modoc, Shasta, 
and Siskiyou Counties (Stebbins 1972, len• 
nings and Hayes i994a), 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 frog was found in a heav­
ily modified area near the town center of Cedar­
ville, in habitat that seems to be unsuitable for 
the 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 a misidentified or human-introduced 
specimen (L Groff, pers. comm.; M. Hayes, 
pers. comm.). It remains possible that isolated 
populations still persist, particularly in remote 
portions of the Warner Mountains and on pri• 
vate land in Surprise Valley, Modoc County. 
Fairly recent surveys in the Warner Mountains, 
Modoc Plateau, and Pitt River drainage failed to 
locate any individuals (Jennings and Hayes 
1994a, Groff 2011}. There is an unverified 
sighting of a "spotted frog" in Surprise Valley 
from November 2008 (L. Gray, pers. comm.), 
but a follow-up survey at this locality revealed 
only Psuc:dacris regilla. A more recent survey 
comprising 18 localities selected using a spe• 
des distribution model for this species did not 
detect R. pretiosa in California (Groff 20n), 

although the southernmost extant locality in 
Oregon is only about 10 km from the state bor­
der. Between 2012 and 2.013, USFWS biologists 
conducted additional surveys at c:,;: sites within 
the Pit River watershed and Warner Mountains. 
Again, no evidence of R. pretiosa was found 
(USFWS-Klamath Falls Field Office, unpub­
lished data, 2013). 

Outside of California, R. preti<Jsa is patchily 
distributed from e,:treme southwestern British 
Columl>ia, south through Washington and 
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Oregon (Green 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). 
Declines are thought to have occurred dispro­
portionately in lowland areas, and over two­
thirds of the remaining pop,dations occur 
along the crest and eastern slopes of the Cas• 
cade Range (Pearl et al. 2.009). 

It is possible that some R. prctiosa in Califor­
nia, particularly those east of the Warner Moun­
tains in Modoc County. could actually be R. 
luteivemris. There are known R. luteivmtris pop­
ulations approximately r6 km north of the Cali· 
fomia border on the eastern slopes of the Warner 
Mountains, making the presence of R. lutcivcn­
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. Oregon. and Puget lowlands, Washington. 
suggest that Rana pretiosa was common in 
those areas around the 1930s. Declines are 
thought to have been occurring for a large part 
of the twentieth century (Dumas 1966, McAl· 
lister et al. 1993, Pearl and Hayes 2005). At one 
time, the species was apparently common 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 (Groff 2011). 

Nature and Degree of Threat 

At least four major factors have likely contrib· 
uted to the decline of Rana pretiosa 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 

116 FROGS AND TOADS 

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 
2011): all of these changes will reduce perma• 
nent wetlands and place increasing demands 
on the remaining aquatic habitat. Second, R. 

pretiosa appears to be sensitive to relatively low 
levels of nitrates and nitrites resulting from 
agricultural runoff (i.e., those meeting EPA 
allowances for drinking water; Marco et al. 
1999). This observation is consistent with the 
precipitous declines observed in lQWland Ore­
gon and Washington populations, which have 
been more heavily impacted by agriculture 
than higher-elevation populations. Application 
of the pesticide DDT was also correlated with 
die-offs in the closely related R. luteiventris in 
northern Oregon (reported as R. preliosa; Kirk 
1988). Third, the species appears to be sensi­
tive to introduced exotic predators. particularly 
bullfrogs and exotic fishes. Some data indicate 
that it is likely more sensitive to the presence of 
bullfrogs titan other native ranid frogs. In areas 
where R. aurom and R. pretiosa are sympatric. 
stronger declines were observed in R. pretiosa 
than R. aurora in areas where bullfrogs have 
invaded (Pearl et al. 2004). Laboratory experi­
ments also demonstrate a differential impact of 
bullfrogs on R. pretiosa relative to R. aurora, 
likely due to R. pretiosa's more strongly aquatic 
life history (Pearl et al. 2004). Bullfrogs have 
also been hypothesized to negatively impact 
small R. pretiosa populations via reproductive 
interference (Pearl et al. 2005c}. In combina­
tion with the well-documented effects of non­
native fishes on western ranid frogs (Adams 
1999, Lawler et al. 1999, Adams 2000, Joseph 
et al. 20n}, this suite of nonnative predators is 
likely to have a strong negative effect on R. pre­
tiosa populations. Finally, Bd has been found to 
be pre~ent in remaining populations of R. pre­
tiosa (Pearl et al. 2007, Hayes et al. 2.009}. 
although experimental work suggests that the 



species may be resistant {Padgett-Flohr and 
Hayes 2.on}. However, given the importance of 
Bd in some anuran declines, further work on 
its impact on R. pretiosa is warranted. 

Civen the rarity of R. preticsQ records from 
California and our lack of historical population 
parameters. it is impossible to differentiate 
between these causes. However, it is reasonable 
to assume that several or all of these factors 
were involved in the decline of the species in 

California. 

Status Determination 

The limited California range of Ra»a pretiosa 
and its apparent extirpation from the few 
known historic 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 we1lands, specialized sub-habitats 
for breeding. hibernation. and growth} make it 
inherently sensitive to declines. Together, these 
factors justify a Priority I designation for this 
species. 

Management Recommendations 

Ongoing management efforts for this species 
should be coordinated lhrough the range.wide 
conservation 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 pretiosa conservation needs and provided 
a detailed roadmap for management of this 
species. Our recommendations largely follow 
theirs. If the surveys outlined below identify 
any remaining populations of this species in 
the state. the wetland habitat suppc,rting the 
population should be protected from fragmen­
tation and modification, including the intro­
duction of exolic fishes and amphibians. Cap­
tive populations of this species should also be 
established to serve as assurance colonies, 
should the last wild populations go extinct. If 
continued surveys suggest that the species is 

extirpated from California. captive breeding 
and reintroduction programs could be initiated 
with Oregon animals if appropriate habitat can 
be identified and protected. Given the very high 
levels of genetic differentiation and population 
structure found among extant Oregon and 
Washington populations (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. 

Monitoring, Research, 011d Survey Needs 

Comprehensive surveys throughout Rana prclio• 
sa·s known historic range should be conducted 
to determine if any populations persisl in the 
state. Surveys of remaining large wetland com­
plexes are particularly important, as are surveys 
of potential habitat on privale property. A recent 
species distribution model (Groff 201I) identi· 
fied and surveyed some, but not all, of the pre• 
dieted localities that may support this species in 
California. and this study provides an excellent 
starting point for additional surveys. Significant 
habitat that has not yet been surveyed remains 
on private property. particularly east of the 
Warner Mountains (although R. lu1eive11tris may 
replace R. pretiosa in this area). The aforemen• 
tioned recent surveys made a particular effort to 
gain access to private land, but permission was 
only granted in approximately 15% of cases 
(Groff 20n). Future surveys should continue to 
build partnerships with private stakeholders and 
survey large wetland complexes on private lands. 
If any populations are found, nonlethal tissue 
samples should be collected so that species iden• 
tilication can be verified with molecular data. 

Should any populations be located. a moni· 
to1ing program in conjunction with life history 
research should immediately be initiated with 
the goal of quantifying population sizes and 
connectivity (if multiple adjacent populations 
are found) and to allow for a better understand­
ing of habitat requirements and causes 
of decline in 1his species. Molecular genetic 
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studies using microsatellite and/or single 
nucleotide polymorphism data from multiple 
nuclear markers can provide valuable insights 
into historical population declines/expansions 

and should be conducted if any native popula­
tions are discovered. In addition, given the very 
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high levels of population structure found 
among extant Oregon and Washington popula­
tions, any California populations should be 
surveyed for genetic variation and integrated 

into the existing species-wide genetic dataset 
(Blouin et al. 2010). 



LOWLAND LEOPARD FROG 

Rana yavapoiensis Platz and frost 1984 

Status Summary 

Rana yavapaiensis is a Priority I Species of Spe­
cial Co11cern, receiving a Total Score/Total Pos­
sible of 74% (63/85). During the previous eval­
uation, it was also considered a Species of 
Special Concern {Jennings and Hayes 1994a). 
Rana }•avapaie11sis has not been confirmed to 
occur in California since 1965 (Jennings and 
Hays 1994a). 

Identification 

Rana yavapaiensis is a medium-sized ran id frog 
(4.6-8.7 cm SVL) with prominent dorsolateral 
folds that are discontinuous and angle inward 
posteriorly (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 2003). A cream-coloredsupral• 
abial stripe is present that fades anteriorly in 
front of the eye (Platz and Frost 1984). 

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

low/ar,d Leopard Frog: Risk Fa~tors 

Ranking Criteria (Maximum Score) 

L Range size (10) 

ii. Distribution trend (25) 

iii. Population concentration/ 
migration (10) 

iv, Endemism (10) 

v. Ecological tolerance (10) 

Score 

10 

20 

10 

0 
} 

vi. Population trend (25) Data 
deficient 

vii. Vulnerability to climate change (10) 10 

viii. Proje<:ted impacts (10} 10 

Total Score 63 

Total Possible 85 

Total Score/Total Possible 0.74 
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difficult. Rana berlandieri attains larger body 
sizes (up to n.4 cm SVl) and has proportion­
ately larger eyes than R. yavapaiemis. Coloration 
of the two species is similar, but R. ya1--apaiensis 
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 2003). Rana berlanditri's call 
consists of a low trill often followed by grunts, 
whereas R. }•iwapaie11sis calls with higher­
pitched notes that are given in rapid succession, 
often followed by lower-pitched chucks (Steb­
bins 2003, Elliott et al. ;,,009). Given that there 
are no known extant R. yavapaiensis localities 
remaining in California and that it is similar in 
appearance to the nonnative species R. bcrland­
ieri, positive identifications should be made cau­
tiously. The species are readily distinguishable 
using molecular data (Hillis and Wilcox 2005, 

Frost et al. 2006a), which should he used to 
confirm any potential R. yavapaiensisspecimens 
from California. 

Taxonomic Relationships 

Rtina yavapaieiisis was recognized as a distinct 
species in the leopard frog complex primarily 
on the basis of morphology, reprnductive isola­
tion, and allozyme variation (Platz and Platz 
1973, Platz 1976, Platz and Frost 1984). The 
species is morphologically similar to other spe• 
cies ofleopard frogs in the southwest. Jaeger et 
al. (2001) distinguished relict leopard frogs (R. 

onca) from R. yavapaiensis using genetic and 
morphological data. Based on a mitochondrial 
DNA dataset, Hillis and Wilcox {2005) con• 
firmed a close relationship between these two 
species to the exclusion of other lec,pard frog 
taxa, including several geographically nearby 
members of the complex. 

Frost et al. (;,,oo6a) recommended placing 
this species and many other North American 
ranids in the genus Lithobates. although this 
proposal and the analyses that support it are 
controversial (Crother 2.009, Frost et al. 2.009a, 

Pauly et al. 2009). We retain the traditional tax­
onomy here to maintain stability and pending 
fort her 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 (Stebuins 1972). and 
breeding has been documented to occur from 
late December through March in California 
(Storer 192.5, Ruibal 1959). Elsewhere in the 
range, breeding has been documented from 
October to April (Platz and Platz 1973, Collins 
and Lewis 1979, Frost and Platz 1983, Sartorius 
and Rosen 2.000). The reproductive biology of 
R. y1wapaiensis has only been studied in Ari· 
zona. There, the species is known to experience 
at least two reproductive peaks within a year 
( once in the fall, once in the winter or spring}, 
and tadpoles may overwinter (Collins and 
lewis 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 year­
to-year fhtctuations in popitlation size through­
out its range (Clarkson and Rorabaugh 1989, 
Sredl et al. 1997, Sartorius and Rosen 2000), 

which renders isolated populations susceptible 
to extirpation. This also makes it difficult to 
confirm the absence or extirpation of popula• 
tions with single-year surveys. emphasizing the 
importance of multiyear surveys for this 
species. 

Hobitot Rllquirements 

Habitat requirements for Ranti yavapaiensis are 
poorly understood, 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 1925. Steb­
bins 1972.). The species has been found predom­
inantly in marshy areas with bulrushes, cattails, 
and grasses with a willow overstory (Storer 192.5, 
Jennings and Hayes 1994a, Jennings and Hayes 
19941>}, but it is unknown whether this vegeta• 
tion type is required for population persistence. 
The species also expanded into artificial canals 
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and ditches in the Imperial Valley as agriculture 
developed in the region (Storer 1925, Klauber 
1934), as is the case currently for R. berlandieri 
in Imperial County. It is unknown whether R. 
}'a1•apaiensis can persist in tl1ese artificial habi­
tats or whether they represent non-sustaining 
sink habitat requiring immigrants from nearby 
source populations. 

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

Disuibution (Past and Pre.sen~} 

No extant populations are presently known in 
California {Jennings and Fuller 2004). The dis­
tribution of Rana yavapaiensis was historically 
patchy, even before recent declines. In Califor­
nia, the species was historically present in suit­
able habitat along the Lower Colorado River, the 
Imperial Valley, and the San Felipe Creek 
drainage (Platz 1988. Stebbins 2.003). Outside 
of California, the species historically ranged 
along the Lower Colorado River from northern 
Mexico to Arizona. from near sea level to 1700 

m (Platz and Frost 1984. Platz 1988, Jennings 
and Hayes 1994a. ,ennings and Hayes 1994b, 
Stebbins 2003). The last confirmed record in 
California is from t965 in an irrigation ditch 
east of Calexico, Imperial County {Jennings 
and Hayes 1994a). 

Trends in Abundance 

Severe declines have occurred throughout the 
known California range of Rana yavapaiensis, 
and currently there are no known extant popu• 
lations. Repeated surveys since 1965 have failed 
to locate this species (Vitt and Ohmart 1978, 
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Clarkson and Rorabaugh 1989, Jennings and 
Hayes 1994b). In addition, in 1976 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, pers. comm.}. Rana y,wapaiensis also 
appears to be declining through parts of its 
range outside of California (Clarkson and Rora­
baugh 1989. Stebbins 2003). 

Nature and Degree of Threat 

The declines in Rana yavapaiensis occurred 
before extensive colle<:tions were made or stud­
ies were carried out. As a consequence, threats 
to this species in California are poorly under• 
stood, with few actual data supporting any of 
the potential threats considered here. Possible 
threats that conlributed to its decline include 
direct impacts from agricultural runoff. which 
has been shown to be highly detrimental to 
other species in the leopard frog complex (Rel• 
yea 2008), habitat alteration, including water 
availability and/or flow regimes (Hayes and 
Jennings 1986), and predation by or competi• 
tion with introduced bullfrogs. predaceous 
fishes, and invertebrates (Clarkson and Rora• 
baugh 1989). Some recent declines in the 
closely related R. 011ca appear to be linked to 
encroachment of dense emergent vegetation 
into open water habitats (Bradford et al. 2.004). 

and this process rould plausibly also affect R. 
yavapaiensis. All of these factors were occurring 
simultaneously within the range of R. yavapai­
ensis along with declines, making it difficult to 
disentangle their effects {Hayes and Jennings 
1986). ln addition, over r3.ooo km of ditches in 
the Imperial Valley were burned and subse­
quently sprayed with oil during this time, and 
this presumably adversely affected these frogs 
(Twining and Hensley 194}), 

Chytridiomycosis has been dcxumented as 
contributing to declines in R. yavapaiensis pop• 
ulations in Arizona (Bradley et al. 2002), and 
this disease is a concern for any remaining 
California populations. An additional co1tcern 
is the possibility of competition or hybridiza• 



tion with R. berlandieri in California. Ra11a ber• 
la11dieri was introduced into California well 
after R. yavapaie:nsi.s declined !Platz et al. 1990). 

so it is presumably not involved in the initial 
decline of the species. However, as it continues 
to expand its range in southern California, R. 
berlandieri may pose a risk to any remaining R. 
yavapaiensis populations (Rorabaugh et al. 
2002). Hybridization has been documented 
between other species pairs of the leopard frog 
complex, including rare natural hybridization 
between R. yavapaiensis and the Chiricahua 
leopard frog (R. chiricahuen5is) (Platz and Frost 
1984). Molecular phylogenic analyses suggest 
that R. berlandieri is more closely related to R. 
yavapaiensis than to R. chiricahuwsis, implying 
that natural hybridization between R. berkmd• 
ieri and R. yavapaiensis may be possible. 
Because R. berlandieri is now far more common 
in California than R. ycwapaie11sis, ongoing 
hybridization, should it occur, may result in 
genetic swamping of any remaining 
populations. 

Siatu5 Determination 

Rana yavapaiensis 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 e.xtirpated 
statewide. However. it remains possible that the 
frog is present in scattered isolated localities 
that have not been surveyed, or that frogs have 
gone undetected despite surveys. 

If any populations persist. it is likely that 
they are vulnerable to the causes of initial 
decline throughout most of the California 
range of this species. Such populations, which 
are almost certainly small and/or isolated, 
would also he vulnerable to the natural fluctua• 
tions in population size that occur in this spe• 
cies. This natural vulnerability could be exacer• 
bated by changing precipitation regimes in the 
southeastern part of California, where increas­
ing temperatures, declines in precipitation, and 
greater year-to-year variation in rainfall are 
expected to occur due to climate change (Cayan 
et al. 2.008b, PRBO 2011). 

Management Recommendations 

If new surveys locate remaining populations of 
this species, the habitat supporting these frogs 
should be protected while further study is car• 
ried out. Without a better understanding of this 
species' life history in California, establishing 
an effective management program will be dif.. 
ficult. If native California populations are not 
found, Ra1ta 1•avapaierisis 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 eliminated. More generally, such 
future introductions should be attempted in 
habitats that are as pristine as possible, and are 
free of introduced anurans of any species, intro­
duced predatory fishes (including mos­
quitofish). and pathogenic fungi. 

Monitoring, Research, and Survey Needs 
Survey efforts need to be renewed along the 
San Felipe Creek drainage. the Imperial Valley. 
and the Lower Colorado River. Although the 
most likely areas for remnant populations are 
those that have been the least impacted by agri­
culture and development, even degraded agri• 
cultural habitat can be utilized by Rana yava­
paie1isis, and therefore should be surveyed. 
Because populations are prone to large yearly 
fluctuations. surveys should be repeated over 
multiple years in both the wet and dry seaso11s. 
Surveys for larvae should also be undertaken 
since tadpoles are oflen 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. yaVll• 

paiensis populations should be confirmed using 
3 set of molecular markers. both to firmly 
establish species identity and to check for 
hybridization between R. yavapaiensis and R. 

berlandieri. Because hybridization is a concern, 
both mitochondrial and nuclear markers 
should be used. Given the difficulty in distin­
guishing the two species. we recommend that 
populations of presumptive R. btrlandieri be 
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sampled for genetic material using nonlethal 
means (such as toe c.lips} and checked for diag• 
nostic molecular markers to confirm that no 
native R. yavapaie:nsis 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 partic\1lar focus on habitat suitability 
should be undertaken on any populations that 
are located or reestablished. 



COUCH'S SPADEFOOT 

Scaphiopus couchii Baird 1854 

Stoius Summary 

Scaphiopus couch ii is a Priority 3 Species of Spe­
cial Concern, receiving a Total Score/Total Pos­
sible of 56% (6:z/110). During the previous 
evaluation, it was also considered a Species 
of Special Concern {Jennings and Hayes 
1994a). 

/dentificoiiM 

Sc:aphiopus couchii is a medium-sized (5.7-9.1 
cm SVL) anuran with a black keratinized spade 
on the heel of each hind foot and a vertically 
elliptical pupil (Stebbins 2003). The .iorsal col­
oration is variable, ranging from green or 
greenish-yellow to brownish-yellow with a pat­
tern of darker markings forming lines. spots, 
or a reticulating network (Grismer 2002, Steb• 
bins 2003). Males are generally greener and 
have less conspicuous dorsal patterning than 
females (Grismer 2002, Stebbins 2003). The 
ventral surface is whitish (Grismer 2002). The 
call is a short (-1 s) low groan that declines in 
pitch and has been described as sounding simi• 

far to the bleating of a sheep (Ellio1t et al. 
2009). Within its range, S. couchii can be dis­
tinguished from all other frogs by the presence 
of a conspicuous black spade on the hind feet 
and a vertically oriented pupil. Specimens that 

Cou,h's Spadefoot: Risk Faclors 

Ranking Criteria (Maximum Soore) 

i. Range size (10) 

ii. Distribution trend (2S) 

iii. Population concentration/ 
migration (10) 

Score 

10 

0 

10 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 10 

vi. Population ttend (2S) 15 

vii Vulnerability to climate change (10) 10 

viii. Projected impacts (10) 7 

Total Score 62 

Total Possible 110 

Total Score/Total Possible 0.56 
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have been unearthed from burrows, or have 
newly emerged, may be covered in a dark hard· 
ened layer of skin that soon sloughs off (May­

hew 1965). 

Taxonomic Relationships 

ScaphioptiS co"chii was initially described based 
on morphology, and its distinctiveness has not 
been questioned since this time (Baird 1854). 
lntraspedfic variation has only been examined 
in a small portion of the rattge in Arizona and 
New Mexico (Chan and Zamudio 2009}. Little 
genetic structure was observed among the 
populations studied. 

Life History 

Scaphiopus co11chii is xeric-adapted and prima­
rily fossorial, spending the majority of its life in 
self-constructed burrows and emerging only 
during and immediately after intense summer 
rains (Mayhew 1965, Mcclanahan 1967. Steb­
bins 2003). This species has been found to be 
active on the surface after summer monsoon 
rainstorms in August and September, but not 
after winter rainstorms in October. December, 
or f anuary (Mayhew 1965), suggesting that the 
activity period is limited to the summer in Cali• 
fornia as it is throughout the rest of its range. 
However. California differs from the rest of the 
range in that it receives the majority of its rain­
fall during the winter, suggesting that little 
local adaptation has occurred in this species 
(Mayhew 1965). Outside 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 no recent rainfall has occurred (Mayhew 
1962). 

Emergence behavior is elicited by the low­
frequency sound of rain falling on the desert 
soil, not from the rain itself (Dimmitt and 
Ruibal 1980a). Frogs emerge from deep (20-

90 cm) burrows on the first night following the 
first heavy summer rain (Shoemaker 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, although much of this time is 
also spent in shallow (2.-10 cm) burrows, which 
the frogs dig to avoid desiccation ( Dimmitt and 
Ruibal 1980a). One feeding event can likely 
provide enough energy to allow an individual to 
persist for at least one year (McClanahan 1967, 
Dimmitt and Ruibal 1980b). Females deposit 
their eggs in ephemeral pools that form follow­
ing intense summeT rains {Woodward 1982). 
The development rate of this species is remark­
ably fast, with eggs hatching in as little as one 
day and metamorphosis occurring within 8-10 

days if sufficient food is available (Mayhew 

r965. Newman 1989. Morey and Janes 1994). 
Tadpoles are tolerant of a wide range of water 
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 undergroimd in sub­
optimal years {Mayhew 1962}. 

Habilat Requirements 

Scapliiopus co1'chii requires soils that are soft 
enough to allow burrowing. The species 
appears to prefer areas that contain at least 
some vegetation, although burrowing in com­
pletely open areas is also known {Mayhew 1965. 
Mcclanahan r967). This taxon also requires 
the presence of temporary desert rain pools 
that retain water for at least 8 days to allow suf­
ficient time for metamorphosis. The area in 
California in which S. couchii occurs receives 
an average of about 6.5 cm of rainfall per year, 
a11d its fine-scaled distribution may be linked to 
the amount of runoff that collects in localized 
areas (Mayhew 1965). The distances traveled 
between upland retreats and breeding sites are 
not known, nor are the precise terrestrial habi­
tat requirements of adults or juveniles. 

Distribution (Past and Present) 

Scaphiopus coucliii ranges throughout much 
of Texas, Mexico. southern Arizona, and 
southern New Mexico, from near sea level to 
1800 m (Stebbins 2.003). Scattered, localized 
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populations also occur in central Arizona and 
southern Colorado (Stebbins 2003). In Califor­
nia, this species ranges from the Colorado 
River west at least to the vicinity of the Algo­
dones Dunes, ranging as far north as Cheme­
huevi Wash (-9 km north of Vidal Junction) 
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 populations are 
extant in this area. 

This taxon's range in California is likely rel­
ictual from more mesic periods and is probably 
more fragmented now than it once was (May­
hew 1965). This species was not known to 
occur in the state until 1962 (Mayhew 1962., 

Tinkham 1962), and no significant declines 
have been documented since that time. 

Trends in Abundance 

No historical or current abundance data are 
available for this taxon within California. 
Human activities have both created 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 the species across 
California. 

Nature and Degree of Threat 

Scaphiopi~s couchii is likely persisting closer to 
its physiological limits in California than it is 
elsewhere within its range (Mayhew t965). The 
California range is b,>th hotter and drier than 
most of the rest of the range, and most of the 
limited rainfall occurs outside of the monsoon, 
during a time when S. co11chii is usually inac­
tive. The current populations in California 
likely persist due to the presence oflocal 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 
Dunes and pools that form along desert washes. 
The relatively fragmented nature of the spe<::ies' 
California distribution and the physiological 
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conditions under which it lives make it suscep­
tible to localized extirpations due to hal>itat 
modification that destroys temporary pools and 
due to the effects of climate change. Recent 
models (PRBO 2011) indicate that average tem­
perature will increase significantly, by more 
than .2.•c in most months in the Sonoran/Colo­
rado Desert of California. Given that S. coucliii 
may already be near its physiological tempera­
ture limits, this may have an enormous impact 
on its viability in the state. ln addition, some 
precipitation projections include an overall 
decrease of up to 45% (PRBO 2ou), and 
increased variation in year-to-year precipitation 
(Cayan et al. 2008b), which could have severe 
detrimental impacts on this spec.i.es by decreas­
ing the number of years in which. enough rain­
water collects to allow breeding. Essentially, if 
the interpretation is correct that the California 
population exists at the physiological limits of 
the species' capacity, then predicted changes in 
rainfall and temperature may seriously reduce 
its range in the state. 

Off-highway vehicle usage in the Algodones 
Dunes has degraded habitat in m:my areas (R. 
Fisher, pers. comm.). Noise generated by off­
highway vehicle usage has been implir.ate<l in 
eliciting emergence in this species by mimick­
ing the sound of falling rain that it uses as an 
emergence cue ( Brattstrom and Bondello 
1979}. Temporary and permanent attthropo­
genic water sources associated with livestock 
(cattle ponds) and perhaps agriculture may 
help to provide suitable breeding habitat that is 
important to the persistence of this species. 

Status Determination 

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

Management Recommendations 

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



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

Monitoring, Research, and Survey Needs 

Range-wide surveys need to be undertaken for 
this taxon to identify suitable remaining habi­
tat, determine the sizes of extant breeding 
populations, and to further characterize the 
species' range in California. To our knowledge, 
tlte northernmost population al Chemehuevi 
Wash has not been resurveyed since its original 
description in 1962 (R. Fisher. pers. comm.). 
and this is an important area in need of sur• 
veys. As the species distribution in California is 

patchy, largely in remote regions of the state, 
and given that the species does not emerge 
every year, care should be taken to search desert 
pool habitats even in areas whe1e this anuran 
has not yet been documented. Surveys should 
ideally take place during the first night follow­
ing the first major summer (monsoonal} rain 
event. Surveyors should be experienced with 
this frog's call (Elliott et al. 2009). as this will 
likely be the easiest way to find 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, particularly so in California 
where 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 tolerated 
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 
between population size and pool basin size, 
inundation duration and frequency, and the 
movement frequency of animals between 
breeding sites would all be valuable for future 
management considerations. Additional infor• 
mation on habitat use itself, including the 
extent that ongoing railroad and water diver­
sion projects within the range subsidize or 
detract from potential habitat for this species, is 
also a critical research need that would inform 
ongoing management of this species. 

Finally. given the spotty distribution of the 
species and the potential for genetic isolation 
among sites, multi-locus populatiott genetic 
studies using microsatellites or single nucle• 
otide polymorphisms of all extant California 
populations would provide a badly needed esti· 
mate of the extent to which populations are 
subdivided and therefore the optimal manage• 
ment strategies to protect genetic diversity. In 
addition, given how widespread the species is 
across the southwestern United States, genetic 
data comparing the uniqueness of the Califor­
nia population is essential for range-wide 
management. 
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WESTERN SPADEFOOT 

Spea hammondii (Baird 1859) 

Siatus Summary 

Spea hammcndii is a Priority r Species of Spe• 
cial Concern, receiving a Total Score/Total Pos• 
sible of 69% (76/uo). During the previous 
evaluation. it was also considered a Species of 
Special Concern under the name Scaphiopus 
hammo11dii {Jennings and Hayes 1994a). 

Identification 

Spadefoot toads as a group have catlike eyes 
with vertical pupils, a single black spade on each 
hind foot. and indistinct paratoid glands (Steb­
bins 2003). Spea kammo11dii is dusky green or 
gray dorsally, often with irregular markings 
(Stebbins 2003). Tubercles on the skin are 
tipped with orange or red. and the irises are 
usually pale gold (Jennings and Hayes 1994a, 
Stebbins 2003). The ventral surface is white to 
light gray without markings (Stebbins 2003). 

Adults are 4-6 cm SVL (Stebbins 2003). Larvae 
can reach approximately 7 cm in Tl and their 
eyes are set close together when viewed from 
above (Stebbins 1,003). This species is unlikely 
to be confused with other sympatric anurans. 

Taxonomi~ Relationships 

North American spadefoots have had a confus­
ing taxonomic history. Studies using allozymes 
and morphology (Wiens and Titus 1991) and 
mitochondrial DNA (Garcia•Paris et al. 200,) 

support the species status of Spea hammo11dii. 

Westem Spodefoot: Risk f'o,tors 

Ranking Criteria (Maximum Score:) 

i. Range size (10) 

ii. Distribution trend (25) 

iii. Population concentration/ 
migration (10) 

iv. Endemism (10) 

v. Ecologkal tolerance (10) 

vi. Population trend (2S} 

vii. Vulnerability to climate change {10) 

viii. Projected impacts (10) 

Total Score 

Total I>ossible 

Total Score/Total Possible 

Score 

5 

20 

10 

7 

10 

10 

7 

7 

76 

110 

0.69 
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placing it sister to a clade consisting of the 
Great Basin spadefoot (S. inttrmontana} and 
the Plains spadefoot (S. bombifrons). This 
arrangement is consistent with Kluge {1966} 
and Sattler (1980). Relationships within Spea 
are still unresolved however, and cryptic taxa 
may exist within S. hammondii (Garcia-Paris et 
al. 2.003) and S. intmnontana (Wiens and Titus 
1991). Ongoing phylogeographic work should 
clarify the extent of intraspecific variation in 
the species. Preliminary data indicate that 
some mitochondrial introgression has occurred 
between $. intermontana and S. hammondii in 
southern California, but not the Central Valley 
portions of the species' range {P. Spinks. 
unpublished data). 

Ufe History 

Adult Spea licmimondii are terrestrial, moving 
from summer refugia to ephemeral water bod­
ies to breed in the spring following warm late 
winter or spring rains (Storer 1925. Burgess 
1950, Stebbins 1954, Feaver 1971, Brown 1976, 
Morey 1998). Breeding aggregations can con­
sist of more than 1000 individuals (Jennings 
and Hayes c994a). Breeding occurs over a 2-3 
week period. during which males can be heard 
chorusing intermittently (Brown 1976, Morey 
and Reznick 2004). Additional bouts ofbreed­
ing can occur, and pools can contain cohorts of 
different ages (Morey 2005). Onset of breeding 
activity varies depending on rainfall and region. 
For example, heavy rains in 199t resulted in 
breeding occurring only in March {San Luis 
Obispo and Riverside Counties; Morey and 
Reznick 2004). Jn the two following years, 
breeding occurred between January and March 
(Morey and Reznick 2004). Breeding has also 
been documentM in August, and from October 
to December in San Diego County (Ervin et a.I. 
2005, Ervin and Cass 2007). It is unknown 
how common early-breeding behavior is, but 
the October 2004 events may have been in 
response lo very dry conditions, and many of 
these larvae ultimately succumbed to desicca­
tion. The previous year. 2003, set a record rain­
less period, and the breeding in 2004 occurred 
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after the first measurable rain in 181 days (Ervin 
et al. 2005). 

Females lay 300-500 eggs in clusters of 
18-25 {Stebbins 1951, Stebbins 1985) that usu­
ally hatch in 3-4 days (Morey 2005). Morey and 
Reznick (2004) 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 be 14 days 
(Morey and Reznick 2.004). Males raised exper­
imentally under high food conditions 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 2001). It is unknown how long it 
takes to reach maturity in the field, but based 
on this experimental work males probably 
mature 1-2, years after metamorphosis and 
females at least 2 years after metamorphosis. 
Most individuals are mature at 4-4.5 cm SVL 
(Storer 1925. Morey and Guinn 1991,). 

Larvae are frequently at risk of desiccation 
due to pools drying before development is com­
plete. In Fresno County, 17 out of 23 vernal pools 
dried before larvae metamorphosed (Feaver 
1971). Across 20 populations in San Luis Obispo 
and Riverside Counties, Morey and Reznick 
(2004) observed that r5% of ponds dried before 
larvae metamorphosed. As pools dry, larvae 
experience increased daily variation in tempera• 
ture, increasM ammonia levels. increased water 
hardness, and decreased depth (Morey and 
Reznick 2004). These factors lead to crowding 
and decreased growth rate. While several cues 
are operating sim\dtaneously. water reduction 
alone is sufficient to trigger accelerated develop• 
ment within .2.4 hours (Denver r997a. Denver 
1997h. Denver et al. r998, Boerse and Denve1 
2003). In the field, there is a positive correlation 
between hydroperiod and mass at metamorpho­
sis (Morey and Reznick .2.004). ln 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.S days; Morey and Reznick 



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

Little is known about terrestrial activity, 
although most movement and surface activity is 
thought to be nocturnal (Morey 2005). Juveniles 
leave natal pools shortly after metamorphosis in 
April-June presumably seeking refugia, 
although their terrestrial habitat is unknown 
(Morey 2.005). Adults and juveniles retreat to 
burrows by late summer, with juveniles capable 
of digging burrows Io-20 cm deep even in 
hard, dry soil (Morey and Reznick 2001). Mam­
mal burrows may also be used (Stebbins 1951). 

Larval diet has not been studied, although 
larvae of other spadefoot species are general­
ists, consuming animals, plants, and organic 
detritus (Pomeroy 1981, Pfennig 1990). Can­
nibal morph larvae with broad heads and 
enlarged jaw muscles are known from San Luis 
Obispo and Riverside counties, but it is 
unknown how common they are throughout 
the species' range (Morey 2.005). Adults are 
generalized predators on terrestrial arthropods 
and other prey, including beetles, moths. flies. 
and earthworms (Morey and Guinn 1992.). 

Habitat Requireme11ts 

Spea hammondii occurs in grasslands, oak 
woodlands, coastal sage scrub, and chaparral 
vegetation in washes. floodplains, alluvial fans. 
playas, and alkali tlats (Stebbins 2003, Morey 
2005). Temporary pools are used for breeding. 
but S. liammondii will also readily breed in arti­
ficial water bodies such as cattle ponds (Morey 
2005). Vernal pools used by S. bamm-011dii for 
breeding had an average ponding duration of81 
days (range 36-127, n ~ 9, San Luis Obispo and 
Riverside Counties) (Morey and Reznick 2004). 
Pools with at least some successful recruitment 
lasted on average > weeks longer than larval 
development time (Morey and Reznick 2.004). 

Pool temperature during larval development 
ranged from n•c to 32.•c (Morey and Reznick 
2.004). Brown (1967) found that water tempeza• 
tures between 9•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 
(Jennings and Hayes 1994a). However, in 
southern California. ephemeral pools utilized 
by introduced species with predatory aquatic 
stages, such as the African clawed frog {Xet10-
p11s lawis), can still function as breeding habi­
tat for S. kammondii (confirmed by the pres­
ence of dispersing meta.morphs), but the 
effects these introduced species have on overall 
recruitment levels are unknown (Ervin and 
Fisher 200I, 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 Monterey, from sea level to 
1365 m (Jennings and Hayes 1994a, Ervin et al. 
2001, Stebbins 2003; S. Barry, pers. comm.). 
Jennings and Hayes {1994a) concluded that as 
of the 1990s, over 80% of historically occupied 
habitat in southern California and 30% of habi­
tat in northern California were no longer suit­
able due to development and habitat conversion. 
In surveys throughout the Central Valley. 
Fisher and Shaffer (1996) reported S. hammon­
dii as virtually extirpated from the Sacramento 
Valley and at a reduced density i11 populations 
of the eastern San Joaquin Valley. 

Trends in Abundcmce 

Current or historical abundance data are largely 
unavailable or anecdotal. and little recent data 
is available. Recent surveys of Mather Airport 
(formerly Mather Air Force Base) in Sacra­
mento County estimated that breeding adults 
numbered in the few dozens, although this was 
based on short-duration surveys and limited 
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data (A. Chang, unpublished data). Morey and 
Guinn (1992) reported an average of 1.16 indi• 
viduals/km of roadway during a relatively wet 
winter {r982-r983) and o.68 individuals/km 
during a drier winter (1984-1985} in the San 
Joaquin Valley. 

Nature and Oeg,ee of Threat 

The major threat to Spea hammondii is habitat 
loss and fragmentation due to agriculture and 
urban development. Other threats include inva. 
sive species and climate change. Davidson et al. 
{2002) found that currently occupied sites had 
Jess surrounding urban development than extir­
pated sites. Extant populations also occur at 
higher elevations than extirpated sites on aver• 
age, possibly due to invasive species being more 
commi:m at lower elevation {Fisher and Shaffer 
1996, Davidson et al. 2002.). Spea hammondii is 
sensitive to invasive species such as crayfish, 
bullfrogs, and mosquitofish; however, many of 
these species cannot persist in the highly 
ephemeral breeding habitats S. hamrnondii uses 
(Jennings and Hayes c994a, Morey 2005). Bull­
frogs have been documented to prey on S. ltam­

mondii (Morey and Guinn 1992, Balfour and 
Ran let 2006}, although the impact of this pre• 
dation on overall abundance is unknown. 

Spea ltammondii may be at risk from climate 
change because breeding is dependent upon 
temperature and rainfall cues. and larval devel­
opment requires ephemeral pools to persist long 
eno~1gh to complete development {Morey and 
Guinn 1992, Jennings and Hayes 1994a). Mean 
annual temperatures are projected to increase 
through.out th.e range of S. lmmmondii, with 
warmer winters and summers and earlier 
spring warming expected (reviewed in PRBO 
2011). The frequency of extremely hot days is 
predicted to increase by up to 25 days per year in 
some parts of the range (Bell et al. 2004). There 
is less certainty about future precipitation pat­
terns, with estimates ranging from little change 
to roughly 30% decreases in rainfall (Snyder 
and Sloan 2,005, PRBO 2011). Changes in tem­
perature and precipitation will likely affect ver­
nal pool hydrology (e.g .. Pyke 2005) and may 
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also affect the timing of breeding, though how 
S. hammondii will respond to these changes 
needs further study. The largely unsuccessful 
early breeding observed by Ervin et al. (2005) 

may be indicative of the kinds of mismatches in 
environmental cues and breeding behavior that 
this species may suffer under climate change. 
The probability of large (>200 ha) wildfires is 
expected to change very little in the Central Val­
ley (Westerling and 8ryant 2.008). [n the more 
northern coastal part of the range, the probabil­
ity oflarge fires is expected to increase (Wesler• 
ling and Bryant 2008}. and the area burned is 
expected to increase by up to 50% (Lenihan et 
al. 2008). In the southern part of the range 
where wildfire is common, there is little consen­
sus on future fire dynamics because of the dif. 
ficulty in modeling Santa Ana weather events 
(Westerling et al. 2004, Westerling and Bryant 
2008). The largely subterranean lifestyle of S. 

hammo11dii 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 degrada• 
tion and this issue requires more study. Vegeta• 
tion shifts due to climate change are expected to 
be modest in the Central Valley, where land use 
is a more important determinant of habitat type 
(PRBO 2011). Elsewhere in the range, chaparral 
and shrublands are expected to de<:rease in area, 
while grassland is expected to increase (Lenihan 
et al. 2008, PRBO 20n). The impact of these 
shifts may be modest as S. liammondii uses all 
of these habitat types. 

Statvs Determination 

Ongoing habitat loss and extirpations through­
out the range of Spea hammondii wanant Prior• 
ity I Species of Special Concern status. 

Mat1agement Recommendations 

Remaining sites should be protected from 
urban and agricultural development, with 
emphasis on larger habitat blocks that allow for 
more natural metapopulation dynamics to per­
sist. The fact that Spea hammondii readily breeds 
in anthropogenic structures can be exploited 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 not so easily restored, and mini­
mizing or eliminating disturbance around 
breeding habitat would help protect adults (see 
the "Monitoring, Research. and Survey Needs" 
section). Efforts to remove introduced predator6 
from breeding habitat should be considered. In 
some cases. cattle grazing operations may be 
beneficial to S. ham.mondii. 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 maKimum inundation 
period (u5 days) than ungrazed treatments (65 
days) or treatments where grazing occurred sea­
sonally (65-78 days). 

Monitoring, Research, and Survey Needs 

Research is needed into terrestrial habitat use 
(Jennings and Hayes 1994a. Morey 2005). 

including juvenile dispersal, adult migration 
patterns and distances. and the importance (if 
any) of rodent burrows for all age classes. This 

information is important foi- determining how 
much and what kinds of terrestrial habitat to 
protect around breeding sites. For example, 
Morey and Reznick (2001) found that the qual­
ity of juvenile terrestrial habitat in terms of 
food availability compensated for stressful lar­
val conditions. Additional study on which envi­
ronmental conditions promote post-metamor­
phic surviva1 will aid in management planning. 
It is also unknown what proportion of adults 
breed each year and how long individual adults 
spend at breeding sites (Morey 2005). Under• 
ground habitat use is poorly known, including 
feeding and dormancy patterns. Remaining 
populations are likely highly fragmented, and 
research is needed into connectivity among 
populations at both the local and the regional 
levels; additional landscape ecology and genetic 
studies would help determine patterns of dif. 
ferentiation (Jennings a11d Hayes 1994a). 
Finally. comparative studies of this species in 
the Central Valley and southern California 
would help determine the extent of biological 
variation in life history patterns across this eco­
logical gradient. 
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SOUTHERN LONG-TOED SALAMANDER 

Ambystomo macrodactyfum sigillatum Ferguson 1961 

Status Summary 

Ambystoma macrodactylum sigWatum is a Prior­
ity 2 Species of Special Concern, receiving a 
Total Score/Total Possible of 66% (73/110). It 
was not considered a Species of Special Con­
cern during the previous evaluation (Jennings 
and Hayes 1994a). 

Identification 
Ambystoma macrodactylum sigillatum is a 
medium-sized (4.1-8.9 cm SVL) salamander 
with a broad head and large eyes (Stebbi1)S 
2003). The dorsal ground coloration is black or 
dusky brown with a yellow dorsal stripe that is 
usually divided into blotches on the body and 
into fine spotting on the head and tail (Fergu­
son 1961, Petranka. r998. Stebbins 2003). 

Small whitish-blue A.eeks are present on the 
sides of the body, and the ventral surface is dark 
brown (Stebbins 2003). The larvae have large 
bushy gills and a dorsal fin that extends to near 
the forelimbs (Petranka 1998). 

I 36 SALAMAN DfllS 

Metamorphosed individuals of this species 
are unlikely to be confused with any other sala­
manders within its range. Other subspecies of 
A. macrodactylum have similar body propor­
tions but differ in the size, extent of blotching, 

Soulhern Long-Toad Salamander: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size {10) s 
ii. Distribution trend (25} 15 

iii. Population concentration/migration (10) 10 

iv. Endemism (10) 3 

v. Ecological tolerance (10) l 

vi. Population trend (2 S) 20 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10) 7 

Total Score 73 

Total Possible 110 

Total Score/Total Possible 0.66 
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and coloration of the dorsal stripe. and their 
ranges do not overlap in California. Differenti­
ating larvae from co-occurring newts (Tariclia 
gr,mulosa, T. torosa) 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 9-13 gill rakers on 
the anterior side of the third arch (Stebbins 

2003). 

Taxonomic Relationships 

Amb}'stoma macrodactylum sigillatum is one of 
five currently recognized subspecies of long­
toed salamander (Petranka 1998. Stebbins 
2003). Ambysioma macrodactylum has been 
widely recognized as a distinct species since its 
initial description by Baird (t854). Since this 
time, a number of different species and subspe­
cies have been described. The current five-sub­
species arrangement stabilize.:! after the work 
of Ferguson {1961), which described A. m. 
cc>lumliianum (eastern long-toed salamander) 
and A. m. sigiUawm, as well as the work of Rus­
sell and Anderson (1956). which described the 
geographically 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 2008). 

Aml,ystc>ma macrodactylum sigillatum was 
described based on the size, color. and pattern 
of the dorsal band, as well as vomerine tooth 

counts (Ferguson 1961). Although it inter• 
grades morphologically with A. m. cc>lumlii• 
anum at the nortltern edge of its rattge (Fergu­
son 1961). ongoing genetic analyses support 
recognition of A. m. sigillatmn. as a distinct spe• 
cies (Savage 2.008). 

Life History 

Ambysloma macrodactylum sigiflatum is a pond­
breeding salamander that often has a prolonged 
larval stage. The life history of this taxon varies 
widely depending on elevation and climate 
(Petranka 1998}. Here we have summarized 
data for A. m. sigillaturn, where possible, and 

described the variation present across the spe­
cies where the life history is highly variable 
and/or uncertain. 

Adults emerge from hibernation and 
migrate to breeding habitat after the first thaw. 
Mating begins shortly after adults enter the 
breeding habitat, usually in May or June, with 
lower-elevation populations usually being able 
to breed earlier than higher-elevation popula­
tions (Anderson 1967, Howard and Wallace 
1985). Elsewhere in the A. macrodactylum 
range, primarily at low elevations where the cli­
mate is mild, breeding is not delayed by winter 
freezes. so reproduction starts with the onset of 
fall rains (Ferguson 1961, Nussbaum et al. 
1983). As in other Ambystoma species, mating 
follows a pattern of courtship attd spermato­
phore deposition. Females oviposit on vegeta• 
tion, rocks, sticks, or directly on the pond bot• 
tom 2.-3 days following courtship and mating 
(Anderson 1961, Stebbins 2003). The eggs are 
laid singly or in clumps of up to 100 eggs 
(Petranka 1998, Stebbins 2003). The pattern of 
egg deposition varies geographically in this 
species: A. 111. sigillatum tends to lay eggs singly 
or in long loose clusters in relatively deep water 
(Anderson c967), although this is variable. 
Eggs hatch in 2-5 weeks, with longer incuba• 
tion periods required at higher elevations and 
lower water temperatures (Anderson 1967, 
Nussbaum et al. 1983, Petranka 1998). The lar­
val period can be as short as 50 days in tempo­
rary pools at lower elevations but may last a 
years in the highest elevations in permanent 
pools (Nussbaum et al. 1983. Pilliod and 
Fronzuto 2005). Size at metamorphosis varies 
widely from 2.3 to 4.8 cm SVL (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 temperatures but then selecting the 
warmest areas available throughout the sum­
mer (up to 2+5•q. Presumably these tempera• 
lures allow for more rapid larval growth and 
development (Anderson 1968b). 

.4.mbystoma macrodactylum sigillatum is a 
generalist predator, as both larva and post• 



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

Habitat Requirements 

Ambystoma macrodactylum. as a spedes, occurs 
in a larger variety of habitat types than any 
other salamander in the Northwestern United 
States (Ferguson 1961, Nussbaum et al. 1983). 
Suitable habitats for A. m. sigillalum include 
arid grassland and sagebrush communities, 
dry woodlands. coniferous forests, alpine mead­
ows, and a wide variety of intermediate habitat 
types (Ferguson 1961. Petranka t998. Pilliod 
and Fronzuto 2005). In some areas, this spe­
cies is abundant in disturbed agricultural areas 
(Nussbaum et al. r983). 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 to local extirpations 
(Goldberg and Waits 2010). 

At high elevations (above 2.450 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. sigilla11tm require permanent 
water bodies for breeding because larvae over­
winter prior to metamorphosis (Anderson 1967; 
K. Leyse. pers. comm.). If these overwintering 
sites are shallow (1-2. min depth), as is common 
in the Tahoe region of the Sierra Nevada. few 
larvae seem to survive the winter (K. Leyse, 
pers. comm., unpublished data). Spring-fed 
water bodies may increase the likelihood of suc­
cessful overwintering. though more data are 
required 10 verify this. This subspecies also 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 i1pland habitat that this species requires are 
needed. 

Distribution ( Pa,t c:md Present} 

Ambystoma macrodact}•lum sigillatum ranges 
from southwestern Oregon (south of the 
Calapooya divide, Lane and Douglas Counties) 
through the Trinity Alps, Warner Mountains, 
Sierra Nevada, and adjacent areas of northwest• 
em California reaching as far south as Carson 
Pass (Ferguson 1961, Brode 1967, Bury 1970a, 
Pilliod and Fronzuto 2005). The known eleva­
tional range for this taxon is from near sea level 
to 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 isolated populations of the spe<:ies 
A. macrodactylum in Santa Cruz and Monterey 
Counties, California (A. m. croceum), and in 
southeastern Oregon suggests that the species 
may have been historically distributed more 
broadly throughout the west. Cf so, the present· 
day range likely refl«ts a range contraction as 
climate has 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 to be present in lakes without 
fish than lakes that contain fish. Because these 
fish have been introduced during the last 150 

years, ii is likely that some lakes where A. m. 

sigillatmn does not occur represent localized 
extirpations as a result of fish predation {Welsh 
et al. 2006). A similar pattern occurs in the 
north central Sierra Nevada near Lake Tahoe. 
Here, A. m. sigillatum are present in 92.3'% of 
fishless sites, but only 37.5% of fish-containing 
sites (Leyse 2005). ln the Klamath Mountains. 
A. m. sigillatum was documented at 25 of 118 
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sites in surveys conducted between 1999 and 
2001. Salamanders were present al only 15 of 
these sites when they were resurveyed in 2008 

(K. Pope. pers. comm.). The overall geographic 
e1etent of the A. m. sigiUatum range appears to 
still be intact, l:mt it is dear that localized extir­
pations are occurring in several areas. 

Trends in Abundance 

Abundances of Ambystoma macrodactylwm sigil­
latum have 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 larvae at lower­
elevation sites appears to be low {K. Leyse. pers. 
comm.). Population genetic estimates of popu­
lation trends suggest that regional populations 
exchange few migrants and that effective popu­
lation sizes are small (Savage et al. 2010). 

Naiure arid Degree of Threat 

Trout introductions are the largest threat to 
remaining populations of Ambysioma macrodac­

tylum sigillatum. Welsh et al. (2006) found that 
the absence of introduced fish was a major pre• 
die.tor of A. m. sigillatmt1 presence even after con­
trolling for other environmental variables. Aside 
from the local effect of fish on individual water 
bodies. fish introductions appear to affect A. 

macrodactylum populations at the scale of entire 
watershed basin. In Idaho, basins with higher 
introduced fish densities had significantly lower 
densities of A. macrodac:tylum (Pilliod and Peter­
son 2001). The authors postulated that much of 
the remaining fish less 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 presencl'.! of fish at the 

basin scale is a significant conservation risk, 
irrespective of whether patches of fish less habi­
tat remain within the basin {Pilliod and Peterso11 
2001}. Where A. m. sigillatum persist in the pres­
ence of fish, larval densities are very low both in 
deeper fish-containing pools and in adjacent 
6.shless pools (K. Leyse. pers. comm.). When 
larvae are found in fish-containing pools, they 
tend to hide under rocks or are only captured in 
overnight trapping, indicating that they may 
alter their behavior in response to the presence of 
predators (K. Leyse, pers. comm., though see 
Tylei etal. 1998). Declines due to the presence of 
fish have also been documented elsewhere in A. 
macrodactylum's range (Liss and Larson c991. 
Liss et al. 1995, Tyler et al. 1998). In Montana, 
introduced trout were linked to A. m. krawsei 
extirpations. Salamander recolonization follow­
ing local trout extirpations strongly indicated 
that trout were the actual causal agent of declines 
(Funk and Dunlap 1999). 

Climate change also poses a threat for A. m. 
sigillat1,1m. Many of the remaining pools that 
this species utilizes are shallow. Projected 
shifts to earlier 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. 
2.008b. Franco et al. 2.011, 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 2.005). 

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



StMus Determination 

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

Management Recommendaeions 

The presence of relatively deep fishless pools 
appears to be important to the continued per­
sistence of this species. particularly at the high­
est elevations. As such, fish stocking should be 
limited in areas where Ambystoma macrodacty• 
lum 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 fones and Stokes 2.oro). 

Monitoring. Research, and Survey Needs 

Declines due to fish predation have now been 
amply demonstrated, so continued monitoring 
on the effects of fish predation is less important 
than work related to fish removal. Cf predaceous 
fish can be successfully removed from areas sup• 
porting this species, occasional monitoring 

should be undertaken to detect unauthorized 
reintroductions, particularly in areas that experi• 
ence high human impact and to document re<• 
olonization dynamics by the salamanders. An 

important management question centers on the 
relative importance of permanent and temporary 
pools to metapopulation dynamics across eleva­
tions. That is, it may be that at lower elevations. 
temporary fish-free pools are the primary source 
of successful recruitment, and deeper lakes can 
therefore be maintained as fishing resources. 
whereas at the highest elevations, the species can 
only persist if permanent, fish-free habitats are 
common. The type and extent of i1pland habitat 
utilized by this species is also in need of further 
study. In particular. the extent of upland habitat 
that populations require in order to persist has 
not bt-en studied in this taxon. Climate change 
could also have different impacts on the upland 
phase of the life cycle. in addition to the impacts 
that are projected for the aquatic part of the life 
cycle. In addition. populations are still under 
considerable risk from disease, and monitoring 
efforts focused on detecting the presence of 
ranavirus and Bd should be continued. 
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SANTA CRUZ BLACK SALAMANDER 

Aneidesjlavipunciatus niger Myers and Maslin 1948 

Status Summary 

A~ides fl.:wip1mctatus niger is a Priority 3 Spe­
cies of Special Concern, receiving a Total Score/ 
Total Possible of 48% (s3/uo). This taxon was 
not previously considered a Species of Special 
Concern (Jennings and Hayes r994a). 

Identification 

Aneides flavipun;;tatus njge;r is a medium-sized 

plethodontid salamander (5.1-9.5 cm SVL) 
(Stebbins 2003), The adult dorsal coloration is 
either solid black or black with a few small 
white flecks (Myers and Maslin 1948). Juve­
niles (<4.0 cm SVL) have brassy dorsal pig· 
mentation with white to blue•white spots 
(Lynch 1981). The ventral coloration is black or 
dark gray (Myers and Maslin 1948). The nasola­
bial grooves and costal grooves a.re well defined, 
and most individuals (95%) have 17 costal 
grooves {Lynch r981, Stebbins 2003). A~ides 

Jlavipunclatus nige;r has rounded toe tips, coun­
ter to the squared toe tips typical of Aneides. 
Its limbs are short relative to the trunk, with 

1,p SALAMANDERS 

3- 5 costal grooves between adpressed limbs. 
The heads of males are larger than those of 
females, and are roughly triangular with prom­
inent, protruding upper jaw teeth (Stebbins 
2003). 

Sanra Cruz Black Sa(amandu: Risk Facto)ts 

R3nking Criteria {Ma,cimum Score} Score 

i. Range size (10} 10 

ii. Distribution trend (25) 10 

iii. Population concenttation/ 0 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10} 7 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 3 
viii. Projected impacts (JO) 3 

Total Score 53 

Total Possible 110 

Total Score{Total Possible 0.48 
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Aneides flavipunctatus nigtr could be con­
fused with the co-occurring arboreal salaman• 
der (A. lugubris). Adult A. lugubris are grayish 
to brownish above with yellow flecks that are 
often concentrated on the sides, squarish toe­
tips, and a pale whitish venter (Stebbins 2003). 

Juvenile A. f. nige.r have green pigmentation, 
while A. lugubris juveniles do not. 

Toxoriomic. Re/a1io11ships 

Ant.ides flavipunctalus niger is recognized as a 
subspecies based on geographic isolation from 
other populations, morphological and color 
variation. and ecology (Myers and Maslin 
1948). Allozyme studies by Larson (1980) and 
subsequent reanalysis hy Highton (2000) sug­
gested that A.f. 1iiger is a distinct lineage. More 
recent analyses of mitochondrial DNA data 
supported the allozyme analyses and identified 
another potentially distinct lineage of A . .fla• 
vipunctatus in the Mount Shasta Region (Rissler 
and Apodaca 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. f niger and 
includes both mitochondrial and nuclear mark­
ers (S. Reilly, pers. comm.). 

Life History 

Little is published on the life history of Aneides 

flavip,mctatus ,iiger, and we therefore rely on 
information from the northern subspecies, the 
specked black salamander (A. f. flavipimctatus} 
when data from A. f. niger are lacking (see the 
"Distribution" section). Aneides Jla.vipu11ctatus 
nigcr is a terrestrial salamander that can be 
active year-round in streamside microhabitats 
(Lynch 1974). like the majority of salamanders, 
it is most active on the surface at night. and 
more so during rain events. Females lay eggs in 
July or early August (Petranka 1998). In the 
laboratory, field-collected A. f fiavipunctatus 
from Mendocino County stayed with clutches 
until the young hatched (N. Staub, pers. obs. in 
Staub and Wake 2005), but it is unknown 
whether A. f niger females also attend eggs in 
the field. Lynch (198t} examined II2 adult 
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females across the range of A. fta1•ipurictatus 
(including A. f niger populations) and found 
that females carried 5-25 enlarged ovarian fol­
licles, with fecundity increasing with body size. 
In the southern populations sampled in this 
study (which would contain A.f. niger samples). 
an average-sized female was 63 mm SVL, with 
an estimated dutch size of 9 ( Lynch 1981). One 
record of a natural clutch of A. f niger eggs was 
found more than 2.0 cm belowground (Van 
Denbmgh 1895}. 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 October or November (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 .flavipunctatus jlavipunciatus in 
northern coastal California are generalized 
predators that eat small invertebrates. includ­
ing millipedes, beetles. termites, hymenopter­
ans. flies, and collembolans (Lynch 1985). 

Habitat Req11irements 

Aneides fla1•ip1mclcdus niger is restricted to 
mesic forests in the fog belt of the outer Coast 
Range (Myers and Maslin 1948). While sala­
manders in the genus Aneides are sometimes 
quite arboreal. A. f r1iger is a ground-dweller 
(Myers and Maslin 1948). Aneides flavipuncta• 
tus niger occurs in moist streamside microhabi­
tats and is frequently found in shallow standing 
water or seeps (Myers and Maslin 1948, Lynch 
J974; S. Barry pers., comm.). In these moist 
microhabitats, A.f 11iger has been found under 
stones along stream edges and under boards 
near creeks (Myers and Maslin c948). Aneides 
jlavip1mctatus- niger also occurs in talus forma­
tions or rock rubble {S. Reilly, pers. comm.). 

Distribution (Past (Ind Present) 

Aneides flavipunctatus 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 southernmost 
San Mateo Counties. Aneides flavip!lnctM1is 



Jlavipunctatus 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 
Mountains (LACM 14r88;H418&3): however, 
we are unaware of other records for this region, 
and recent searches in this area have not been 
successful {S. Reilly. pers. comm.). Lynch 
(1981) reporte<l that almost all localities of A. 
Jlavip1mclatus (including sites within the range 
of A. f niger) occurred below 600 m elevation 
in mesic forests that do not experience sus­
tained freezes. 

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

Trends in Abundance 

As for many plethodontids, documenting abun­
dances is exceedingly difficult because Aneidcs 
Jlavip1mctatus 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. Aneide.s jlavipuiictatus niger. 
is reported to have been abundant and easily 
found in the late 1950s, relatively abundant in 
the 1970s, and difficult to find in recent years 
(D. Wake, pers. comm.). Range-wide sampling 
efforts over the last few yea rs have yielded only 
a handful of specimens (<15) at a few sites, 
including the UC Santa Cruz campus {S. Reilly, 
pers. comm.). This anecdotal evidence sug­
gests that declines may have occurred and are 
possibly ongoing. 

Nature and Degr11e of Threat 

Aneides flavip1mctatus niger habitat is vulnera­
ble to the effects of logging, spring capping, 

and roadbuilding. The Peninsula Open Space 
Trust has acquired some oft he vulnerable prop• 
erty in the northern part of the range, but there 
is still some risk of further ranch land subdivi• 
sion (http://www.openspacetrust.org; S. Barry, 
pezs. comm.). Climate change may pose some 
threats to this taxon, particularly given its small 
range and habitat specificity. Within the range 
of A. f niger. mean annual temperatures are 
predicted to increase, though little change is 
expected in precipilalion (reviewed in PRBO 
.2.ou). If conditions become significantly 
warmer and drier, this may affect opportuni­
ties for surface activity, although use of moist 
streamside microhabitats may minimi2;; 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 
(Fried et al. 2004. Lenihan et al. 2008. Wester• 
ling and Bryant 2008). The extent of grassland 
vegetation is predicted to increase, and forested 
areas are predicted to decrease within the range 
of A.f niger, which may negatively affect habitat 
availability (Lenihan et al. 2008). 

Status Determination 

Am:ides flavipm-ictatus t1iger is an endemic sala­
mander with a small geographic range in an 
area with some risk of additional development. 
However, ongoing declines and population 
losses have not b~n well documented, result­
ing in a Prt,:>rity 3 designation. 

Management Recommendations 

Further protection of habitat is key for manag• 
ing this 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 lo maintaining and enhancing con• 
nectivity between habitat patches. 

Monitoring, Research, and Survey Needs 

Basic ecological and life history information is 
almost entirely lacking for this taxon, as are 
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estimates of current population abundances, 
limiting our ability to make more specific man• 
agement recommendations. Surveys of micro­
habitats such as streams and seeps in forested 
areas should be conducted, though disturbance 
of microhahitat in order to find animals needs 
to be balanced with concerns regarding contin• 
uing decline. These surveys may be more effec• 
tive if artificial cover objects are placed in suit• 
able habitat, allowing for more comparable 
survey efforts among localities and increased 
detectability. Animals are most likely to be 

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 upla11d surveys would be 
useful for determining whether riparian buff. 
ers would be beneficial for Aneides Jlavipuncta• 
tus niger. Ecological and/or genetic studies of 
movement ecology and landscape genetics 
would be useful for understanding connectivity 
among populations and the permeability of dif. 
ferent vegetation types. 



INYO MOUNTAINS SALAMANDER 

Batrach<>seps campi Marlow, Brode, and Wake 1979 

Status Summary 

Batrach<>seps campi is a Priority 3 Species 
of Special Concern. receiving a Total Score/ 
Total Possible of 50% (55/no). During the pre• 
vious evaluation, it was also considered a Spe­
cies of Special Concern (Jennings and Hayes 
1994a}. 

Identification 

Batrachoseps campi is one of the largest and 
most robust members of the diverse plethodon­
ti.d genus Batrachoseps (to 6.1 cm SVL) (Steb­
bins 2003). The head is relatively broad, and 
the tail is short compared to other Batmchoseps 
species. The body coloration is dark brown to 
blackish. with grayish or silvery dorsal spotting 
which ranges from very sparse to a continuous 
network. Individuals sometimes have a silvery 
or greenish cast overall (Stebbins 2003). 

This species is the only salamander within 

its range and thus is unlikely to be confused 
with other species in the field. With the excep• 
tion of the Kern Plateau salamander (B. rebus-

tus) and the largest individuals of the Tehachapi 
slender salamander (B. stebbi11sq, other nearby 
Batrachoseps species are noticeably less robust 
and do not occur east of the Siena crest. Hytlro• 
ma111es species may appear superficially similar 

111y-0 Mo,111tains Saltirnander: Risk Fact<1rs 

Ranking Criteria (Maximum Score) Score 

i. Range size (10} 10 

ii. Distribution trend (25) 5 

iii. Population concentration/ 0 
migration (10} 

iv. Endemism (10) 10 

v. Ecological tolerance (10} 10 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10} 0 

viii. Projected impacts (10) 10 

Total Score 55 

Total Possible 110 

Total Score/Total Possible 0.50 
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but have five toes on the hind feet rather than 
four, as is the case in Batracl1oseps (Stebbins 
2003). 

Taxonomic Relationships 

This species is a member of the P!ethopsis sub­
genus of Batrachoseps, which also includes the 
Oregon salamander (B. wright) from north cen• 
tral Oregon, and B. robust.us from the Kern Pla­
teau and western margins of Owens Valley in 
eastern California (Wake et al. 2002.). Pletl1op­
si.s can generally be characterized as a stout, 
robust group of Batmckoseps with relatively 
broad heads. Batrachoseps campi is mo1phologi· 
cally distinguishable from other Plethopsis 
based on the presence of silvery iridophores. 
lack of dorsal stripe, and lack of white flecks 
ventrally {Marlow et al. 1979, Wake et al. 2002, 

Stebbins 2003). In addition, the species is 
genetically distinct at allozyme and mitochon• 
drial loci (Yanev c978, Yanev and Wake 198c, 
Jockusch and Wake 2002). 

Life Hisiory 

The life history of Batrachoseps earn pi is in need 
of further study. Its habitat differs somewhat 
from other closely related Batrachoseps species 
(e.g., B. robiistu.s, B. wrighti), uut information 
from these ta1ea is still likely to apply to B. earn pi 

in several respects. Surface activity occurs at 
night (Macey and Papenfuss r991a) during 
which time the species presumably feeds on a 
variety of small insects. A life history study of 
the species is likely to provide important infor­
mation for future management. 

Habitat Req11irements 

Batrachoseps campi appears to be largely 
restricted to small patches of riparian habitat 
associated with perennial springs and lime• 
stone fissures itt canyons of the lnyo Moun­
tains. Localities where this species has been 
found contain wet rocks and fissures in dose 
proximity to perennial water {Hansen and 
Wake zoo5a). Salamanders are usually found 
under wet rocks or in clumps of moist fems or 
other cover (Hansen and Wake 2005a). The 

species retreats into fissures and rock crevices 
when surface conditions are not favorable. 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 flowing water at 
high-elevation sites in areas of pinyon-juniper 
woodland (Giuliani 1996, Hansen and Wake 
2005a). 

Distribution (Past and Present) 

Batrachoseps campi is known from a small 
number oflocalities on the eastern and western 
slopes of the Inyo Mountains (Jennings and 
Hayes 1994a), although additional populations 
(presumably few) may be discovered in cur­
rently unsurveyed sites (Hansen and Wake 
2005a). The known elevational range of the spe• 
cies extends from 490 to 2600 m (Macey and 
Papenfuss 1991a, 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 1986). 
Although data are scarce, most known popula­
tions appear to be stable. 

Nature and Degree of Threat 

The primary threat to this taxon is habitat mod­
ification. The overall species range is very small 
{<20 ha 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 (Yanev and Wake 1981). F]ash floods 
have scoured the canyon bottoms at some local• 
ities, destroying the riparian habitat, though 
salamander populations appear to persist and 
slowly recover (Giuliani 1996, Hansen and 
Wake 2005a). Damage to the sensitive riparian 
microhabitat from the capture and contain• 
ment of springs (spring capping), mining, 
water diversion, and teTal burro activity has 
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occurred at other localities (Papenfuss and 
Macey 1986). Much of the species' range is 
unprotected and is vulnerable to further 
modification. 

Status Determination 

Due to its small range size and isolated popula­
tions, this species is inherently vulnerable to 
decline. The springs that are essential to its 
existence are scarce within the species' range 
and are vulnerable to impacts from water 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 isolate<! population 
can withstand these impacts. foT all of these 
reasons. a Priority 3 status is justified. 

Management Recommendations 

The primary management priority for Batra­

ckoseps campi is to protect existing habitat. Res­
to1ation of degraded habitat would be helpful. 
However. given the dearth of information on 
habitat requirements, it is very difficult to know 
what kinds of restoration would most benefit 
the species. Thus. restoration efforts need to be 
informed by the research and monitoring 
efforts outlined below. Until that time, the 
riparian areas around desert springs should be 
protected from modification. specifically with 
respect to changes in hydrology and vegetation. 
Some populations, such as the one at Barrel 
Spring, Inyo County, California, are likely to be 

sensitive to relatively minor changes in hydrol­
ogy (D. Wake, pers. comm.). 

Monitoring, Research, and Surve}' Needs 

While the key management priority for this 
species is simply to protect habitat and mini­
mize disturbances, restoration efforts would 
require basic research on the size, habitat 
requirements, and occupancy of sites through• 
out the species' limited geographic range. In 
the course of this work, surveyors would need 
to undertake basic life history research to 
gather information on population sizes {both 
census and genetically determined effective 
population sizes), yearly activity cycles, habitat 
occupancy, and basic ecological data. Because 
habitat protection alone is likely to be sufficient 
to safeguard this species, it may be best to carry 
out this work only in areas where distmbance 
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 salamanders to the surface, although 
minimizing damage to these rare habitats is a 
critical priority. Higher-elevation populations 
may be more dispersed across the landscape, 
and surveys should take this into account. Moni· 
toring efforts need to be initiated at localities 
that have experienced habitat degradation to 
quantify the ability of Batrachoseps rnmpi to tol­
erate habitat changes that occur as springs are 
managed for human or livestock needs. 



LESSER SLENDER SALAMANDER 

Batrachoseps minor Jockusch, Yanev and Wake 2001 

Status Summary 

Bairachoups minor is a Priority I Species of 
Special Concern, receiving a Total Score/Total 
Possibleof71% (78/no). This taxon had not yet 
been described at the time of the previous Spe­
cies of Special Concern revision and was there• 
fore not evaluated. 

Identification 

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

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

This species is morphologically similar to 
the more common and microsympatric black• 
bellied slender salamander (B. 1iigriventris). 
though its limbs and feet are relatively more 

I.em, Sfmdtr Salamander: l?isk Fociors 

Ranking Criteria {Maximum Soore} 

i.Rangesize (10) 10 

ii. Distribution trend (2S) 10 

iii. Population concentration/migration (10) 0 

iv.Endemism (10) 10 

v. Ecological tolerance (10) 3 

vi. Population trend (25) 25 

vii. Vulnerability to climate change (10) 10 

viii.Projected impacts (10) 10 

Total Score 78 

Total Possible 110 

Total Score/Total Possible 0.71 

LESSER SLEHDU SAL/\ldAHDU 151 



• Museum Record 

120"0'0"W , 1a•o•o"w 

LESSER SLENDER SALAMANDER 
Batrachoseps minor 

- R91'\ge 

0 USDA Ecore{jM 

PH OTO ON PREVIOUS PACE: L~sm slender salamander. ~n Luis Obispo County, California. Courtesy of William 
Flaxinglon. 



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

Taxonomic ReJotionships 

Batrachoseps minor was previously included in 
B. pacificus (sensu lato). Populations now 
regarded as 8. minor were recognized largely on 
the basis of mitochondrial DNA and allozymes, 
though some morphological features distin· 
guish this spe<:ies from other members of 
the B. pacificus complex (Jockusch et al. 2001). 

Batrad1oseps minor is closely related to the San 
Simeon slender salamander (B. incognitus), 
and the garden sle11der salamander (B. major} 
(Jockusch et al. 2001. Jockusch and Wake 
2002). 

LJfe History 

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. pacijicus 
complex. 

The species is microsympatric throughout 
the entirety of its range with B. nigriventris, 
which is both more widespread and more com­
mon than 8. minor within the range (Hansen 
and Wal"e 2.005b). It is possible the B. nigriven­
tris ecologically replaces B. minor at lower eleva­
tions (Hansen and Wake 2.005b), though the 
extent or effects of competition between these 
species has not been studied. 

Habitat Requirements 

Balracl1oseps minor is found on steep north 
and east-facing mesic slopes within its known 
range (Jockusch et al. 2.001). Known localities 
have a canopy of oak, tanbark, madrone, and 
laurel with a poison oak thi<:ket understory (S. 
Sweet, pers. comm.). These sites remain damp 
much longer than surrounding slopes. and are 
2-fC cooler at the litter/soil interface (S. 
Sweet, pers. comm.). Very few localities are 

known, and habitat requirements need further 
study. 

Distribution (Post a11d Present) 

Batrachoseps minor is found only in north cen­
tral San L\iis Obispo County. lt is present in the 
southern part of the San Lucia Range above 
400 m. ranging from the vicinity of Black 
Mountain south and east into the c>aso Robles 
and Santa Rita drainages (Jockusch et al. 2001). 

Populations farther south have been assigned 
to this species based on morphology and molec• 
ular information (E. Jockusch, pers. comm.). 

Trends in Abundance 

This spe<:ies was apparently once common 
within its range. Many specimens were collected 
throughout the 1970s before the species was 
described, but the species subsequently became 
much more difficult to find (f ockusch et al. 
2001; D. Wake, pen;. comm.). Few specimens 
have been reported in the literature in the Last 
decade, although several unreported sightings 
are known, and populations may now be increas­
ing to some degree (Hansen and Wake 2005b; 

E. Jockusch, pers. comm.; D. Wake, pers. comm.; 
S. Sweet, pers. comm.). Dming 1971-1975, field 
crews associated with the Museum of Vertebrate 
Zoology undertook 10 field trips that collected 
2.65 Batrachoseps from sites known to suppc,rt B. 

mi11or. This collection comprised 206 B. minor 
(77% of the total) and 59 B. nigriventris (S. Sweet, 
pers. comm.). In 12 surveys conducted since 
2.on, 27 B. minor have been found along with 60 
B. 11igriventri.s (3r% of the total; S. Sweet, pers. 
comm.}. suggesting that the frequency with 
which B. minor is detected relative to B. nigriV(:n• 
tris has decreased and that the total number of 
Bairachoseps found is smaller today than it was 
previously. No obvious changes in habitat or 
plant cover between the early 1970s and the 
present that might explain these changes have 
been observed (S. Sweet. pers. comm.). 

Nature and Degree of Threat 

Little information is available concerning any 
aspect of the biology of this species, making 
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threats difficult to characterize with certainty. 
Some habitat modification resulting from land 
conversion to vineyards has occurred within 
the range, and the invasion 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 
has occurred has been disputed (S. Sweet, pers. 
comm.} and a large amount of apparently suit• 
able habitat still remain& in the general region. 
The species was formerly detected in large 
numbers at wineries (Hansen and Wake 2005b: 
E. Jockusch. pers. comm.: D. Wake. pers. 
comm.). Other factors contributing to the 
declines deserve further study. As this species 
seems to be limited to relatively mesic areas 
within its range, changing hydrology and tem­
perature associated with climate change has 
the potential to re11der 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 documented 
declines in abundance as real and noncyclical. 
but acknowledging that an alternative possibil• 
ity exists and that further study and pub] ished 
data are needed. 

Status Determination 

Batrachoseps minor is a California endemic and 
has an exceedingly small geographic range. 
Large apparent declines have occurred since 
the 1970s. and the threats to this taxon are 
poorly u nderslood. leading to a Priority 1 

status. 

Management Recommendaiions 

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

Monitorit1g, Research, and Suivey Needs 

Batrachoseps minor is poorly known biologically, 
and published accounts of even the most basic 
habitat and ecological data are largely lacking 
for the species. Additional and ongoing surveys 
for this taxon are needed to help determine its 
range, both geographically and ecologically. 
However. careful attention needs to be paid lo 
effective identification of specimens that are 
found. Because B. minor is so similar in appear• 
ance lo B. nigriventris, and the two species 
occur in microsympatry. surveyors need to 
have extensive experience distinguishing dif. 
ferent Batracl1oseps species from each other. 
Subadult specimens of B. mi11or may require 
molecular identification unless and until field· 
validated morphological characters can be iden• 
tified. As the status of remaining populations 
is unknown, a reasonable management policy 
would be that no Batracl1o~eps from the known 
or suspected range of B. mi11or be removed 
from the wild unless the collector has extensive 
experience identifying these species. Rather, 
individuals should be photographed and non• 
destructively sampled, preferably by removing 
a small portion from the end of the tail (-2 

mm) and genotyped to establish identification. 
If a few replicate DNA sequences from both 
the nuclear and mitochondrial genomes could 
be established as reliable barcoding genes, 
DNA typing could be accomplished quickly 
and inexpensively. Surveys should take place 
when surface conditions are appropriately 
moist to enhance the likelihood of finding pop• 
ulations of this elusive salamander. The 
chances of finding B. miMr 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 areas 
should continue to be surveyed for this spe<:ies. 
as its distribution could potentially be larger, 
both ecologically and geographically. than 
is presently known. Higher-elevation areas, 
such as those in the vicinity of Santa Rita and 
Old Creek Road, San Luis Obispo County, 
should be surveyed if access 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. wmm.). Recent and 

repeated surveys in some of these areas have 
failed to detect this species. which suggests 
elevation may not be an important factor (S. 
Sweet, pers. comm.). Nevertheless, the species 
is clearly less detectable than it was decades ago 
and additional published data are needed to 
better characterize the known distribution and 
abundance. Additional research into potential 
causes of the declines in detectability should 
also be pursued. In particular, screens of 
museum specimens for the presence of patho• 
genie fungi might be fruitful (D. Wake. pers. 
comm.), as could study of decadal scale climate 
and rainfall patterns within the species known 
range (S. Sweet, pers. comm.). 
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RELICTUAL SLENDER SALAMANDER 

Bairachoseps relictvs Brame and Murray 1968 

Status Summary 

Batmchoseps relictus is a Priority I Spe<ies of 
Special Concern, receiving a Total Score/Total 
Possible of 60% (66/ no). It was also consid­
ered a Species of Special Concern during the 
previous evaluation (Jennings and Hayes 
1994a): however, the range of the species has 
since been greatly reduced as a consequence of 
taxonomic revisions. 

Identification 
As is typical of its genus, Batrachostps rdiclus is 
a small, elongate, worm-like salamander with a 
slender body, long tail, and tiny limbs. The dor­
sal coloration is blackish brown with a lighter, 
often indistinct dorsal stripe that may be red· 
dish. yellowish. or dark brown (Stebbins 2003). 

Batracboseps relictus is one of the smallest 
members ofits genus. SVLs of mature animals 
collected at the type locality in the lower Kem 
River Canyon (see the "Distribution· section) 
averaged 30.2 mm, while those from Brecken­
ridge Mountain averaged somewhat larger at 
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39 mm SVL (Jockusd1 et al. 2or2). Batmdioseps 
reliclus also has relatively few trunk vertebrae, 
with a modal number of 17 from the type local­
ity (Brame and Murray 1968) and counts as 
low as 17 occurring with low frequency in the 

Relict11al Slender Salamander: Risk Fi,tlors 

Ranking Criteria {Maximum Score) s~oie 

i. Range size (10) 10 

ii. Distribution trend (25} 10 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 7 

vi. Population trend (25) 15 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 7 

Total Score 66 

Total Possible 110 

Total Score/Total Possible 0.60 
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Breckenridge Mountain populations (Jockusch 
et al. 2012). 

Several other species of Batmchoseps occur in 
the same region of the southern Sierra Nevada. 
and geographic range is the best way to distin­
guish animals in the field. Individuals from the 
upper Kern River Canyon (Greenhorn Moun­
tains slender salamanders. B. alwsierrae) that 
were previously considered a part of B. relictus 
(see the "Taxonomic Relationships" section} 
have relatively longer trunks. smaller heads, 
shorter limbs, 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 et al. 2012). 

In the lower Kern River Canyon, the range 
of B. relicttis overlaps with Kem Canyon slender 
salamanders {B. simatus) and the yellow­
blotched ensahna ( Ensatina eschscholtzii croc,a­
tor; Brame and Murray r968). Unlike B. re!ic­
tus, B. simat14S is not closely associated with 
water, and populations of B. relictus at eleva­
tions where B. simatus occurs are likely extir­
pated (see the "Distribution" section). Ematit1a 
eschscl1oltzii croceator is a larger, more rohust 
salamander and is easily distinguished by con­

spicuous yellow blotches on the dorsum and a 
much larger body form (Stebbins 2003). 

Taxonomic Relationships 

The populations included in Batrachoseps relictus 
have changed considerably since its original 
description. Brame and Murray (1968} comid­
ered several geographically disjunct populations 
as belonging to 8. relictus, most of which are 
now recognized as distinct species (Yanev 1978. 
Yanev r980, Jockusch et al. 1998, Wake and 
Jockusch 2000, Jockusch et al. 2001). Popula­
tions in the Sierra Nevada from the Merced 
River to the Kem River were considered a part of 
the relicttis group (Yanev 1980) and were split 
into four allopatric spedes by Jockusch et al. 
(c998). Al that time, B. rdiclus was thought to 
range from the Tule River drainage to the lower 
Kern River Canyon, including populations in 
the Greenhorn Mountains ()ockusch et al.1998, 

Jockusch and Wake 2002). Since then, popula­
tions from the upper Kern River have been 
found to be morphologk:ally distinct from sala­
manders at the B. relictus type locality, and have 
been described as the new specie$ B. aftasierrae, 
the Greenhorn Mountains slender salamander. 
(lockusch et al. 2012). Populations of Batra­
choseps on Breckenridge Mountain were discov­
ered in 1979. Jennings and Hayes (19943) 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. rdictus from the 
type locality, and are now included as B. relictus 
(Jockusch et al. 2012). Given the description of 
the new taxon B. alta.s~rrae, the classification of 
Breckenridge Mountain populations as B. relic. 

tus, and the presumed extirpation of the type 
locality (see the ''Distribution" section), extant 
B. relict us only occur on Breckenridge Mountain 
under the current taxonomic arrangement. 

While we follow the recommendations of 
Jockusch et al. ( :1.012) to recognize Batrachoseps 
from Breckenridge Mountaitt as B. relictus, it is 
important to note that their phylogenetic analy• 
ses of mitochondrial DNA show these popula­
tions as nested within B. simatus, the Kern 
Canyon slender salamander. Jockusch et al. 
(2012) argued that allozyme data and unpub­
lished nuclear data recovered a different pat­
tern that corroborated the distinctiveness of B. 
reli,tus, and that the mitochondrial DNA results 
were potentially explained l>y introgression 
from B. simatus into B. re/ictus. This interpreta­
tion appears to be reasonable. However, given 
the complexity of this group, it remains possi­
ble that additional work may lead tc, further 
taxonomic revisions. 

Life History 

Very little is known about the natural history of 
Batrad1C,\~eps relictus, and much of the ecological 
literature published under this name refers to 
what is now classified as B. altasierme. Batm­
choseps relictus on Breckenridge Mountain 
(1700- 2.000 m elevation) have been found sur­
face active under cover objects from May to early 



October (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. Association 
with aquatic microhabitats likely facilitates 
extended periods of surface activity {see the 
"Habitat Requirements" section). Like other 
plethodontid salamanders, B. relictus is a direct 
developer that lays terresttial eggs. Females have 
been found with yolked ova or eggs in May and 
fune (Jockusch et al. 2012). A communal nest 
with roughly 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 (R. Hansen, pers. obs., in Jockusch et al. 
2012; observation incorrectly ascribed to B. sima­
tus in Stebbins 1985). Diet has not been studied 
in B. nliattS. Presumably they use their projectile 
tongues to catch small invertebrates, as do other 
8atrachoseps species ( Hansen and Wake 2005c). 

Habiiat 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 Murray 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 

1948, Jockusch et al. 2012). On Breckenridge 
Mountain the dominant vegetation type at 
extant localities is pine-fir forest {lockusch et 
al. 2012.). East of Squirrel Meadow at 2000 m 

elevation, Batrochoseps relictiis is typically asso­
ciated with a small seep and sandy or gravel 

substrate (lockusch et al. 2012). Use of upland 
habitat away from water is unknown, but two 
adults were found 4'.i m upslope from seep habi­
tat at the Squirrel Meadow site (Jockusch et al. 
2012.). At Lucas Creek. the lower-elevation 
extant locality on Breckenridge Mountain 
(1665 m), all B. relictus to date have been found 
under cover objects along a 750 m stretch of 
stream (Jockusch et al. 2or2.). 

Distribution (Past and Present) 

The type locality is in the lower Kern River 
Canyon, 150 yards above the junction of state 
Highway 178 and the road turnoff to Democrat 
Hot Springs and Resort {Brame and Murray 
1968). Despite repeated. careful searches. Bat• 
rachoseps reliclus have not been seen at the type 
locality since 1970 (Jockusch et al. 2.012.; incor• 
rectly reported as 1971 elsewhere). Extirpation 
of the type locality may have been caused by the 
degradation of the sensitive seep and spring 
habitat due to the construction of Highway 178 
(Hansen 1988). With the presumed extirpation 
of the type locality, B. relictus is now thought to 
be restricted to two localities on Breckenridge 
Mountain. and has the smallest known range 
fur any described species of Batracboseps. Popu• 
lations north of the Kern River including the 
Greenhorn Mountains are no longer consid­
ered a part of B. relictus (see the "Taxonomic 
Relationships" section). The known elevation 
range is from 480 min the Lower Kern Canyon 
River up to 2000 m on Breckenridge Mountain 
(lockusch et al. 2.012.). 

Trends in Abundance 

Declines are suspected at one extant site, the 
area east of Squirrel Meadow on Breckenridge 
Mountain. The locality was first discovered in 
1979 but later degraded by construction of a 
logging road through Batrachoseps relictus habi· 
tat. Salamanders 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. .2.01.2.). 

Whether such variation in abundance over time 
is typical, due to detection difficulty, or actual 
anthropogenic declines is unknown. 

Nature and Degree of Threat 

The major threat to Batracho5eps n:lictu5 is habi­
tat degradation. particularly of sensitive spring 
and seep habitat. Climate change is expected to 
increase temperatures in the Sierra Nevada, 
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although changes in precipitation and fire 
regime are highly uncertain and large regional 
variation is expected across the mountain chain 
and at different elevations (reviewed in PRBO 
2.011}. If conditions become warmer and drier, 
this would presumably negatively affect B. relic­
t us 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 20n). which may 
decrease the availability of streamside habitat 
for B. reliclus. 

Status Determination 

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

Management Recommendations 

Protecting the two remaining localities from 
habitat degradation is critical to the persistence 
of Batrachoseps relictus. Given the e>Ctremely 
sensitive and restricted range of the species. 
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 
streams should be eliminated. If the type local­
ity is confirmed to be extirpated, then repatria­
tion of the !tpecies to 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 itt the classification 
of southern Sierra Nevada Batrachoseps may 
argue against such reintroductions pending 
further molecular 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 benefit 
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 salamander's habitat 

requirements. 

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 attempt to locate additional popu• 
lations, particularly at mid-elevations on Breck­
enridge Mountain, which are largely unexplored 
(Jockusch et al. 2012). High-priority sites for 
smveys include streamside and seep habitats 
on the north face of the mountain. Monitoring 
should continue at the lower Kem 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 the type locality. If so, 
the collection of genetic samples would be 
invaluable to support or refine the current tax­
onomy of the species, and to help determine 
patterns of connectivity among remaining 
populations. 



CALIFORNIA GIANT SALAMANDER 

Dicamptodon ematus (Eschscholtz 1833) 

Status Summary 

DicRmpwdon 1m.sRtus is a Priority 3 Species of 
Special Concern, receiving a Total Score/Total 
Possible of 66% (56/85). This species was not 
previously considered a Species of Special Con­
cern (Jennings and Hayes 1994a). 

tder1tificalicn 
Dicamptodon en.satus is a large (6.3-17., cm 
SVL) robust salamander with a very Large head 
and stout limbs. The dorsal coloration is .a cop• 
pery tan to dark brown irregular marbled pat· 
tern on a tan to Licht reddish brown back• 
ground. The venter is paler and usually 
unmarked, although marbling often extends 
onto the chin, throat, and under the legs. The 
marbling coloration is often brighter in young 
metamorphs compared to adults. The tail is Jat­
era lly compressed, the skin is smooth, and 
post-metamorphic juveniles and adults lack 
tubercles on their feet (Stebbins 2003). 

Larvae are of the stream type, with short 
bushy gills and a tail fin that begins at the inser-

tion of the hind limbs and extends posteriorly to 
the tail tip. Larval dorsal coloration is light 
brown, and ventral coloration is white to yellow­
ish white (Nussbaum 1~)76). There is also a pale 

Colifornia Ciant Salamander: Risk Facto1s 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (2S) 10 

iii. Population concentration/ 10 
migration (10} 

iv. Endemism (10) 10 

v. Ecological tolerance {10} 10 

vi. Population trend (2 S) Data 
deficient 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 3 

Total Score 56 

Total Possible 8S 

Total Score/Total Possible 0.66 
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eye stripe behind each eye, and the snout is 
depressed (Petranka 1998). The toe tips of lar­
vae are black and comified (Petranka c998). 

In California, D. ens-ahis- is largely indistin· 
guishable from the more widely distributed 
coastal giant salamander ( D. tenebrosus) based 
on morphology alone. However, both geo­
graphic range and genetic markers distinguish 
these two species. 

Tmronomic Relationships 

Good (1989) split California Dicamptodon into 
two species, D. tenebrosus in the north and D. 
ensatus in the south. on the basis of allo:zyme 
data. A 4.7 km hybrid zone exists between the 
two species approximately 10 km north of 
Gualala in Mendocino County {Good r989). 
Otherwise, the two species are allopatric. 

Life Histor}' 

Adult Dicarnptodon ensatus are terrestrial and 
return to streams to breed during the fall rainy 
season {Kessel and Kessel r94}a) and in the 
spring (Stebbins 2,003). One D. etisati:s nest of 
approximately 70 eggs was found under a sub­
merged wooden plank in a rapidly flowing 
stream in the Santa Cruz Mountains, San 
Mateo County, during June (Henry and Twitty 
r940). Female D. tenebrosus guard nests 
through hatching (Nussbaum et al. 1983). and 
an adult female D. ensatus was found near the 
Santa Cruz Mountains nest (Henry and Twitty 
r940), suggesting that both species may guard 
their eggs. Eggs in early developmental stages 
are pure white and approximately 5-5 mm in 
diameter (Petranka 1998}. The larval stage 
lasts approximately 18 months, with larvae 
growing 8-r2 mm in TL per month during the 
warmer months in their first year. Larvae reach 
10 cm TL within a year of hatching and meta­
morphose in late summer at 13-14 cm TL 
(Kessel and Kessel 1943a, Kessel and Kessel 
1943b, Kessel and Kessel 1944). The prevalence 
ofpaedomorphosis in this species is unknown, 
although it can be quite common in D. 

tenebrosus. A paedomorphic population of D. 
ensatus has been reported from caves on the UC 

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

Bury (1972) reported gut contents of 12. 
adults from Del Norte, Humboldt, and Marin 
Counties (i.e., a mix of D. ensalus and D. tene­
brosus). Eight out of 12. specimens containe<l 
one or more vertebrates, including California 
slender salamanders (Batrachoseps attcnualus). 
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 r960). No 
diet data from larvae are available for this spe• 
des, though they are presumed to have similar 
diets to larval D. tenebrosus (Petranka 1998), 
which primarily consume aquatic insects and 
other invertebrates (Parker 1994). 

Habitat Requirements 

Dicamptodon tmsatus occurs in mesic coastal 
forests (oak woodland and coniferous forest; 
Petranka 1998), and coastal chaparral habitat is 
used in southern Marin County and San Mateo 
County (N. Waters, pers. comm.). Very little is 
known about terrestrial habitat use by adults 
and meta morphs, although adults are occasion­
ally found surface active or under cover objects 
in wet conditions (Petranka 1998). One unu­
sual record exists of an adult D. ensatus in a tree 
vole (Arborim11s pomo) nest z.4 m off the 
ground, the only account of arl>oreality in this 
species (D. Hamilton and W. Robe1ts, unpub­
lished data in Forsman and Swingle 2007). 

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 flows decreased they moved 
into the main stream channel where larger Jar. 
vae occurred (Kessel and Kessel 1943a, Kessel 
and Kessel 1943b). 

Distribution (Pnst ,ma Present) 

Dicamptodon e:n~atus is endemic to California, 
occupying a small range from sea level to 
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900 m in elevation along the coast in two iso• 
lated areas near San Francisco Bay (Stebbins 
2.003). 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 occur in the Santa 
Cruz Mountains in San Mateo, Santa Clara, and 
Santa Cruz Counties (Good r989; N. Waters, 
pers. comm.). Dicamptodon ensatus has not 
been recorded in th.e East Bay {Stebbins 2003}. 

Nussbaum {1976) mentioned an unconfirmed 
sight record from the Santa Lucia Mountains in 
Monterey County. Multiple surveys by several 
researchers over the decades have attempted to 
verily this account with no individuals detected 
(N. Waters, pers. comm.). While extirpations 
have not been documented, urbanization, agri­
culture, and timber harvest have likely resulted 

in some population losses. particularly due to 
development in the southern part of the range 
{Bury zoo5; S. Barry. pers. comm.) 

Trends irr Abundance 

Given the paucity ofinformation, 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, loggi11g, 
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 
understood (N. Waters, pers. comm .. S. Barry. 
pers. comm.). Coast Range populations in the 
north are likely subject to negative effects from 
timber harvest and development, though this 
area is less urbanized tha11 the southern part of 
the range. Disturbances such as clear-cutting 
and road construction can lead to lower abun­
dances in Dia1mptodo11 tenebros1u (Corn and 
Bury 1989, Welsh a.nd Ollivier 1998). Other 
threats include fragmentation of riparian habi• 

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 
temperature is expected to increase while pro• 
jected changes in precipitation are likely modest. 
leading to warmer and possibly drier conditions 
in northwestern and central California (reviewed 
in PRBO 2011). At the same time, upwelling is 
expected to intensify (Snyder et al. 2003, Lebassi 
et al. 2009). This may increase fog development 
and contribute to cooler. moister conditions 
along the coast, potentially ameliorating effects 
of warming or drying within the range of D. 

ensatus. The frequency and extent of wildfire is 
expected to increase in the region encompassing 
the southern 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 2ou). Effects of wild­
fire on D. ensatus are unknown, though mortal­
ity and habitat degradation due to fire has been 
documented in other stream-breeding amphibi­
ans (e.g .. Gamradt and Katz 1997, Pilliod et al. 
2003). In northwestern California, vegetation 
communities are expected to shift from moist 
conifer to drier mixed evergreen forest. with 
reductions in Douglas fir and redwood forest in 
particular (Lenihan et al. 2008, PRBO 2011), 

which may impact the availability of D. ensatus 

habitat. 

Status Determination 

Dicamptodon ensatus is an endemic. ecologi­
cally specialized salamander with a small geo­
graphic range that is restricted to an area with a 
high human population density. These factors 
combine to place it at high risk of habitat loss 
and disturbance. However, data are not availa• 
ble to determine whether ongoing declines and 
population losses have occurred, resulting in a 
Priority 3 designation for this species. 



Management Recommendations 

We know little about the basic biology of this 
species, which makes it difficult to formulate 
management recommendations beyond mini­
mizing disturbances to e1eisting habitat. Habi­
tat protection may be particularly important for 
small headwater streams where siltation and 
other stream disturbances are known to 
severely impact other Dicamptod,m 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 
areas that are developed or harvested, though 
efficacy of buffers aod optimal buffer widths 
for this taxon are unknown. 

Monitoring, Research, and Survey Needs 

Distribution, abundance, habitat requirements, 
and life history of Dicamptodou ensatu.s all need 
further study. Most research to date has focused 
on the more widespread D. umebrosus to the 
north and was conducted before the two species 
were recognized as distinct. This substantial 
knowledge gap needs to be addressed with basic 
ecological studies. Nothing is known about dis­
persal in this species, especially the importance 
of movement through terrestrial habitats. Both 
mark-recapture and landscape genetic studies 
are needed for D. ,msatus. Studies are also 
needed that examine the efficacy of streamside 

buffers in ameliorating the effects of distur­
bance on stream habitats. Such studies should 
be replicated both north and south of San Fran­

cisco Bay. given that these are completely iso­
lated population segments living in different 
habitats. Distributional surveys are particularly 
needed in the Inner Coast Range portion of the 
northern range (N. Waters, pers. comm.). 

While larvae are easy to find by searching 
aquatic habitats, transformed D. rns-atus are 
infrequently encountered using typical amphib­
ian survey techniques. For example, only 12. 

individuals were captured in 18,032, trap nights 
over 3 years of pitfall trapping along 840 m of 
drift fence in suitable habitat at Point Reyes 
National Seashore {G. Fellers and D. Pratt, 
unpublished data, in Fellers et al. 2010). In the 
same study, no Dicamptodou were detected 
under 84 coverboards during nearly 2000 cov­
erboard checks. However, culvert removal using 
heavy equipment uncovered aggregations of 
>20 adults at the same study sites, suggesting 
that terrestrial sampling may severely underes­
timate abundance (Fellers et al. 2.010). Another 
account from Santa Cruz County reported sev­
eral adults and eggs getting washed out of a drill 
hole made 6 m into a hillside to access a subter­
ranean spring (Dethlefsen 1948}. 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 1951 

Stat11s Summary 

Rhyacmriton variegatus is a Priority I Species of 
Special Concern, receiving a Total Score/Total 
Possible of75% (83/no). Previously it was also 
considered a Species of Special Concern, 
although at a lower priority level. Additional 
research on ecology and phylogeography since 
Jennings and Hayes (1994a) supports this 
change in status. 

ldentifica#on 

Rhyacotriton variegatris is a small to medium­
sized salamander (5 cm SVL) (Welsh and Lind 
1992. Tait and Diller 2.006), with a small 
head and a shQrt, laterally compressed tail 
( Stebbins 2003). Expanded square-shaped 
glands lateral and posterior to the vent in adult 
males distinguish this genus from all other 
North American salamanders (Petranka 1998). 
Rhyacotrium has large bulging eyes. with eye 
diameter roughly equal to the distance between 
the anterior edge of tlie eye and the tip of 
the snout (Stebbins 2003). The dorsal ground 
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color is brownish to olive, and the ve11ter is yel­
low to yellowish green with a sharp, abrupt 
demarcation between the dorsal and ventral 
coloration (Petranka 1998). California R. varie­
gatus are heavily speckled with small dark spots 

Souihem Tommi Scifamander: Risk Focrcrs 

Ranking Criteria (Maximum Score} Score 

i. Range size (10} 10 

ii. Distribution trend (2Sl 20 

iii. Population concentration/ 10 
migration (10} 

iv. Endemism (10) 3 

v. Ecological tole1ance (10) 10 

vi. Population trend (2S) 10 

vii. Vulnerability to climate change l}0) to 

viii. Projected impacts (10) 10 

Total Score 83 

Total Possible 110 

Tota) Score/Total Possible 0.75 



• Museum R-,cord 

122•0•0-w 12o•o•o•·w 

SOUTHERN TORRENT SALAMANDER 
Rhyacotriton variegatus 

- Rang6 

• CNOOB, BIOS, or Contributor 0 USDA Eco,~on 
2,600.000 

PHOTO ON PREVIOUS PACE: SoutMm torrent safaminder, Mendocino County. California. C<1uttesy of Robert 
Th.oinson. 



• 

on the dorsum and venter (Good 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 brown above, the venter ls 
cream to yellow, and the body is sprinkled with 
dark speckling above and below except on the 
tail fin. The eyes are pJOminent and dorsally 
positioned (Petranka 1998). 

Taxonomic Relationships 

Rhyacotriton variegalws has been recognized as a 
species since 1992 based on protein variation 
(Good and Wake 1992). Miller et al. (2006) 
identified three mitochondrial DNA clades 
within R. variegatus. The California dade/south­
ern Oregon clade split occun; at the Smith River 
in California, a common biogeographic bound­
ary. Miller e1 al. {2.006) concluded that the Cali­
fornia clade constitutes an evolutionarily signifi­
cant unit (sensu Moritz 1994). The California 
dade is endemic to the state with a -50% smaller 
range than the species as a whole, and the south­
ern Oregon dade animals in California have an 
extremely small range. Although Miller et al. 
(2.006} recognized these dades as potential 
management units, we consider them as a sin· 
gle taxon here pending additional research on 
their geographic ranges and genetic distinctive­
ness using additional molecular markers. 

Llfe History 

Breeding may occur throughout much of the 
year. Males produce sperm year-round, with 
peak production from February through April 
(Humboldt County; Tait and Diller 2006). 
California females have been found carrying 
spermatophores from February through June 
(Stebbins and Lowe 1951, Tait and Diller 2.006), 
and females from an Oregon population had 
cloaca! spermatophores as late as October 
(Nussbaum and Tait 1977). 

Females produce smaller clutches than 
most similarly sized stream-breeding salaman• 
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ders (Petranka 1998), with gravid females car­
rying from 4 to 16 ovarian eggs (Nussbaum and 
Tait 1977. Good a11d Wake 1992, Tait and Diller 
2006}. Karraker (1999) found a nest with 11 
cream-colored eggs deposited singly beneath a 
small boulder in a first-order stream channel in 
Humboldt County. 

Developmental times are slow, with oviposi­
tion to seJCual maturity taking approximately 
4.5 years (Nussbaum and Tait 1977. Tait and 
Diller 2006). Time from oviposition to hatch­
ing is roughly 8 months (Karraker 1999), with 
time from oviposition to absorption of yolk 
probably closer to a year (Tait and Diller 2006). 
Peak oviposition is in August and September in 
California, with peak hatching occurring in the 
spring (Humboldt County; Tait and Diller 
2006). Larval development from hatching to 
metamorphosis takes 2-z.5 years (Nussbaum 
and Tait 1977, Tait and Diller 2006). After 
metamorphosis. an additional 1-1.5 years of 
growth is required before sexual maturity is 
attained (Nussbaum and Tait 1977, Tait and 
Diller 2006). 

The extended reproductive period and over­
wintering of larvae result in overlapping size 
cohorts in streams (Welsh and Lind 1992, Tait 
and Diller 2006}. Hatchlings are 14-16 mm 
SVL (Tait and Diller :z.006). and size at meta• 
morphosis is around 35 mm SVL (Nussbaum 
and Tait 1977. Good and Wake 1992. Tait and 
Diller 2006). In Humboldt County, larval 
growth rates were recorded as 2.3 mm/year in 
Six Rivers National Forest (Welsh and Lind 
1992.) and 8.9 mm/year in a more coastal site 
in the Mad River drainage (Tait and Diller 
2006}. Larvae and adults weighed more in the 
spring than fall at one site, suggesting active 
foraging and growth over the winter months 
(Welsh and Lind 1992.}. 

Adults are active at air and water tempera• 
tures of 5-1o•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: 



2.7.9•C; Bury 2.008b). Welsh and Lind (1996) 
observed signs of stress in adults at 17.2.•c. 
Thermal tolerances of eggs are unknown (Bury 
2.008b). 

Very few data are available on movement or 
diet in this species. One mark-recapture study at 
a single headwater stream/seep site in Hum­
boldt County found extremely low levels of move• 
ment, with approximately Im/year of movement 
for adults and 2 m/year for larvae on average 
(Welsh and Lind 1992.). However, unrecaptured 
animals may have moved longer distances (20% 

of originally marked animals were recaptured). 
The diet of Rhyacotriton- 11ar~gat11s appears to be 
generalized on aquatic and semiaquatic inverte­
brates, with amphipods and collembolans the 
most abundant prey (Bury and Martin 1967). 

Habitat Requireme,us 

Rhyac.:otriton 11ariegat1is 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 streams with 
coarse, rocky substrates in mesic to moist for. 
ests (Welsh and Lind 1988, Welsh 1990. Welsh 
md Lind c991, Welsh and Lind 1996, Vesely 
and McComb 2002, Welsh et al. 2005, Ashton 
et al. 2006, Welsh and Hodgson 20I1). l<ey 
habitat requirements are the maintenance of 
cold water temperatures (6,5-15°C) and pres­
ence ofloose substrates composed of gravel and 
cobble (Diller and Wallace 1996. 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 91% or 
water temperatures were warmer than 13.5'C 
(Welsh and Hodgson 2.ou). Rliyacotritor1 varie­
gatu.s is extremely desiccation intolerant (Ray 
1958), although it will occasionally venture 
away from the stream channel and use riparian 
and forest habitat in the wet season (Vesely and 
McComb 2002; Vesely and McComb, pers. 
obs., in Welsh and Lind 1996). 

Rhyarotril<m 1,ariegatus is sensitive to fine 
sediment load and embeddedness (Welsh and 

Lind 1996. Welsh and Ollivier 1998) and has 
been found to be positively associated with 
high-gradie11t streams, particularly in areas 
with timber harvesting. This may be due to 
stream network processes that Aush fine sedi­
ments out of high-gradient reaches (Corn and 
Bury 1989, Diller and Wallace 1996, Stoddard 
and Hayes 2005, Ashton et al. 2006). In a 
review of seven studies of R. varitgatus habitat 
associations, Welsh and Hodgson (2008} found 
that the species occurred at sites where fine 
sediment ranged from 2.% to 40%. and zero 
detections occurred when more than 65% of 
the coarse substrate was embedded with fine 
sediment. 

Distribution (Past and Present) 

Rhyacotriton varitgatus occurs patchily at eleva­
tions below r469 m throughout the Pacific 
Coast Ranges of Oregon and California, from 
the Little Ne!ltucca River and Grande Ronde 
Valley in Oregon to near Alder Creek in Mendo­
cino County in California (Good and Wake 
r99.2}. Populations 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 museum specimens of the southern 
long-toed salamander (Ambystoma macrodacty• 
lum sigWatum} in the California State Univer­
sity, Chico collection. 

Suitable microhabitat is patchily distributed 
in California, and R. variegatus is only found in 
suitable sites about half of the time. Random 
stratified sampling of 117 sites throughout the 
geographic range in California found that 45% 
of sites contained suitable mkrohabitat, but 
only 62.% of those sites were occupied (Welsh 
and Lind 199.2). Sampling of 38 different sites 
in the same region selected for the US Forest 
Service •old-growth Wildlife Project" found 
suitable microhabita.t in 79% of sites, with R. 
vczriegcztlls present in 47% of suitable sites 
(Welsh and Lind 1992). Systematic stratified 
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sampling of 53 mixed conifer-hardwood stands 
on public lands in northern California found R. 
variegatus at 62% of sites (Welsh and Lind 

1996). 
Some of the variation in distribution can be 

explained by forest age and timber harvest his­
tories, with R. 1•ariegatus more often found in 
older, unharvested stands. Welsh (1990) sur• 
veyed spring and seep habitats in 34 forest 
stands in the Coast Ranges in California and 
southern Oregon ranging from 30 to 560 years 
old and at elevations of 150-1500 m. Rhyacotri­
ton variegaius was found in 70% of old-growth 
stands, 50% of mature stands, and 11% of 
young stands. Recent surveys of the Mattole 
Watershed in northern California (Humboldt 
and Mendocino Counties) found R. variegatus 
mostly in late-seral headwater tributaries, habi­
tats that are now rare in the watershed (Welsh 
et al. 2005, Welsh and Hodgson 2orr). How­
ever, occupancy rates were higher in young for• 
ests along the coast where temperatures are 
mediated by the maritime climate: R. variega• 
tuswas found in 48%of30 m sampling reaches 
and 80% of entire stream reaches in stands less 
than 80 years old (Diller and Wallace 1996). 

Exact figures are difficult to come by, but 
most of the historical coastal old-growth habitat 
in California is now gone (85-96.5% gone; ref­
erences in USFWS 1997). In addition to habitat 
modification, several investigators have hypoth­
esized that Dicamplodon predation may restrict 
Rh}'acotrilon distribution to small headwater 
stceams (e.g., Stebbins r955, Nussbaum 1969, 
Welsh and Lind r996, Welsh and Ollivier 
1998). However. Rundio and Olson (:1.001) 
found that R. variegatus larvae were unpalatable 
to D. lenebrosus larvae, surviving 90% of 
encounters in experimental trials. 

Trends in Ab1,1ndance 

llstimates of abundance are not available for 
time periods before timber harvesting became 
a prominent factor in landscape management, 
but the highest documented abundances over 
the last several de.::ades have been in late-seral 
sites. supporting the idea that abundances are 

170 SALAMANDERS 

reduced in response to disturbances such as 
timber harvest and road building. Rhyacotrilon 
l'ariegatus 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, Humboldt County 
(Welsh and Lind 1992). However, most sites in 
that study yielded 1-5 captures/10 m• (Welsh 
and Lind 1992). By sampling across the range 
of R. v,niegatus in California and across stands 
of different ages, Welsh and Lind {1996) docu­
mented a much lower mean density of o.68 
salamanders/m'. In young stands in coastal 
northern California (<80 years old), Diller and 
Wallace (r996) found that densities were 0.18-

5.5 salamanders/m'. Welsh et al. (2.000) reana• 
lyzed Welsh and Ollivier's (1998) data from 
sites in Prairie Creek Redwoods State Park in 
Humboldt County for comparison 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 
0.72 salamanders/hour on parkland compared 
to 0.05 salamanders/hour on harvested lands 
{Welsh et al. 2000). In Oregon, densities aver­
aged 0.29 salamanders/m' on forested lands 
versus 0.04 salamanders/m' on logged habitat 
(Corn and Bury 1989). 

Nature and Degree o_fThreot 

Major threats to this species include timber 
harvesting, road building, rural development, 
marijuana cultivation, and climate change. 
Rhyacotrito,~ variegatus is sensitive to the 
impacts of timber harvesting and road building 
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. 2006, Olson et al. 2007, Welsh 
and Hodgson 2.008). While R. variegcitus can 
persist in some harvested areas, particularly in 
cc,astal forests where the effects of logging may 
be ameliorated by the milder climate (e.g., 



Welsh 1990, Diller and Wallace 1996; S. Barry. 
unpublished data). it occurs in more sites and 
with higher density in older stands. 

Habitat loss and degradation due to rural 
residential development and marijuana cultiva­
tion is a growing concern for this species in Cali­
fornia. Every new house built in forested lands 
requires a source of water, which is often pro­
vided by diverting headwater streams. In some 
cases. R. varitgahis has been observed to occur 
above but not below such diversions (M. van 
Hattem, pers. comm.). 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 negative impacts due to grading, roadbuild­
ing, and the application of herbicides and pesti· 
cides (e.g .. Thompson et al. 2.014). 

Rliyacotriton i,ariegatus has slow develop­
mental times and low vagility. leading to poten­
tially high susceptibility to rapidly changing 
environmental conditions. Expected climate 
changes within its range over the next 100 

years indude increased temperatures. changes 
in hydrology, changes in fire regime, and vege­
tation shifts. Mean annual temperatures are 
expected to increase throughout the range of R. 
i•ariegatus in California (reviewed in PRBO 
2011). The frequency of eKtremely hot days is 
projected to increase. with roughly 9 additional 
days over 32 .. 2•c (Bell et al. 2004). Such tem­
peratures exceed the critical thermal maxima 
for adults and larvae of R. variegatus. although 
water temperatures, microhabitat structure, 
and behavioral thermoregulation may amelio­
rate these effects. For coastal populations, 
upwelling is expected to intensify, which may 
increase fog development and contribute 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 are less dear, 
with some models predicting modest increases, 

others modest decreases, and others reductions 
in rainfall of up to .28% {reviewed in PRBO 
2011). Warmer temperatures will result in less 
precipitation stored as snow, and reductions of 
30-80% are predicted for snowpack accumula­
tion in northwestern California {Snyder et al. 
2004, Cayan et al. 2.008b). The timing of 
spring snow melt has shifted later in the spring 
in this region over the last 50 years (Stewart et 
al. 2.005). though the timing of future shifts is 
unknown. Reductions in water availability due 
to reduced snowpack and possibly reduced pre­
cipitation will affect the timing and magnitude 
of stream flows. This may negatively affect 
habitat quality and availability fo1 all life stages 
of this highly aquatic salamander. How fire 
regime will be affected by climate change in 
northwestern California is not well understood. 
Some models predict little change in fire 
regime or even decreases in area burned along 
the northern coast (Fried et al. 2.004, Lenihan 
et al. 2008}, while increases in area burned 
have been predicted for the southern coast of 
northwestem 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 mortality and habitat degradation due to 
fire have been documented in other stream­
breeding amphibians (e.g .. Camradt and Kats 
1997, Pilliod et al. 2003). Vegetation communi­
ties are expected to shift from moist conifer to 
drier mixed evergreen forest, with reductions 
in Douglas fir and redwood forest in particular 
(Lenihan et al. 2.008, PRBO 2.ou). It is unclear 
what effect these shifts may have on R. i•ariega­
tus because stream conditions and forest age 
seem to be more important indicators of habitat 
quality than forest type. 

Stat11s Determi11aiiot1 

Rhyacotriton variegatus is a Priority I Species of 
Special Concern due to its high degree of habi• 
tat ~pecificity resulting in a patchy distribution 
in isolated habitat islands, high degree of 
genetic variation among management units, 
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and association with late,seral forests that are 
now rare and often ecologically compromised 
by timber harvesting (Good and Wake 1992, 

Welsh and Lind 1996). 

Management Recommendations 

Rhyacctriton variegatus populations would ben• 
efit from forest management activities that 
maintain cold water temperatures and low sedi• 
mentation levels such as decreasing the use 
and building of roads. decreasing timber har• 
vest, and leaving riparian vegetation intact in 
harvested areas. Suitable microhabitats should 
be surveyed for R. variegatus presence during 
the wet season when salamanders are more 
likely to be detected before such areas are dis• 
tut'bed (Tait and Diller 2006. Olson et al. 
2007). Monitoring activities themselves can 
damage sensitive microhabitats (L. Diller, pers. 
comm.). and personnel should be well trained 
in techniques to minimize such negative 
effects. Occupied microhabitats in particular 
should be protected from direct impacts of 
heavy equipment. Jn areas where timber har­
vest occurs, vegetation should be left intact 
around It variegat1u habitat. particularly to 
maintain canopy cover, though the width and 
configuration of such buffers is an important 
research need detailed below. ln the absence of 

more detailed research, Olson et al. {2007) rec­
ommend using relatively wide buffers on the 
order of 40-150 m to maintain obligate ripar­
ian species. In addition to buffers along 
streams, habitat should be left intact around 
seeps r1eave 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, l>ut protection of large 
channel networks and associated seeps and 
springs to maintain aquatic and upland con• 
nectivity would likely help maintain popula­
tions of R. variegat11s (Welsh and Lind 1992. 
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Vesely and McComb 2002.. Olson et al. 2007. 

Welsh 2ou). 

Monitoring, Research, and Survey Ne~ds 

Several studies have been conducted to deter­
mine the presence/ absence of Rh}'acotriton 
vari,:gatus across the landscape, and such sur• 
veys should continue. A critical research need 
is studies that monitor population abundance 
over time, particularly under differenl timber 
harvesting regimes. Given the long life span 
and slow development time of this species. 
such long-term studies might provide insights 
that shorter. single•season analyses would 
miss. When possible, population estimates in 
managed forests should be compare{i to R. vari• 

egatus abundance in nearby undisturbed 
mature forest stands (i.e., reference popula­
tions) to assess the impacts of disturbance 
(Welsh i.ou). Additional studies on movement 
ecology and dispersal beyond localized move. 
ments would aid in designing management 
stt'ategies to promote habitat 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 between waterways, or both (Welsh 
and Lind 1992, Olson et al. 2007. Welsh 20n). 

Experiments that test the efficacy of buffer 
strips for maintaining favorable habitat condi• 
tions in harvested areas would also be valuable. 
Buffer strips from 6 to over 90 m wide have 
been proposed for maintaining riparian fauna 
under a range of management scenarios 
(reviewed in Olson et al. 2.007). Stoddard and 
Hayes (2005) recommended buffer strips 
>46 m wide for Rkyacotriwn. Similarly. ripar• 
ian buffer strips 40 m wide around first 
through third-order streams in Oregon sup­
ported similar salamander abundance (includ­
ing R. variegatus) as unharvested stands (Ves­
ely and McComb 2002). Welsh and Hodgson 
(2008) recommend stream temperatures <r5°C 
to maintain populations. The relationship 
between the size and aspect of a subbasin. the 
amount of the surrounding area harvested, the 



resulting maximum stream temperature. and 
how much buffer would be required to amelio­
rate any critical biological temperature thresh­
olds are important research needs (Welsh et al. 
2005). Temperature is not the only factor that 
can l>e 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 first identify areas 
with suitable habitat. In surveys for R. variega• 
tus in Douglas fir/hardwood forests in the 
Klamath region, Welsh and Lind (1992, 1996) 
defined minimum essential microhabitat for R. 
variegatui as an area of at least ro m• of flowing 
water (e.g., a patch of spring seep or first- or 
second-order streamsl at least 75 m away from a 

forest edge. Within these sites. aquatic searches 
seemed most effective at detecting R. variega­
tus. as they are rarely encountered using tech­
ttiques such as terrestrial pitfall trapping (e.g., 
Welsh 1990). Sampling should be done in the 
spring when R. variegatus are most abundant 
(Welsh and Lind 1992, Ashton et al. .2006, Tait 
and Diller 2006). 

Landscape genetic studies that quantify levels 
of connectivity within and across stream systems 
would help to better delimit local management 
units as well as important dispersal corridors for 
this species. Studies similar to recent analyses on 
another western stream salamander. the Idaho 
giant salamander (Dirn1nptod,:m aturimiis) {Mul­
len et al. 2010). would be particularly instructive 
as a way to examine the relationship between 
stream connectivity and salamander gene flow. 
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RED-BELLIED NEWT 

Taricha rivularis {Twitty 1935) 

Status Summary 

Taricha rivu!aris is a Priority .2 Species of Spe­
cial Concern, receiving a Total Score/Total Pos­
sible of 81% (69/ 85}. Duting the previous 
evaluation, T. rivularis was determined to not 
merit Species of Special Concern status (fen­
nings and Hayes 1994a). Taricka riv1daris 

ranked high enough. to warrant status in th.e 
current evaluation, although very little infor• 
mation is available on population distribution 
or abundance trends. 

tdentificoiion 

All species in th.e genus Taricha are stocky, 
medium-to-large newts with granular skin, 
dark dorsal coloration, and indistinct or absent 
costal grooves (Petranka 1998. Stebbins 2003). 

Taricha rivularis has bright, tomato red ventral 
coloration and reaches up to 8 cm SVL (Steb­
bins .2003). Jn all members of th.e genus 
Taricha, breeding males seasonally acquire 
smooth skin and an enlarged tail fin (Petranka 
1998). Larvae have a stream-type-like morphol-
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ogy where the tail fin does not extend all the 
way to the shoulders (Stebbins 2003). The 
range of T. rivularis overlaps with the range of 
the rough•skinned newt (T. granufosa). and the 

Red-fMliw Nl!Mlt: Risk Faclors 

Rankill8 Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 15 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 10 

vi. Population trend (25) Data 
deficient 

vii. Vuloerability to climate change (10) 7 

viii. Projected impacts (10} 7 

Total Score 69 

Total Possible 85 

Total Score{fotal Possible .81 
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PHOTO ON PREVIOUS PACE: Red-bellied newt, Mendocino County, California. Courtesy of Adam Clause. 



southeastern edge of its range overlaps with the 
Coast Range newt (T. torosa). These species can 
be distinguished based on several morphologi­
cal and color characteristics. ln addition to dis­
tinctive red ventral coloration, T. ri11ularis has 
dark brown eyes, compared to the yellow or sil­
very irises in the other species (Twitty 1935). 

Taxonomic Relatio11ships 

TaricJia rivularis was described on the basis of 
the clear morphological differences existing 
between it and other California Taricha (Twitty 
1935), and its species status has never been 
questioned. Gene flow among populations was 
previously thought to be very low because ani­
mals return to the same stream areas for bree,d­
ing and show very strong homing behavior 
(Hedgecock and Ayala 1974, Hedgecock 1978; 
see the "Life History• section). Kuchta and Tan 
(2006a) found low levels of allozyme and rnito• 
chondrial DNA divergence among four popula­
tions in th.e north and south of the range, which 
may suggest that gene flow is higher than pre­
viously thought. Although T. rivularis shows a 
high degree of philopatry, long-distance move­
ments are well documented, and this may 

explain the observed low levels of divergence 
(Kuchta and Tan 2006a). 

Ufe History 

Breeding coincides with the receding of streams 
after heavy winter rains (Twitty 1942). Adults 
are terrestrial, and the aquatic breeding phase 
lasts from February to May. with most breeding 
occurring between March and early April 
(Twitty 1955, Packer 1960, Twitty 1966, Steb­
bins 1985). Males typically breed annually, 
whereas most females breed every 2,-3 years 
(Twitty 1961, Twitty et al. 1964). Adults have 
been observed returning to the same-i5 m seg­
ment of creek to breed across multiple years 
(Twitty 1959, Packer 1962, Packer 196}, Twitty 
et al. 1967a}. Adults tend to use a small reach of 
stream 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-

eters across years and have excellent homing 
abilities (Twitty 1959. Packer 1962., Twitty et al. 
r964. Twitty et al. 1967a). After breeding. 
adults leave streams but usually remain in the 
same drainage {Twitty et al. 1967b). Fall rainfall 
triggers movement, but heavy rainfall can 
inhibit ovedand mQvement (Packer 1960, Grant 
et al. 1968), and sustained rainfall, increased 
stream volume. or increased sediment load can 
stimulate animals to temporarily leave breeding 
streams {Packer 1960). Little is known about 
terrestrial habitat use by metamorphs. Under­
ground retreats are used from May to October. 
and adults forage on the surface before and as 
they migrate to streams (Twitty 1966. Licht and 
Brown 1967, Marks and Doyle 2005). 

Eggs are attached in a single layer to the bot• 
tom of stones or submerged vegetation in fast­
flowing water (Twitty 1935, Twitty 1942). The 
average size of an egg mass is 10 eggs (range 
6-16) (Twitty 1935. Riemer c958, lwitty 1964), 
and as many as 70 egg masses have been 
observed attached to a single stone (Twitty 1935, 
Twitty i942). The incubation period in the lab 
is 16-34 days, with faster development times at 
warmer temperatures (Licht and Brown 1967). 
Larvae hatch at a minimum of 10 mm TL (Rie­
mer r958, Twitty 1964) in mid to late April and 
metamorphose in late August (Licht and Brown 
1967) at 45-55 mm TL (Stebbins 1951). There is 
no evidence that larvae overwinter in streams 
(Riemer 1958, Twitty 1964). It is unknown how 
far or to what habitats metamorphs travel. but 
they go into hiding shortly after metamorpho­
sis (Twitty 1955, Twitty 1961, Twitty 1966, 
Twitty et al. 1967b). Juveniles are not captured 
in terrestrial habitats when adults are abun­
dant, suggesting that they remain under­
ground, or at least in a distinct, unknown 
microhabitat. for several years (Twitty et al. 
1967a). It takes approximately 5 years to reach 
st>xual maturity (Licht and Brown 1967). 
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 >90% in most years (Twitty 1961). At one 
site in Sonoma County, 40% of originally 



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

Insects and other small invertebrates pre­
sumably make up the bulk of the diet oflarvae 
and adults. In one study, adult stomach con­
tents contained exclusively terrestrial organ­
isms (mostly inse<:ts}, and adults apparently do 
not feed while in the water during the breeding 
season (Packet 1961. Licht and Brown 1967). 

Habitat Req11ireme,1is 

Taricka rivularis is found in redwood forests 
along the coast, although other forest types such 
as Douglas fir, Ian oak, and ma.drone are also 

used (Marks and Doyle 2005). Aquatic breeding 
habitats are moderate to fast-flowing mountain 
streams with rocky bottoms (Twitty t9;5. Steb­
bins 1951). In the Mattole Watershed (northern 
Mendocino and southern Humboldt Counties), 
T. rivularis wa.~ 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 2011). Otherfea­
tures of occupied stream habitats were water 
temperatures ,anging between 15°C and 26°C. a 
mix of coarse streambed substrates, and inter­
mediate levels of canopy closure (Welsh and 
Hodgson 2011). Unlike other members of the 
genus, T. rivularis rarely breed in ponds or other 
standing water habitats (Riemer 1958, Stebbins 
1985) and seem to avoid streams used by T. torosa 
(Twitty 1942., Twitty 1955). Taricha rividaris will 
breed in the same streams as T. gran!llosa but 
tend to use faster-flowing reaches (Twitty 1942.). 

Distribution (Pasi and Pre.sent) 

Taricka rivularis is endemic to California and 
has the smallest geographic distribution among 
its congeners (Stebbins 2003). The species 
occurs in coastal northern California in Son• 
oma, Lake, Mendocino. and southern Hum• 
boldt Counties, at elevations from r50 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 an introduction 
or a native population (Reilly et al.. in press). 

Some habitat has likely been lost to vineyard 
and other agricultural development in Sonoma 
and Mendocino Counties, although systematic 
surveys are not available {H. Welsh, pers. 
comm.). Some populations have been lost due 
to damming of creeks and rivers (e.g .. Skaggs 
Spring. which was inundated during the for­
mation of lake Sonoma). Data from the Mat• 

tole Watershed in the mid-199os documented 
T. rivularis presence in 35% of sampled streams 
(Welsh et al. 2005), with T. ri11ularis restricted 
to the forested southern portions of the water­
shed {Welsh and Hodgson 2.011}. 

Trends i11 AIJunda11ce 

Few abundance data are available for this spe­
cies. Hedgecock (c97&) used Twitty's (1961, 
1966) census data to estimate that -60,000 

breeding adults occurred along a -2.5 km 
stretch of creek in Sonoma County. In the Mat• 
tole Watershed. 300 m stietches of randomly 
selected stream reaches (n-83 stream reaches) 
yielded 24 metamorphs and 104 aquatic larvae 
(Welsh and Hodgso11 2ou). 

Nature and Degree of Threat 

The paucity of distribution and abundance data 
makes it difficult to determine the status of 
most Taricha rivularis populations. However, 
the species has a small range in an area that 
has experienced high levels of habitat conver­
sion to vineyards and subdivisions, rendering 
them vulnerable to habitat loss and fragmenta­
tion (Marks and Doyle 2005). 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. 

rivularis 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 (,eviewed in PRBO 20n); 

however, maximum temperature tolerances of 
T. rivu!aris are unknown. Taricha rivzdaris popu• 
lations on the coast may be less affected by tern• 
perature increases because upwelling is 
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expected to intensify. potentially leading to 
increased fog development and cooler, moister 
conditions (Snyder et al. 2.003, Lebassi et al. 
2009). Potential changes in precipitation are 
less clear, with some models predicting little 
change and others reductions in rainfall ofup to 
28% (reviewed in PRBO 2.011). If conditions 
become warmer and drier. especially in inland 
sites. this may restrict terrestrial habitat use and 
overland dispersal. Changes in precipitation 
may affect stream hydrology, although how T. 
rivularis will respond to such changes is 
unknown. How fire regime will be affected by 
climate change in noithwestern California is 
not well understood. Some models predict little 
change in fire regime or even decreases in area 
burned along the northern coast (Fried et al. 
2004. Lenihan et al. 2008}. Increases in area 
burned have been predicted for the southern 
coast of northwestern California and inland 
areas (Lenihan et al. 2008). Westerling et al. 
(2ou) projected a 100% increase in area burned 
in northwestern California under some scenar­
ios. How fire impacts T. ri1•ularis n~ds more 
study, although direct mortality and habitat deg• 
radation due to fire has been documented in 
other stream-b1eeding amphibians in similar 
habitats (e.g., Gamradt and Kats 1997, Pilliod et 
al. 2.003). Vegetation communities are expected 
to shift from moist conifer to drier mixed ever• 
green forest, with reductions in Douglas fir and 
redwood forest in particular (Lenihan et al. 
2008, PRBO 2011). Taridia rivularis may not be 
severely negatively affected by such shifts, as 
they use multiple forest types. 

Status Determination 

Taricha rivularis has 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. 

Management Recommendations 

Given the limited ecological information on this 
species outside of a handful of sites, it is difficult 

to make management recommendations other 
than protecting known breeding habitats. Distur­
bances such as timber harvest, roadbuilding and 
use, housing development, agricultural develop• 
ment, and water diversions should be minimized 
or eliminated in Taricha rivularis habitat. Occu­
pied habitat should be protected, with a focus on 
protecting the entire stream network (Olson et al. 
2007. Welsh 2011). Retaining streamside buffers 
on managed lands can help mitigate the effects 
oflogging and roadbuilding. but m,:,re research is 
needed to determine buffer prescriptions, par­
ticularly how to protect stream network processes 
(Olson et al. 2007). The ecological effects of 
buffer protections may vary across habitat types. 
and narrower buffers may be effective in more 
mesic coastal habitat compared to m,re xeric 
inland sites. One model recommends riparian 
management zones 40-150 m wide and patch 
reserves along headwater streams to accommo­
date upland habitat use and promote connectivity 
among drainages (Olson et al. 2007). Given the 
long-range movements documented in this spe­
cies, large terrestrial habitat patches may be nec• 
essary to maintain connectivity among popula­
tions. Any efforts to translocate individuals 
should also take the strong evidence for adult 
homing behavior into account, as animals are 
likely to try and return to their original streams. 
Construction of new roads should be minimized 
or avoided in areas where protecting T. rivularis is 
a high conservation priority. To reduce the sedi­
mentation impacts of runoff from roads, forest 
roads should be disconnected from stream sys­
tems (e.g., through the use of ditch-relief cul­
verts). Use of heavy equipment should be avoided 
or restricted on forest roads when larvae are 
present in nearby aquatic habitat. Road manage• 
m.ent strategies should be applied to all fo1est 
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 2.008), although research 
is needed into the design and efficacy of such 
interventions. 



Monitoring, Research, and Sur11ey Needs 

Surveys to determine the current distribution 
of occupied breeding habitats are a first step to 
documenting potential extirpations. Resurveys 
ofTwitty'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 whe1e demographic data have 
been collected (e.g., Twitty 1961, Twitty 1966). 
However. locating the original sites has proven 
difficult. and they may occur on private lands 
that are largely inaccessible (S. Kuchta, pers. 
comm.). Basic ecological research into 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 on dispersal, 

using both field and genetic techniques. Experi­
ments that moved individuals to different 
streams found that animals traveled overland to 
return to their native streams. moving 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 patches of terrestrial habitat 
will be needed to maintain connectivity among 
populations. Finally, although it is assumed 
that introduced trout and bullfrogs are not a 
threat to Taricha due to their toxic skin secre­
tions, this should be examined for eggs. larvae, 
and breeding adults. In other California newts. 
recent experimental research has shown that 
larval T. torosa are highly susceptible to preda­
tion by Ambysloma (Ryan et al. 2009), and tet­
rodotoxins have not been isolated from larvae or 
eggs of T. gmnulosa ( Fuhrman 1967). 
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COAST RANGE NEWT, SOUTHERN POPULATIONS 

Taricka iorosa (Rathke 1833) 

Status Summary 

Populations of Taricha torosa from the Salinas 
River in Monterey County south constitute a 
Priority 2 Species of Special Concern, receiving 
a Total Score/Total Possible of 66% (73/no). 
During the previous evaluation, these popula­
tions were also considered Species of Special 
Concern (Jennings and Hayes 1994a). 

Identification 

Taricha are stocky. medium-to-large newts (up 
to 8 cm SVL) with granular skin, indistinct or 
absent costal grooves, and dark dorsal coloration 
(Petranka 1998. Stebbins 2003). Taricha torosa 
has yellowish brown to dark brown dorsal col­
oration and pale yellow to orange ventral colora­
tion (Petranka 1998). Adults that enter aquatic 
habitats for breeding develop smooth skin and a 
flattened tail while they are in the aquatic habi­
tat, and the tail fin becomes enlarged in males 
(Stebbins 2003). larvae are pond type. with 
large gill filaments and a large fin, and have two 
dark. irregular longitudinal stripes running 
down the back (Stebbins 2003). 

!80 SALAMANDUS 

Taricha torora is the only newt in southern 
California but may be confused with other 
Taricha species in northern California, and 
with the Sierra newt (T. sierra<:), where the two 
overlap in Tulare County. All of the characters 
for distinguishing among Taricha can be 

Coosl Range Newt, 5ovthem Populations: /Uik Faclo1s 

Ranking Criteria (Maximum Score) Score 

i. Range size {10) 10 

ii. Distribution trend (2S) 15 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 10 

v. Ecological toleran.ce (10) 3 

vi. Population trend (25) 15 
vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 3 

Total Score 73 

Total Possible 110 

Total Score/Total Possible 0.66 
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variable, and in some individuals differentiat­
ing the species can be difficult. Taricha torom 
resembles T. granulosa but can be distinguished 
based on the extensive light ventral coloration 
that reaches the underside of the eyes, eyes that 
extend beyond the margin of the head when 
viewed from above, and palatal ttttb in the roof 
of the mouth forming a Y shape (Stebbins 
2003). In T. granuCosa, the darlc dorsal colora­
tion extends beneath the eyes, the eyes are more 
closely inset and do not extend to the margin of 
the head when viewed from above, and the teeth 
in the roof of the mouth are in a V-shaped con­
figuration (Stebbins 2003). Taricha rivularis has 
dark eyes (T. torosa has yellow in the eyes), a 
tomato red venter, and dark coloration under 
the limbs and over the cloaca (Stebbins 2003). 

Tariclia sierrae tends to be darker brown dor­
sally tl1an T. torosa and has a burnt or reddish 
ventral coloration (Stebbins 200}). Taric/1a sier­
rat: also has more of the lighter ventral colora­
tion on its snout and upper eyelids than T. torosa 
(Twitty 1942, Riemer 1958), and these differ­
ences in color pattern are intermediate in hybrid 
populations (Kuchta 2007). 

Taxonomic: Refatiorrships 

Previously, two allopatric subspedes were recog­
nized: Tari cha torosa sierrae in the Sierra Nevada 
and T. t. torosa in the Coast Range (Riemer 
1958). Phylogeographic work has shown that 
populations in the southern Sierra are T. i. t,orosa 
(Tan and Wake 1995), and further molecular 
work has supported elevation to species status 
for both subspecies (Kuchta and Tan 2006b, 
Kuchta 2007). There is a contact zone between 
the two species around the Kaweah River in 
Tulare County. Kuchta and Tan (2006b) con­
duded that while newts from San Diego County 
do not show long-term evolutionary independ­
ence, they still constitute a conservation unit due 
to genetic differentiation, demographic inde­
pendence, and geographic isolation. 

Life History 

Terrestrial adults migrate to aquatic breeding 
habitats such as ponds. streams, and reservoirs 
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from December to early May, and timing varies 
by locality, weather, and habitat conditions 
(Storer 1925, Twitty 1942, Riemer 1958, Gam­
radt and Kats 1997). Southern populations 
migrate in March and April (Storer 1925, Brame 
r968, Kats et al. 1992) and tend to breed in quiet 
stream pools (Gamradtand Kats 1996, Gamradt 
and Kats 1997). 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 to 47 eggs (Ritter 1897, Storer 1925, 
Twitty 1942., Brame 1956, Brame 1968, Mosher 
et al. 1964). Females may lay 3-6 egg masses at 
a time, but it is unknown if they breed every 
year or skip years like T. riv14laris (Ritter 1897. 
Twitty 1961, Twitty et al. 1964, Brame 1968}. 
Adults typically leave breeding habitats in early 
to midsummer {Kats et al. 1994). 

Eggs hatch after 4-6 weeks (Kats et al. 
1994), and larvae develop for several months, 
typically metamorphosing in summer or fall 
(Kuchta 2.005). Overwintering has been docu­
mented in larvae from Los Angeles (Storer 
1925) and Riverside (Carroll et al. 2005} Coun• 
ties. but given a lack of other reports, this 
behavior is likely uncommon (Kuchta 2005). 

Average size at metamorphosis for a Berkeley, 
Alameda County, population was 47 mm TL, 
although this probably varies widely depending 
on local conditions (Ritter 1897). Larvae from a 
vernal pool in Sonoma County metamorphosed 
in late July and early August at an average size 
of 43.8 mm TL (Kuchta 2005). Metamorphosis 
in permanent water habitats, as are c.ommonly 
used in the southern part of the range, has not 
been studied. 

Tarkha torosa appears to show similar 
breeding site fidelity, homing ability, and Ion• 
gevity as other Taricl1a, although relatively 
fewer data are available from T. torosa. Watters 
and Kats (2006) PlT-tagged 36 breeding adults 
in the Santa Monica Mountains in Los Angeles 
County in the early 1990s, and recaptured ani­
mals for several years. Thiity-nine percent of 
animals originally tagged were recaptured in 
subsequent years, some as long as 11 years later, 



yielding mm1mum age estimates of 12-14 
years. Animals were recaptured on average 
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. 
Once adults leave breeding sites, they use mesic 
microhabitats for aestivation during the dry 
summer (Stebbins 1951, Trenham 1998). 

larvae presumably eat small invertebrates, 
detritus, and possibly cannibalize conspecifics 
(Ritter 1897, Kuchta 2005). Aquatic adults will 
cannibalize eggs and larvae (Ritter r897, Kats 
et al. 1992. Hanson et al. 1994). Terrestrial 
adults are generalist predators consuming a 
variety of invertebrate prey and the occasional 
small vertebrate (Ritter r897, Hanson et al. 
1994, Kerby and Kats 1998). 

Habifat Requirements 

Northern populations occur in mesic forests in 
hilly or mountainous terrain. while southern 
populations occur in drier habitats such as oak, 
chaparral, and grassland (Riemer 1958). South­
ern populations tend to use permanent streams 
for breeding. though recruitment may be higher 
in seasonal reaches that are free of nonnative 
predatory fish (E. Ervin, pers. comm.). Taric1u;i 
t.orosa 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 Monica Mountains in Los 
Angeles County, T. torosa using a perennial 
stream laid 89% of their egg masses in pools 
and 9.5% in runs (Gamradt and Kats 1997). Rif­
fles were rarely used for oviposition {Ga1madt 
and Kats 1997). 

Distribution (Past and Present) 

Taricha toroscz 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 r959, Tan and Wake 
1995). Species of Special Concern status 
extends only to those populations found in 

Monterey County and farther south, excluding 
the southern Sierra Nevada isolate_ Our map 
only shows these populations, though we note 
that it includes museum specimens from the 
San Bernardino Mountains that have been 
questioned (E. Ervin, pers. comm.). Taricha 
torosa is restricted to the Santa Ynez Mountains 
in Santa Barbara County (S. Sweet, pers. 
comm.). The southernmost populations of T. 
torosa are highly fragmented and occur in the 
Santa Monica, San Gabriel, and Santa Ana 
Mountains (Stebbins 1..003). Within Satt Diego 
County, populations farthest south are geo­
graphically isolated from the rest of the range. 
Jennings and Hayes (r994a) 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, pers. comm. in Kuchta 2005). Sur­
veys in the r99os of the foothills and moun­
tains around the Central Valley found Taricha 
species (T. torosa and T. gra»ulosa) absent from 
more than half ofhistorically 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 2002 in the Santa Monica 
Mountains and Simi Hills in southern Califor­
nia found T. torosa present in 43% {15/35) of 
streams ( Riley et al. 2.005). Taricha torosa 
tended to be absent from urban streams, and 
Riley el al. (2.005) 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 Aburidance 

Historically. Taricha torosa was noted as com­
mon along the Pacific slope (Klauber r928, 
Bogert 1930, Klauber 1930, Dixon 1967, 
Brattstrom 19&8), and it may have been one of 
the most abundant amphibians 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 c99os 
but have not been systematically resampled 
more recently (B. Shaffer and W. Koenig, 
unpublished data). Southern populations in the 
Santa Ynez Mountains of Santa Barbara County 
may have always been small (Jennings and 
Hayes r994a). Population size estimates are 
not available, but populations in the south that 
used to be in the hundreds are now in the tens 
(R. Fisher, pers. comm.; 6. Ervin, pers. comm., 
in Kuchta 2.005). with populations in San 
Diego County potentially on the brink of extir· 
pa.lion (S. Kuchta, pers. comm.). 

Nature and Degree of Threat 

Major threats to Taricha torosa include habitat 
loss and degradation, wildfire, introduced spe­
cies, and vehicular traffic (Jennings and Hayes 
1994a). Sedimentation 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 i.s absent from previously occupied 
streams in heavily urbanized watersheds (Riley 
et al. 2005). Wildfire also contributes to habitat 
degradation. Surveys before and after a chapar­
ral wildfire along a perennial Santa Monica 
Mountain stream in Los Angeles County docu­
mented a roughly 50% reduction in the availa­
bility of preferred pool and run habitat due to 
erosion (Gamradt and Kats 1997). As a result, 
egg mass density was reduced by two-thirds 
compared to prefire levels (Gamradt and Kats 
1997). Terrestrial adults were observed to pro­
duce foamy skin secretions while walking 
through a prescribed burn area of chamise 
habitat in Monterey County (Stromberg 1997). 

Negative effects of introduced predators on 
T. torosa have been documented. Jn the Santa 
Monica Mountains in Los Angeles County, 
introduced crayfish ( Procambarus clarkii) and 
mosquitofish (Gambusia a1Jit1is) are predators 
on T. torosa and may be contributing to declines 
(Gamradt and Kats 1996). Stream surveys did 
not detect either invasive species in the 1980s. 
Resurveys in the 1990s of previously used 
breeding habitats found no evidence of breed-

ing in streams with crayfish and mosquitofish 
present. In one case, T. torosa recolonized a 
reach following floods that removed crayfish, 
supporting the hypothesis that crayfish exclude 
newts from breeding habitat. In field and lab 
trials. survivorship of eggs and larvae was less 
than 30% in the presence of crayfish. Mos­
quitofish did not affect egg survivorship but did 
predate heavily on larvae. Only 46% of larvae 
survived in the presence of mosquitofish (Cam­
radt and Kats 1996). Crayfish also aggressively 
attack and chase adult T. torosa out of the water 
(Gamradt et al. 1997). Native California tiger 
salamanders {Ambystoma californiense) will 
prey on T. torosa larvae where the two co-occur 
around the Central Valley. However, recruit­
ment is even lower in the presence of hybrids 
between native A. califor11i1mse and introduced 
barre<! tiger salamanders (Ambystoma tigrinum 
ma11ortium) (Ryan et.al. 2009). 

Bd has been documented in 7% (6/ 90} of 
T. torosa sampled from Santa Clara County 
(Padgett-Flohr and longcore 2007}. but the 
role of Bd in T. torosa 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 expose<! to UV radia­
tion had 40% survivorship compared to 80% 
survivorship of eggs when UV was shielded 
out. However, given that eggs are often attached 
under rocks and lo vegetation, UV is unlikely to 
be responsible for large-scale declines in the 
field (Palen and Schindler 2010). 

Under climate change, mean annual tem• 
peratures are projected to increase throughout 
the southern range of T. tcrosa, with warmer 
winters and summers and earlier spring warm• 
ing expected (reviewed in PRBO 2011). There is 
less certainty about future precipitation pat­
terns, with estimates ranging from little change 
to roughly 30% decreases in rainfall (Sttyder 
and Sloan 2,005. PRBO 2.011}. Warmer and 
potentially drier conditions may affect availabil­
ity of intermittent and ephemeral waterways 
used for breeding. Snowpack reductions of up 
to 90% are predicted in southern California 



(Snyder et al. 2004), which will likely result in 
altered flow regimes. How T. torosa may 
respond to these changes is unknown. The 
probability and extent oflarge (>200 ha) fires is 
expected to increase in the northern part of the 
special concern range (fried et al. 2004, 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 
i11 modeling Santa Ana weather events (Wester­
ling et al. 2004. Westerling and Bryant 2008). 

Increases 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 grassland area 
(Lenihan et al. 2008, PRBO 2011). Taricha 
1-0ron uses all of these habitat types, and the 
effects of shifts in their relative abundance and 
distribution are unknown. 

Status Determination 

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

Mottagement Recommendations 

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

should be a high priority for protection. Upland 
terrestrial habitat also needs to be protected, 
though the extent and configuration of upland 
habitat required to maintain population con­
nectivity needs more study. Measures to pre­
vent invasion or remove existing nonnative 
predators are high-priority activities to stabilize 
populations of this newt. Road mortality is a 
clear issue in some areas, particularly south of 
the Santa Monica Mountains. Road signage has 
been used to try to reduce road mortality in 
Monterey County, although its effectiveness is 
not known. Migration barriers and under-road 
tunnels may reduce vehicular death in key 
areas, though research is needed into the 
design and efficacy of such interventions 
(Schmidt and Zumbach 2008). 

Moniioring, Research, a11d 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 
undertaken for both stream- and pond-breeding 
sites. Monitoring of sites 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
tions following removal. Genetic analyses at the 
landscape level could be very informative with 
respect to both metapopulation dynamics and 
habitat corridor use and should be conducted in 
both relatively intact (e.g .. Santa Monica Moun­
tains) and more fragmented landscapes. 
Research is also needed into potential manage­
ment strategies for dealing with wildfire and ero­
sion control in order to protect breeding habitat. 
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CALIFORNIA LEGLESS LIZARD 

Anniella pulcl1ra Gray 1852 

Status Summary 

Anniella pulchra is a Priority 2 Species of Spe­
cial Concern, receiving a Total Score/Total Pos­
sible of 5~% (61/no). During the previous 
evaluation. it was also considered a Species 
of Special Concern (Jennings and Hayes 

1994a). 

Identification 

AnnielJa pulchra is a medium-sized (11.1-17.8 

cm SYL), elongate, legless lizard that is snake• 
like in body form. This species possesses sev­
eral characteristics that are related to an under­
ground burrowing lifestyle such as smooth 
cycloid scales. a shovel-shaped snout, counter­
sunk jaw, a short blunt tail. and the absence of 
external ear openings (Stebbins 200J). The dor­
sal coloration is generally metallic light silver or 
golden with a black middorsal line down the 
length of the body and black lateral stripes. 
Annie!la pulchra typically have a lemon-yellow 
ventral coloration. Faintly striped variants some­
times occur, and dark-brown and black forms 
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occur on the Monterey peninsula and around 
Monterey Bay, as well as from Morro Bay, 
Monterey County. south to Gaudalupe. Santa 
Barbara County (Stebbins 2.003). This species is 
unlikely to be confused with other lizard species 

Califemia l.tglm Lirard: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) ) 

ii. Distribution trend (2S) lS 

iii. Population concentration/ 0 
migration (10} 

iv. Endemism (10) 7 

v. Ecological tolerance (10) 7 

vi. Population trend (2S) 10 

vii. Vulneiability to dimate change (10) 7 

viii. Projected impacts (10) 10 

Total Score 61 

Total Possible 110 

T01al Score/Total Possible o.ss 
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in California because it is our only legless lizard. 
Though A. pulchra bears a superficial resem• 
blance to some snake species, the presence of 
moveable eyelids effectively distinguishes it. 

Taxonomic Relationships 

Here we treat all California animals as a single 
.species, Anniella pulchra. There is substantial 
evidence for population structure within this 
species in California from karyotype, allozyme. 
mitochondrial DNA, nuclear DNA, and mor• 
phological studies (e.g., Bezy and Wright 1971, 
Bezy et a.I. 1977, Rainey 1985, Pearse and Pog• 
son 2000, Parham and Papenfuss 2009, Pap• 
enfuss and Parham 2013). A recent genetic 
study by Parham and Papenfuss (2009} identi­
fied five major lineages within California and 
documented more extensive genetic diversity 
within the species than previously reported. 
Papenfuss and Parham (2or3) subsequently 
proposed that these dades be elevated to spe­
cies status based on genetic information and 
some additional data on morphology. This revi­
sion occurred as we were finishing our evalua­
tion of special concern status, and we retain the 
traditional arrangement here to allow the her• 
petological community time to evaluate this 
proposed change in taxonomy. 

Life Histor'r 

Breeding occurs between early spring and July 
in these live-bearing lizards. Oviductal eggs 
have been observed between July and October, 
and r-4 young are born after a 4-month gesta­
tion period (Miller 1944, Goldberg and Miller 
1985). Juveniles grow rapidly (2.5-4.4 mm 
SVL/month) and reach sexual maturity after 
about 2 years at ~9 cm SVL for males and after 
about 3 years at -r2 cm SVL for females (Miller 
r944, Goldberg and Miller 1985). Life span in 
the field is unknown, but captive animals have 
survived for almost 6 years (L. Hunt, pers. 
comm .. in Jennings and Hayes 1994a). 

Anniella pulchra is rarely seen active on the 
surface, but they do use the soil/litter interface 
for feeding and mating (Miller 1944). Daily 
activity patterns peak in the morning and 
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evening, though animals have been observed 
active at night (Miller 1944, Stebbins 1954, 
Gorman r957, Bury and Balgooyen 1976, 
Kuhnz 2000). Coastal 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 Morafka 1968. Zeiner et al. r988) . 

little is known about movement ecology. 
These fossorial lizards have been found at soil 
depths from a few to 50 cm below tlte surface 
(Miller 1944, Hunt 1984, Kuhnz 2000). Ani· 
mats have been observed burrowing to a depth 
of 46 cm in the laboratory (Kuhn2 2000). In 
one short-term study (-2 months), 10 lizards 
were recaptured within 10 m of their original 
capture points (Miller r944). A two-year PIT 
tagging study documented an average home 
;ange size of71 m• (Kuhnz 2000). 

Anniella pulchra prefers lower temperatures 
than most other California lizards (-2r-28•c 

in lab trials, Bury and Balgooyen r976; critical 
thermal maximum 34•c, Brattstrom r965), 
which is consistettt with a non-basking fosso­
rial lifestyle. Smface activity by this species is 
likely limited by both ambient and substrate 
temperature (Miller 1944). 

Little is known about the feeding ecology of 
this species. An11ieUa pu!chra is a generalist sit­
and-wait insectivore (Coe and Kunkel 1906, 
Miller 1944) 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. Am1iella pulchra occurs in 
sparsely vegetated habitat types including 
coastal sand dunes. chaparral. pine-oak wood• 
land, desert scl'ub, open grassland, and riparian 
areas (Stebbins 2003; S. Sweet, pers. comm.). 
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 
196&). Soils that are not used include gravel­
sized substrates and those with g1eater than 



approximately 10% clay content, resulting in 
absence of this spedes from serpentine and 
shale bedrock (S. Sweet, pers. comm.). 

At a Monterey County coastal sand dune 
site, A. pulclira 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. 2005). Plant community 
structure also contributed to microhabitat suit­
ability, with A. puJchra more common around 
native shrubs such as silver bush lupine, mock 
heather, and yellow lupine and less common 
around nonnative grasses. forbs, and keplant 
(Kuhnz et al. 2005). In the Mojave Desert, A. 
pulchra can be found in leaflitter under juniper 
trees (}1miperus) (I. [>arham and T. Papenfuss, 
pers. obs.). Soil moisture may also be a limiting 
factor for this species (Burt 1931, Miller c944, 
Bury and Balgooyen 1976). Kuhnz et al. (2005) 
found more lizards in the low areas between 
dunes than in other areas, which may be due to 
water rete11tion. 

Distribution (Past and Present) 

Most of the range of AnnieUa pulckra occurs in 
California. from Contra Costa County south 
through the Coast Ranges. in parts of the San 
Joaquin Valley, the v.restern edge of the Sierra 
Nevada Mountains, the western edge of the 
Mojave Desert, and northern Baja California 
(Hunt t983. Jennings and Hayes 1994a). 
Although most commonly found within 100 

km of the coast, A. pulchra ranges in elevation 
from sea level to about 1800 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 (c994a) estimated that ~20% of his• 
torical habitat is no longer suitable. t>arham 
and Papenfuss (2009) noted that several locali• 
ties they sampled around Bakersfield in the 
early 2.000s no longer existed by the time their 
study was published. However, some popula­
tions have persisted in developed areas, partic­
ularly around fence lines, road verges, utility 
corridors, and gardens (S. Sweet, pers. comm.). 

For example. populations that were present in 
the 1970s were still extant in the 2000s in Fon­
tana. San Bernardino County. in residential 
areas that were formerly the Delhi Dunes 
(S. Barry, pers. comm.). An11iella pulchra has 
also been observed in irrigated gardens in Con• 
tra Costa County where naturally sandy soils 
are available (E. Ervin, pers. obs.). The long­
term viability of populations in such developed 
areas is an important research question. 

Trends in Abundonce 

Very few population size estimates are available 
for this cryptic species. Anniella pulchra can be 
locally abundant, with the highest documented 
density of 1.67/m• occurring under a single yel­
low lupine bush in coastal dune habitat at Moss 
Landing, Monterey County {Kuhnzetal. 2.005). 
Given the high degree of development within 
its coastal range. we suspect that some popula• 
tions are declining. In particular. the black 
form on the Monterey [>eninsula may be at 
great risk given the substantial development 
pressure in the region. 

Nature and Degree ofThreat 

The greatest threats to Anniella p1ilcl1ra 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 species. 
While some disturbance may be tolerated, 
development that covers large areas (>8 ha) can 
potentially cause local extinctions of A. pulchra 

(S. Sweet, pers. comm.). Invasive plants may 
also have a negative impact on habitat suitabil­
ity and abundance (Kuhnz et al. 2.005). Over 
the next 100 years, mean annual tempe1ature is 

expected to increase throughout the range of 
A. pulchra (reviewed in PRBO 20n). There is 
greater uncertainty in how precipitation will 
change, with some models predicting decreases 
in precipitation of up to 37% and other models 
predicting no change or only moderate declines 
(Bell et al. 2004. Snyder et al. 2004, Snyder 
and Sloan 2005, PRBO 2orr). 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 concomitant decreases 
in preferred open hal>itat types such as coastal 
scrub. particularly in southern California 
(Lenihan et al. 2.008, PRBO 2.011). 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. 2004, Lenihan et al. 
2008, Westerling and Bryant 2..008). Fire 
dynamics are more difficult to predict in south· 
ern California. partly due to the role of Santa 
Ana winds (reviewed in !>RBO 2.ou, Franco et 
al. J.0H). How fire affects A. pulchra is 
unknown. Direct mortality effects may be 
small due lo its subterranean lifestyle, although 
indirect negative effects may occur through 
habitat shifts and changes in soil chemistry. 

Status Determination 

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

Management Recommendations 

Protection of dune areas both along the coast 
and in the Coast Range is critical. In occupied 
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 pulchta appears to persist in some 
developed areas provided that sandy soils and 
native plant communities remain intact, incen­
tivizing or requiring natural landscaping in 
low-density housing (as has been done in 
Monterey County for the federally and state 
endangered Santa Cruz long-toed salamander. 
Ambystoma macrodaciylum croceum) may allow 
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lizards to coexist with some development. The 
spread of nonnative plant species into remain­
ing habitat should be minimized. Eradication 
of invasive plants and restoration of native veg­
etation may help increase A. pu!chra density 
and should be explored. 

Monitoring, Research, and Survey Needs 

With a few exceptions (e.g., Miller 1944, Kuhnz 
et al. 2005), little is known about A11nielfo 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
teristics. and population density in coastal 
southern California and the southern Sierra 
Nevada should be conducted to complement 
work in Monterey County. Understanding 
under what conditions this species can persist 
in human-disturbed habitats would be valua­
ble, particularly with respect to soil characteris­
tics and fragmentation that occurs as a conse­
quence of urbanization and agricultural land 
use. Anniella pulchra co-occurs with Argentine 
ants ( Linepithema humile) along the coast, but it 
is unknown whether this introduced species 
has any substantial impacts on A. pu!chra. 

Presence and abundance of this cryptic spe• 
des are both difficult to assess, and more 
research into the best sampling methods for 
different habitats would be useful for the devel­
opment of monitoring efforts. In a comparison 
of survey techniques in dune habitat in 
Monterey County, Kuhnz et al. {2.005) con­
cluded that time-constrained searches were the 
most reliable method for detecting A. pulchra 
presence across a range of population densities 
and dune vegetation 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 al. (2005) 

noted that all survey methods were poor at 
detecting li2ards 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 ac.ross habitat types. For example, some 
investigators prefer to use cover objects at 
inland sires where A. pulchra 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 isolated 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. 

CALIFORNIA UGLEH LIZAJ':D 191 



COASTAL WHIPTAIL 

Aspidoscelis tigris st~negeri (Van Denburgh 1894) 

Status Summary 

Aspidoscdfa tigris stejntgtri is a Priority 2 Species 
of Special Concern, receiving a Total Score/Total 
Possible of 54% (59/no). It was not considered a 
Species of Special Concern during the previous 
evaluation (Jennings and Hayes 1994a). 

rdentification 
Aspid,,scelis tigri:; stej11egeri is a member of the 
A. tigris species complex, a group of 8-13 spe• 
des that are all similar in appearance (Grismer 
2002, Reeder et al. 2002. Stebbins 2003). This 
is a large (6-r2.7 cm SVL), extremely active, 
diurnal linrd with a slim body and a long tail. 
The dorsal ground color is dark, with a series of 
lighter tan or beige spots forming stripes down 
the sides. These stripes may be broken and 
irregular, suggesting a checkered appearance 
(Stebbins 2003, Lemm 2006). The ventral col• 
oration is whitish to cream with scattered black 
spotting which sometimes forms longitudinal 
Jines between the scale rows (Stebbins 2003). 
The dorsal scales are granular, while the ven-
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tral scales are relatively large, rectangular plates 
(Lemm 2006). The scales on the head are also 
enlarged dorsally and ventrally, forming plates 
in front of the gular fold (Lemm 2006). In the 
San Diego area, juveniles develop a distinctive 

Caaslal Whiplail: Risk faclors 

Ranking Criteria {Maximum Score) Score 

i, Range size (10) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 3 

v. Ecological tolerance {10) 3 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 10 

Total Score 59 

Total Possible 110 

Total Score/Total Possible 0.54 
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spotted pattern (Stebbins 2.003; R. Fisher, pers. 
comm.). 

Within its range, A. t. $tej11egeri is only likely 
to be confused with its congener, the orange­
throated whiptail (A. hyperythra). Both lizards 
have similar body shapes and scalation, though 
A. hyperytlira is usually smaller (5-7.2 cm SVL) 
and is marked with well-defined light stripes 
and an intervening dark ground color (Stebbins 
2003). In addition, the males of A. hyperythra 
develop a conspicuous bright ora11ge coloration 
on the throat and underside of the body and 
juveniles have bright blue on the tail (Stebbins 
:3003, Lemm 2006). 

Taxonomic Relationships 

No modern studies of phylogenetics, phyloge• 
ography, or species boundaries exist within the 
Aspidoscelis tigris species complex, although the 
validity of this subspecies has not been ques• 
tioned. Reeder et al. (2.002) presented a phylo­
genetic analysis of whiptail lizards of the genus 
C!'ltmidophoms (sensu lato) and showed that 
the genus, as historically defined, was not 
monophyletic. To remedy this, they moved 
North American whiptails to the genus Aspido• 
scelis, an arrangement that is now widely 
accepted. 

Some confusion surrounds the application 
of the name A. t. stejnegeri in the literature. A 
closely related whiptail occurs as an insular 
endemic on Isla Cedros, Baja California, Mex­
ico, which most authors refer to as the subspe­
cies A. t. multisculata (previously, Cnemidopho­
ms 1.igris rnultiscutatus). However. others have 
treated A. t stejnegeri as a junior synonym of A. 

t. multiscutata and refer both the insular 
endemic and the coastal southern California 
forms to this latter name. Thus. some literature 
referring to the A. tigris subspecies in southern 
California uses A. t. nrnltiscutata. This has 
sometimes Jed authors to consider the two 
names to refer to two separate biological ta,ca 
that both occur in southern California {Maslin 
and Secoy r986). To clarify. there is only a sin• 
gle member of the A. tigris complex in coastal 
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southern California, and its currently accepted 
name is A. t. stcjncgeri. 

Life History 

The life history of Aspidoscelis tigris stejnegeri is 
poorly studied, particularly within its Califor• 
nia range. although it is probably similar to 
other subspecies within the A. iigris species 
complex. This is a diurnally active, wary lizard, 
which rarely stops moving during its activity 
period. Aspidoscelis tigris stejnegeri is a general­
ist predator that actively searches for insects. 
spiders, scorpions, and other small arthropods, 
including larvae (Grismer 2002. Lemm 2006). 

Some subspecies in the complex are known to 
prey upon small lizards, though thls has not 
been documented in A. t. stejnegeri to our 
knowledge. Aspidosce#s tigris sfejnegtri is a rela­
tively high-temperature 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• 
her, although juveniles can remain active into 
November (Grismer 2.002). When active, A. t. 

st9negeri moves with a distinctive gait, taking a 
step, halting brieRy. then moving again in rapid 
succession. 

Reproduction takes place in spring and 
summer. Grismer (2002) documented gravid 
females and courtship behavior in mid-July itt 
Baja California. Courtship may occur earlier in 
the California populations (Lemm 2006), 
although few data exist. Hatchlings begin to 
appear in late July and August in Baja Califor­
nia; again, this may occur earlier in California 
(Grismer 2002., Lemm 2.006). 

Habitat Requirements 

Aspidoscelis tigris stejncgeri can be found in a 

wide variety of habitats within the California 
portion of its range. including coastal sage 
scrub, chaparral, riparian areas. woodlands, 
and rocky areas (Lemm 2.006). Early observa• 
tions of this subspecies in California. as well as 
data from the Baja California portion of the 
range, indicate that the species prefers sand-



and/or gravel-bottomed habitats and brushy 
areas associated with washes-habitats that 
have largely been destroyed by development in 
southern California (J. Grinnell, pers. comm. 
reported in Van Denl>urgh 19:z.2). The species 
continues to persist outside of these preferred 
habitats, particularly in open chaparral and 
coastal sage with a gravelly substrate (Grismer 
2002, Cooper and Matthewson 2008), 

although possibly at reduced densities. Aspi,fos­
ce!is tigris stejnegeri requires large bloc.ks of con­
tiguous habitat and is rarely encountered where 
development and roads have fragmented the 
available habitat (Case and Fisher 2001. 

Brehme 2003, Cooper and Matthewson 2008). 

Disiribution (Past and P,esent) 

Aspidoscelis tigris steJ11egeri was formerly present 
in California from the southern slopes of the 
Transverse Ranges south to the United States­
Mexico border and east to the Peniru.,tlar Ranges 
{Van Denburgh c922}. In Mexico, it ranges far­
ther south between the coast and the western 
slopes of the Peninsular Ranges, eventually inter­
grading with the reddish whiptail (A. t. rubida) in 
the Vizcaino region of the central Baja California 
peninsula. In California the species occurs from 
sea level to about 1500 m (Lemm 2.006). 

The species is apparently extirpated, or 
nearly so, from large areas of the Los Angeles 
basin and the San Diego region due to habitat 
loss. By 192.2, the species was already scarce in 
the vicinity of Pasadena, reportedly as a result 
of habitat loss due to development (J. Grinnell, 
pers. comm. reported in Van Denburgh 1922). 

Further declines have occurred throughout the 
Los Angeles basin and in coastal San Diego 
County (Stebbins 2003; R. Fisher, pers. 
comm.). Mu.ch of 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 lower Santa Ana 
canyon. San Bernardino County, California, in 
1905. This area is now heavily modified and 
does not provide ideal habitat for this taxon. By 
1922, the lizard was reportedly "rare" in the 
vicinity of Pasadena because of habitat frag• 
mentation and loss (J. Grinnell. pers. comm. 
reported in Van Denburgh 1922), although 
Bogert (1930) reported it as being moderately 
common throughout the southern foothills of 
the San Gabriel Mountains and most of the 
Santa Monica Mountains. Atsatt (19q) reported 
that it was frequently encountered throughout 
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 ls reasonable to assume 
that declines are continuing. 

Nature and Degree ofThreat 

The primary threat facing Aspidoscelis tigris sk:­
jnegeri is habitat loss and fragmentation due to 
development. This species occurs in some of 
the largest population centers within California 
and requires relatively large habitat blocks. 
making it particularly susceptible to urbaniza­
tion. Further, the increasing frequency and 
intensity of wildfires in southern California 
may convezt large portions of its remaining 
habitat to suboptimal grassland, causing fur­
ther declines in range and/or abundance 
(Lemm 2006. Rochester et al. 2.010. R. Fisher. 
pers. comm.). Projections from several climate 
models suggest that the frequency and inten­
sity of wildfires in southern California could 
increase, although these results appear to be 
stro1tgly dependent on the model that is 
employed (Cayan et al. 2008b. Franco et al. 
20ll, PRBO 2011). If this occurs, additional 
habitat destruction is likely to occur, negatively 
impacting this species. 

COASTAL WHtrTol,IL 195 



Status Determination 

Documented and ongoing declines in the dis­
tribution of this species, coupled with ongoing 
suspected declines in abundance, are the pd· 
mary contributors to this status. Aspidoscelis 
tigris st~negeri 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. 

Mat1agement 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 Community Con­
servation Planning where the process permits. 
Establishing the minimum size of habitat 
blocks is a critical research need. Until these 
data become available. additional fragmenta­
tion and degradation should he prevented in 
habitat patches that currently support this 
taxon, and corridors of suitable habitat that con-

nect occupied patches should be identified, pro­
tected, and/or restored as necessary. 

Monitoring. Researi::h, and Sur11ey N.ieds 

Additional data on this taxon's home range size, 
habitat requirements, and movement ecology 
are required to determine the minimum patch 
sizes and maximum amount of fragmentation 
that can support viable populations. As for many 
active. wide-ranging species. the effects of road 
traffic on mortality would be valuable informa­
tion for future management efforts. Abundance 
surveys should be conducted in remaini11g pop­
ulations of Aspidosceli$ tigris stejnegeri. Informa­
tion on abundance should be correlated with the 
local habitat patch size to better understand the 
minimum patch size required for population 
persistence. Further research should examine 
the effect of moderate habitat fragmentation on 
existing populations if habitat corridors between 
patches can be maintained. Given the patchy 
nature of the species. a landscape genetic 
approach that quantified both connectivity and 
effective population sizes of remaining popula• 
tions would be valuable. 



SAN DIEGO BAN DEO GECKO 

Co/eonyx variegatus abboiti Klauber 1945 

Status Summary 

Cofeon-yx variegaiu, abboiti is a Priority 3 Spe­
cies of Special Concern, receiving a Total Score/ 
Total Possible of 54% (59/uo). It was nol con• 
sidered for Species of Special Concern status 
during the previous evaluation (f ennings and 
Hayes 1994a). 

tderitificotion 

Coleonyx variegatus abbotti is a small (maxi­
mum 5.8 cm SVL) lizard with slender padless 
toes, moveable eyelids, vertical pupils, and soft 
skin covered in fine granular scales (KJauber 
1945, Grismer 2002, Stebbins 2.003). Th.e dor­
sal ground coloration is variable and ranges 
from pale yellow to grayish pink. A series of 
contrasting darker•brown or tan lateral cross­
bands ei,:tend down the length of the body and 
are approximately the same width or narrower 
than the intervening areas of ground colora• 
tion. Areas betwttn bands occasionally contain 
spots of the darker coloration. The head is dark 
and usually unmarked or only lightly mottled 

with a narrow light nuchal crescent eKtending 
backward from the eyes {Klauber 1945). The 
ventral surface is semi-transluscent and 
immaculate white to faint pink. The juvenile 
pattern is similar to that of adults, but the 

San Diego Banded Gecko: Ris~ FaclOIS 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (2S) lS 

iii. Population concentration/ 0 
migration (10) 

iv. End.emism (10) 3 

v. Ecological tolerance (10) 7 

vi. Population trend (2S) 10 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 7 

Total Score 59 

Total Possible 110 

Total Score/Total Possible 0.54 
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coloration is often more pronounced and 
contrasting. 

In California, this subspecies is only likely 
to be confused with other geckos that occur 
nearby. The closely related desert banded gecko 
(C. 11. variegatus) is parapatric with C. v. abbotli 
along the Peninsular Ranges of Southern Cali­
fornia and adjacent Baja California, Mexico. 
The two taxa are best distinguished based on 
color pattern, locality, and size. Altltough color 
and pattern in both subspecies are variable, C. 
v. variegatus generally Jacks the nuchal collar, 
often has wider and less well-defined dark 
bands, has extensive spotting on the head, and 
attains larger overall body sizes (up to 7.1 cm) 
(Klauber 1945, Grismer 2002, Stebbins 200}, 

Lemm 2006). The two subspecies intergrade 
across narrow contact zones in Baja California 
and probably also in southern California. with 
C. v. abbotti occurring on the coastal side of the 
Peninsular Range mountains and C. v. variega­
tus on the inland side (Klauber 1945; D. Leavitt, 
pers. comm.). In some areas, animals that are 
morphologically referable to C. v. abbotti are 
genetically more similar to C. v. variegatus 
(D. Leavitt, unpublished data; see the "Taxo­
nomic Relationships" and "Distribution" sec• 
lions). The barefoot banded gecko (C. switaki) 
also has a superficially similar appearance but 
is more 1arely encountered. In California, it has 
only been found in a narrow area of the Penin­
sular Range. Other geckos in southern Califor­
nia have expanded toe pads and immovable 
eyelids and are often extreme habitat specialists 
(Stebbins 2.003). 

Taxonomic Relationships 

Co!eonyx variegatu.s abbotti is a close relative of 
C. v. variegatus. lts initial description was based 
primarily on coloration, pattern, and scalation 
(Kla.uber 1945). Sequence data from seven 
nuclear DNA markers confirm the distinctive• 
ness of C. v. abbotti l>ut also restrict the known 

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

Life History 

The life history of Coleonrx variegatus ahbotti is 
poorly studied, although it is likely similar to 
that of the better-studied C. v. variegattis in many 
respects. Coltonyx variegatus abbotti is active 
from March until September or October (Lemm 
:2.006}. It is nocturnal, emerging from rock crev• 
ices and burrows usually within 2, hours follow• 
ing sunset. Like other geckos, it is a predator, 
presumably taking a variety of small inverte• 
brates, although the diE1 has not been studied in 
detail {Kingsbury 1989, Grismer 2002}. 

Reproduction takes place in late spring. 
Females lay one or two eggs at a time (Lemm 
2006). Other subspecies of C. variegatus are 
known to lay up to three dutches per year 
between May and September (Stebbins 2003). 

and this may also occur in C. v. abbotti. Juve­
niles have been found as late as September 
(Lemm 2.006). 

Hobitot Requi1em1mts 

Coleonyx varicgatus abbotti is restricted to rocky 
coastal sage and chaparral habitat, usually in 
areas between 150 and 900 m in elevation 
(Lemm 2006). Klauber (1945) noted that the 
subspecies seems to prefer areas with granite 
outcrops. though it is not restricted to them and 
has been found in dry rocky riverbeds. Most 
specimens have been found under cover objects 
or on roads at night. It is more frequently found 
under large cap rocks than under the small 
rock flakes favored by other small lizard species 
such as the granite night lizard (Xantusia hen­
shawi) (Klauber 1945). Extensive pitfall trap­
ping data indicate that C. v. abhotti is absent 
from areas with a high intensity of artificial 
night lighting (Perry and Fisher 2.006; R. 
Fisher, unpublished data). 

range (see the "Distribution" section). The two Distribution (PoH a11d Present) 
tax:a are not genetically isolated but have an Ongoing genetic analyses of the Coleony.,e vari­
abrupt genetic and morphological contact zone egat1,1s complex are revising our understanding 
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of C. v. ahbotti's distribution. and thus our cur­
rent concept of its range may change as these 
studies are completed. Historically, all Cole<myx 
ranging from the United States-Mexico border 
north along coastal and cismontane Southern 
California were considered C. v. abbotti. How• 
ever. genetic data indicate that the range is 
more limited and primarily restricted to San 
Diego County, with populations farther north 
belonging to C. v. variegatus (D. Leavitt, unpub­
lished data). The extent of the potential inter­
grade zone between the two subspecies is not 
yet well understood. In Mexico, C. v. abbolti 
ra11ges from the border south along coastal and 
dsmontane Baja California to the vicinity of 
Catavifla, then extends east across the penin­
sula and south, eventually intergrading with 
the Peninsular banded gecko (C. v. penimula­
ris) in the Vizcaino mid-peninsula region. 

Geckos have disappeared from much of 
coastal San Diego County, primarily in areas 
with high-intensity artificial night lighting 
(Perry and Fisher 2.006}. Whether night light­
ing itself or other habitat changes associated 
with artificial night lighting drove the declines 
is not well studied. Development and ag1icul­
tural impacts have also extirpated geckos from 
some areas (R. Fisher, pers. comm.). 

Trends in A/nmdcmce 

Few quantitative data on historical or current 
abundances are available, although Coleon.yx 
va.riegatus abbotti is less frequently encountered 
than C. v. variegatus farther east {Lemm 2006}. 

This was apparently also the case historically. 
Klauber (194~) specifically noted that C. v. 
abboHi was less common throughout its range 
than C. v. variegatus. Bogert (1930) also reported 
that the geckos were rare in Los Angeles 
County, although genetic data suggest these 
might actually have been C. v. var~gatus. Pitfall 
surveys indicate that the subspecies is found at 
a small number of sites within southern Cali­
fornia (7 out of 21 survey areas, r5 individuals 
itt total) c.:>mpared to lizard species occupying 
similar habitats (Case and Fisher 2001). How­
ever, these surveys were not designed to specifi, 

200 UZARUS 

cally target Coleonyx, and no historical baseline 
data exist with which to compare current 
abundances. 

Nc:1ture and Degree of Threat 

The primary threat facing Coleon}'X variegatus 
abbotti is apparently habitat loss due to agricul­
tural and urban development, including deaths 
from automobile 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. 
abl,otti is encountered relatively rarely even in 
suitable habitat, which poses significant chal­
lenges in monitoring population trends and the 
impacts ofhabitat disturbance. 

Status Determination 

Coleonyx variegatus abbotli has a restric1ed 
rnttge in California that falls within an area that 
is currently experiencing a large amount of 
development. Some data suggest that the sub­
species has disappeared along the coast in a 
substantial fraction of its range. This, coupled 
with the ongoing habitat loss due to develop­
ment and wildfire, could reduce the current 
distribution further and justifies a Priority 3 
Species of Special Concern designation. 

Management Recommendcitions 

The most important management priority for 
Coleonyx variegat.us abbolli is to protect remain­
ing habitat. Our current understanding of habi­
tat requirements 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. 

Moniioring, 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. A. goal of this comparison 
should be to develop a survey protocol that is 
capable of detecting changing abundances. A 
mark-recapture study would help determine 
whether the apparently Low population densities 
currently observed reflect detectability or true 
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 habitat 
preferences, seasonality, and life history in this 
taxon. 

Additional genetic surveys should also be 
undertaken to further clarify the range limits 
and genetic differentiation among members 
of the Cokon}'X variegatus complex. In particu­
lar, contact zones 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. Information from genetics, mor­
phology, and survey data should be integrated 
to develop a more comprehensive understand­
ing of differentiation between this subspecies 
and other members of the C. variegatus 
complex. 

~AN DI EC◊ !!ANDED C!Cl(O 201 



PANAMINT ALLIGATOR LIZARD 

Efgaria panamintina (Stebbins 1958) 

Status Summary 

Elgaria panamintina is a Priority 3 Species of 
Special Concern, receiving a Total Score/Total 
Possible of 44% (48/no). During the previous 
evaluation, it was also designated as a Species 
of Special Concern {Jennings and Hayes 
1994a). 

Jdentifi,otion 

Elgaria panamintina is a large (9.2-15.2 cm 
SVL). slender, elongate lizard with a light yel­
low-brown or beige dorsum and a series of con­
trasting brown crossbands extending from the 
neck down the length of the body and tail {Steb­
bins 1958, Banta et al. r996, Stebbins 2003). 

The ventral surface is light gray or cream, with 
small dusky markings forming continuous or 
broken longitudinal lines that run down the 
center of each scale row (Jennings and Hayes 
1994a, Stebbins 2003). The iris is pale yellow 
(Stebbins 2003). The contrast between the dark 
crossbands and lighter dorsal coloration is usu­
ally more pronounced in juveniles than in 
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adults, The tail, when intact. is up to twice the 
length of the body, although shorter broken/ 
regenerated tails are common (Stebbins 2003). 

This lizard is unlikely to be confused with 
any other species within its range. However, 

Po11Qmi11t Alligator Li1'1rd: Risk f'aceors 

Rankil\8 Criteria (Maximum Store) Score 

i. Range size (10) 10 

ii. Distribution trend (25} 0 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance {10} 10 

vi. Population trend (2S) 5 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 10 

Total Score 48 

Total Possible 110 

Total Score/Total Possible 0.44 
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two similar congeners occur in much of Cali­
fornia: the northern alligator lizard (Ii. coer­
ulea} and the southern alligator lizard(£. multi· 

mrinata}. Neither of these species has the 
pattern of broad strongly contrasting cross• 
bands down the length of the body. The cross• 
bands are usually interrupted by a longitudinal, 
middorsa) stripe in E. cceru/ea and are much 
narrower in E. rn111iicarinala (Stebbins .200}). 

Taxonomic Relationships 

Different studies have recovered discordant 
phylogenetic placements of E!garia panamin• 

tina. Good (1988) recovered a sister relation• 
ship between 6. pa11amintina and the Madrean 
alligator lizard { E. king iii from Arizona, using a 
dataset composed of 34 allozyme loci. More 
recent studies find that E. panamintina is 
nested within E. multicarinaia, a placement 
that was supported by both mitochondrial 
sequence data (Feldman and Spicer 2.006) and 
nuclear sequence d.:ita (D. Leavitt et al., unpub­
lished data}. 

Leavitt et al. (unpublished data) found low 
levels of variation among populations of E. pan• 

amintina and no evidence for recent or ongoing 
gene flow 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. pimami11tina. awaits 
further investigation. 

Life HistOrf 

The life history of E. panamintinc;i is poorly 
understood. The species spends a large amount 
of time in rock piles and deep vegetation or 
brush, so it is not commo11ly observed (Steb­

bins 1958, Macey and Papenfuss 1991b). We 
presume that many aspects of E. panamintina's 

life history are similar to that found in the 
better-studied E. multicaritiala, particularly 
given the recent molecular evidence of their 
very close relationship. 

Elgaria panamintina emerges from hiberna• 
tion in late winter or spring, with higher-eleva­
tion populations becoming active later in the 

204 LIZAROS 

year. The species is generally diurnal in the 
spring through midsummer, when it may 
switch to nocturnal activity or aestivation, pre­
sumably as a response to increasing daytime 
temperatures (Stebbins 1958, Banta 1963, 
Dixon 1975, Stebbins 2.003). Reproduction has 
not been documented in the wild, although 
captive animals have been observed copulating 
in mid-May (Banta and Leviton 196r). Elgaria 
multicarinata enters reproductive condition at 
this time of year as well (Goldberg 1972.), so 
we assume that reproduction occurs in mid­
spring. although the precise timing likely 
depends on elevation. Coldberg and Beaman 
(2003) examined sperm formation in museum 
specimens and concluded that reproduction 
takes place during the spring. like E. rnulticari­

nata {and unlike E. couu!ea), E. p,mamintina is 
oviparous. Elgaria multicarinata typically lays 
eggs in early summer, and we assume that E. 
panamintina does as well (Goldberg 1972.). The 
timing of reproductive events itt E. miilticari­

nata varies among areas, with some popula• 
tions producing only one clutch a year and oth­
ers up to three (Burrage 1965. Goldberi;: 1972). 

No data on the number of clutches produced 
per year or incubation limes exist for E. pan­

amintina, although Goldberg and Beaman 
(2.003) report a clutch size of four eggs from a 
single museum specimen. 

Dietary data are lacking. We presume that 
E. pa11aminti11a is likely a generalist predator 
like E. mullicarfoata. The latter feeds on a wide 
variety of insects and other small arthropods, 
including spiders. centipedes, and scorpions, as 
well as on small vertebrates, including mice, 
birds, and lizards (including conspecifics} 
(Cunningham 1956). Observations in captivity 
found no obvious differences in feeding behav­
ior between E. panamintina, E. multicarinala, 
and E. kingii, and we tentatively assume that 
feeding behavior is also similar in the wild 
(Stebbins 1958). 

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



most commonly found (Cunningham 1956. 
Stebbins 1958). Predation on E. panamintina 
has not been recorded, though we assume that 
they are preyed upon by co-distributed lizard­
eating snakes (e.g .. coachwhips [Masticophis) 
and patch-nosed snakes [Salvadorn)) and birds 
(e.g., raptors and roadrunners {Geococcyx)). 

Habitat Requirements 

Elgaria panamintina are most frequently found 
in rod,')' canyons in the immediate vicinity of 
permanent springs and seeps that are patchily 
distributed across their limited range (Stebbins 
1958, Macey and Papenfuss 1991b). The species 
usually occurs in or adjacent to narrow strips of 
riparian vegetation immediately below springs 
and in deep leaf litter and rock piles along the 
margins of riparian habitat ( Stebbins 1958. 
Macey and i>apenfuss 1991b, Jennings and 
Hayes 1994a). Elgaria panamintina was initially 
thought to he restricted to these areas, but pit­
fall trapping surveys have documented their 
presence in arid areas well away from water 
( Banta 1963). Few quantitative data are available 
on the relative fre<iuency of arid versus mesic 
habitat use, and it seems likely that populations 
require permanent water for persistence. 

Distribution (Past and Present} 

Elgaria ptmamintin.a occurs in relatively remote 
regions 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 bas 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 and Garlinger 
1998). The known elevational range extends 
from 760 to 2290 m (Dixon 1975, Macey and 
Papenfuss 1991b. Stebbins 2003). 

The species' present-day distribution is 
likely relictual. resulting from gradual drying 
of the Great Basin throughout the (>Jiocene and 

Pleistocene. This general drying has presuma­
bly isolated the remaining populations around 
the few remaining water sources (Stebbins 
1958, Good 1988}. 

Trends in Abundance 

No data are available regarding current or his­
torical abundance, althou~h habitat degrada­
tion due to mining, livestock grazing, and off. 
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 to 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. off highway vehicle use. and/or diver• 
sion of the water sources. Climate change could 
potentially impact this species if changes in 
hydrology cause springs to dry up or become 
less regular in their ftow regimes. 

Status Delerminotion 

Elgaria panaminti11a is a California endemic 
with a very small range. It primarily occurs in, 
and is likely dependent upon, uncommon, 
small patches of mesic habitat that are scattered 
widely throughout its range. Each habitat patch 
is sensitive to several potential disturbances. 
and iflocal extirpations occur, natural recoloni­
zation seems unlikely. Nearly all known locali­
ties occur on unprotected land and are subject 
to further alteration (Jennings and Hayes 
1994a}. These facto1s all contribute to a Priority 
3 designation. 

Marlagemeni 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 othet'wise dis­
turb the vegetation and leaflitter surrounding 
desert springs. Elgnria panaminti11a may also 
occur at additional springs outside of its cur­
rently known range; therefore, riparian a1eas 
throughout the area should be preserved to the 
extent possible, even if E. panamintina has not 
yet specifically been documented at them. 

Monitoring, Rtseorch, and Survey Needs 

Surveys should be conducted at additional 
springs surrounding the known distribution of 
Elgaria pananminti»a. These surveys should 
involve pitfall trapping and/or drift fence arrays, 
in order to increase detection probabilities. A 
thorough understanding of E. panamintina's 
habitat requirements would be invaluable in 

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 this 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. p1mamintina also needs to be 
addressed. Mark-recapture surveys would yield 
important information about population sizes 
and the extent of migration between springs. 
This basic information is crucial for any kind of 
active management and is largely lacking at the 
present time. 



COPE'S LEOPARD LIZARD 

Ct1mbelia ,ope;; (Yarrow 1882) 

Status Summary 

Gamhelui copeii is designated as a Species of 
Spedal Concern, although we refrain from 
assigning a priority score due to a paucity of 
information, This taxon received a Total Score/ 
Total Possible of 45% {38/85). It was not desig­
nated as a Species of Special Concern during 
the previous evaluation (Jennings and Hayes 
1994a). 

lde"iijication 

Gam&e!ia copeii is a large (maximum 14 cm 
SVL) li:zard, with a robust head and limbs. 
granular body scales, and a long cylindrical tail 
(Grismer 2002, Stebbins 2.003, Lemm 2006. 

Mahrdt et al. 2010). The dorsal coloration is 
variable across the range, changing from dark 
brown in the north to light golden brown or tan 
in the south (Grismer 200:2, Mahrdt et al. 
2.010). Cal'ifornia popu)ations of C. copeii form 
the northern edge of the species' overall range 
and are dark above with pairs of large. dark 
parave1tebral spots on the dorsal surface that 
usually fade anteriorly, are almost always absent 

from the head, and broaden to form transverse 
bands on the tail (McGuire 1996, Stebbins 
:1.003, Mahrdt et al. 2.010), In many individuals, 
a lighter cream-colored transverse bar separates 
each pair of these spots along the trnnk 

Ranking Criteria (Maxim.um. Score) Score 

i. Range size (10) 10 

ii. Distribution trend {25) 15 

iii. Population concentration/ 0 
migration {10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 0 

vi. Population trend (2S) Data 
deficient 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 10 

Total Score 38 

Total Possible 8S 

Total Score/Total Possible 0.4S 
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PHOTO ON PREVIO\JS PACE: Cape's leopard lizard, San Diego County, California. Courtesy of Rob Schell 
Photography. 



(Mahr<lt et al. 2010). Flecking is generally 
present on the sides, and females in breeding 
condition develop bright orange or red spots on 
the sides and underside of the tail (Stebbins 
2.003). In addition. there is pronounced sexual 
size dimorphism, with females averaging 
6.5 mm larger in SVL and 1.3 mm in head 
length than males (Lappin and Swinney 1999. 
Goldberg et al. 2010). 

In California, G. copeii is unlikely to be con­
fused with other lizards within its range. How­
ever, it is found immediately adjacent to the 
range of the more widely distributed long­
nosed Jeopard lizard (G. wislizenii}, within 
which G. copeii appears to be phylogenetically 
nested (McGuire et al. 2007). Gambelia wislize­

nii populations that are adjacent to C. copeii are 
generally paler. with dorsal coloration ranging 
from off-white to tan and many moderately 
sized spots asymmetrically scattered along the 
dorsal surface (McGuire 1996, Grismer 2002). 

The spot ling in G. ivislizmii does not fade ante­
riorly, and small spots generally occur on the 
head {McGuire 1996, Stebbins 2.003. Mahrdt et 
al. 2010). 

Taxonomic Relaiionships 

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 similar to G. wi.slize. 
nii, which led many authors either to consider 
the two as conspecifics or to recognize them at 
the subspecific level. McGuire (1996) provided 
a comprehensive systematic analysis oft he Cro­
taphytidae (the family in which Gambetia is 
included) and argued for the recognition of G. 
c.opeii as a distinct species, based in large part 
on the presence of a narrow zone of sympatry 
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 
monophyletic group that is nested within G. 
wislizenii (McGuire et al. 2.007). although this 
result is based on an analysis of mitochondrial 
data alone and requires further verification. 

Rates of potential gene Row and/or hybridiza­
tion within the zone of sympatry have not been 
measured. 

Life History 

Little is known about the natural history of 
Gambelia copeii, and the limited information 
that is available comes from populations that 
occur 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 northern regions of Baja 
California. 

Gambelia copeii emerges from hibernation 
as early as mid-March in northern Baja Califor­
nia, with adults remaining active at least until 
September (Grismer 2002). The breeding sea­
son begins in March or April and lasts at least 
until July {Fitch 1970, McGuire 1996, Grismer 
2002, Goldberg et al. 2010}. Grismer (2002) 

reported a single female in breeding coloration 
in August at the southern end of the species' 
range near Todos Santos, Baja California Sur, 
suggesting that the breeding season could 
extend much later in the north. Gravid females 
have been documented in both March and 
June, providing 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 dutch size 
was 5 and did not appear to depend on female 
body size (Goldberg et al. 2.010). 

Gambelia copeii is primarily an ambush 
predator that preys upon other lizards, includ­
ing whiptail lizards (Aspidoscelis), zebra-tailed 
lizards (Callisaurus), and side-blotclted lizards 
(Uta), as well as arthropods (McGuire 1996. 
Grismer 2002). 

Habitat Requirements 

Cambelia copeii occurs across a wide latitudinal 
gradient and tolerates a variety of ecological 
conditions throughout its range. Little pub­
lished information exists for California popula• 
tions, although the species appears to prefer 
open habitat in mixed chaparral and sage scrub 
(R. Fisher, pers. comm., C. Mahrdt, pers. 
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comm.). In Baja California, the species 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. 

In northern Baja California, G. copeii occurs 
on mesas and foothills in scattered patches of 
chaparral and inland sage 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 2.002}. 
Cambelia copdi apparently prefers relatively 
open habitat throughout the diversity of plant 
communities in which it is found. 

Distribution (Past and Present) 

In California, Gambelia copeii is restricted to an 
approximately 70 km• area .:entered 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 these sites particularly along the 
western edge of its range (R. Fisher, pers. 
comm.). 

Outside of California, G. copeii occurs from 
the California border throughout much of the 
Baja California peninsula south at least as far 
as Todos Santos (Grismer 2.002). 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 2.-year petiod indi­
cate that the species occurs at very low densities. 
Between March 1970 and December 1971. pitfall 
trapping at a 60 x 60 m study site 2.7 km north· 
east of Cameron Corners, San Diego County, 
California, yielded many captures of other lizard 
species in the area but only a single capture of 
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Gambelia (C. Mahrdt, unpublished data). A sec• 
ond individual was captured near this site 3 years 
later (C. Mahrdt, unpublished data). 

Noture and Degree of Threat 

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

Status Determination 

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

Monagement 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 ofinformation 
to the contrary, we assume that grazing, wood 
clearing, and activities that might negatively 
impact the density of prey (including the pres­
ence of feral or pet cats) are all threats to Gam­

belia copdi. Frequent high-intensity wildfire 
should also be prevented, to the extent possible, 
within the species range. 



Monitoring, Research, and Survey Needs 

As no population density data are available, 
presence/absence surveys followed by mark­
recapture monitoring 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 to isolate the California 
populations. To begin studying the potential for 
this to occur, field studies of migration rates 
and patterns through disturbed and frag• 
mented habitats should be conducted with the 

aim of identifying and protecting remaining 
habitat conidors, as well as characterizing 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 
r.optii. Additional genetic data from nuclear 
markers should help confirm the species status 
of this taxon as well as quantify whether, and to 
what extent. hybridization occurs between it 
and G. wislizenii. 
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GILA MONSTER 

Hefoderma suspe,tum Cope 1869 

l>HOTOS: (top) Gifa monster doo:umented 29 May 1993 in the Kingston Mountains. San 
Bernardino C<>unty, California, Courtesy of Beth Behm. (bottom) Cila monster documented 
7 May 2015 in the Mesquite Mountains. San Beriu.rdit10 County. California. Coartesy of Barrett 
Scurlock. 
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Status Summary 

Heloderma suspectum is a Species of Special 
Concern. though we refrain from assisning it a 
priority status due to lack of information. The 
species received a Total Score/Total Possible of 
60% (30/50) and was data deficie11t for several 
metrics. During the previous evaluation, it was 
also considered a Species of Special Concern 
{Jennings and Hayes 1994a). 

Identification 

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

Gila Monster. Risk 1'11ctor,; 

Ranking Cciteria (Maximum Score) 

i. Range size {10) 

ii. Distribution trend (25) 

iii. Population concentration/ 
migration (10) 

iv. Endemism (10) 

v. Ecological tolerance (10) 

vi. Population trend (25) 

Score 

10 

Data 
deficient 

0 

0 

10 

Data 
deficient 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts {10) Data 
deficient 

Total Score JO 

Total Possible SO 

Total Score/Total Possible 0.60 

wa.Ha (S1mromcilus aler}, 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 dose 
relative of the Mexican beaded lizard (H. horri­
dum). The description of this species is gener­
ally attributed to Cope (1869). although it was 
actually depicted in print earlier by Baird (1859) 
using the name H. horridum. Cope's (1869) 
description is a one-paragraph secondhand 
summary; a far m.ore complete description of 
the taxon is given by Bogert and Martin del 
Campo (1956) 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. suspecturn have been 
described based on the pattern of reticulation 
(or lack thereof) in coloration. Heloderma sus­
pectum susptch1m 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. 2010). All speci­
mens known from California match the H. s. 
cincturn color pattern, with the single exception 
of an individual photographed near Piute 
Springs, San Bernardino County (see the 
"Distribution" section) (Lovich and Beaman 
2007). 

Life History 

The life history of He!oderma. st.ispeclum 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. 



Hefoderma suspectum overwinters in bur­
rows on rocky slopes adjacent to lower-elevation 
arroyos and bajadas (Be<:k 1990, Beck 2.005). In 

California, it likely emerges in April or early 
May. Th.e species spends nearly all ofits time in 
underground burrows (>95% in Utah}. emerg· 
ing rarely to forage for food and to locate mates 
( Beck 1990). This species is a strict nest preda• 
tor, preying on the nests of mammals. ground• 
nesting birds, and reptiles (Hensley 1949, 
Jones 1983, Beck 1990, reviewed by Beck 
2005). Hdoderma mspectum is venomous, 
although it is not known to use venom in sub­
duing prey (Beck 2005). Rather the venom 
probably serves as a predator avoidance mecha• 
nism (Beck 2005). 

In California, the daily activity pattern is not 
well characterized. Nocturnal activity has not 
been reported. although data are lacking. 
Reproduction likely occurs in April and May, 
with oviposition occurring shortly thereafter. 
Elsewhere in the range (Arizona). males leave 
their burrows and undertake relatively long 
(-r.6 km) walks to visit other burrows in search 
offemales {Beck 2005). When males encounter 
each other during this period of activity, pro­
longed male-male combat may ensue. This 
behavior entails males entwining one another 
and attempting to pin one another to the 
ground (Beck 2005). The time required for 
eggs to hatch is poorly characterized. although 
young appear itt the spring. which suggests 
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 2.005). This species appears to be highly 
susceptible to water loss, which partially 
explains its relatively sedentary activity pat• 
terns {Beck 2005). 

Hnbitai Requirements 

Heloderma suspectum occupies a relatively wide 
variety of desert habitats throughout its range. 
ln 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 
rainfall in the California deserts. Areas that are 
known to support this species receive a moder• 
ate amount of their total annual rainfall during 
the summer months (24% of the total}. which 
is similar to the pattern in adjacent areas of Ari­
zona that also support this species (39% of 
total; Lovich and Beaman :1007). On a more 
local scale, distribution may be controlled by 
the availability of relatively deep burrows, the 
presence of food, and availability of riparian or 
xeroriparian habitat (Lovich and Beaman 
2007). Preferences for certain burrow condi­
tions apparently exist but are poorly understood 
(Beck 2005). Individuals frequently return to 
specific burrows while leaving others, appar• 
ently suitable ones, unoccupied (Beck 2005). 

Adult Gila monsters are known to return to the 
same burrows year after year, showing remark­
able homing ability and apparent knowledge of 
the location of many different burrows within 
their home range ( Beck 2005). Too few records 
exist from the California portion of the range to 
form a thorough understanding of habitat 
requirements, although many records are asso• 
ciated with large and relative high mountain 
ranges as well as with riparian areas (Lovich 
and Beaman 2.007) 

Distribwtion (Past ond Pr'esent) 

Heloderma suspectum ranges from extreme 
southwestern Utah, through southern Nevada, 
southwestern Arizona, and south to Sinaloa, 
Mexico. In California. the species is known 
from 30 reco1ds in the Kingston. Providence, 
Clark, Piute, and Chocolate Mountain ranges 
(Bradley and Deacon 1966, De Lisle r979, Ford 
1981, Bicket 1982, De Lisle 1983. Ford 1983. 
Lovich and Beaman 2007. Ruppert 2010a, Rup­
pert 2010b, Lovich and Haxel .2.ou). Lovich and 
Beaman (2007) reviewed 2.6 records in Califor• 
nia. Four additional records are now known. 
On 29 May 1993, a single adult H. suspectum 
was photographed on Smith Tak/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 other animals found in 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 from Cuesta College observed and 
photographed a single adult moving along the 
road (Sneed 2009. Ruppert 2010a, Ruppert 
2010b). The most recent record that we are 
aware of from California was documented on 7 
May 2015 in the Mesquite Mountains of Cali­
fornia. A single adult animal was found resting 
under the partial shade of a cat's claw plant in a 
wash running parallel to Kingston Road (B. 

Scurlock. pers. comm). Lovich and Haxel 
(2011) report an additional credible sighting 
from Black Mountain in the southern Choco• 
late Mountains that occurred on 30 April 1974 
as well as a second record from the same vicin· 
ity that is less well substantiated but may be 
credible. In addition, old records from the vicin• 
ity of Blythe, the Lower Colorado River in lmpe­
rial County, Chuckwalla Valley, and the Mojave 
River are in the literature but are Jess well sub­
stantiated than the more recent records (Wood­
son 1949, Funk 1966, Tinkham 1971, Lovich 
and Beaman aoo7). The species may also occur 
in a few additional desert mountain ranges in 
California where records have not yet been 
recorded. In particular, the New York Moun­
tains are a likely candidate for future records. 
These mountains lie between the Providence 
and Piute Mountains, both of which have 
records and contain what appears to be suitable 
Helodenna habitat. Other large and potentially 
suitable mountain ranges in the area include 
the Whipple Mountains, Turtle Mountains, 
Chemehuevi Mountains. and the Chuckwalla 
Mountains (Brown and Carmony 1991. Lovich 
and Beaman 2.007). 

Trends in Abundance 

No data exist on the current or historical abun• 
dance of this taxon in California. Elsewhere in 
the range. the spec.ies exists in low densities 

(ma><imum recorded is -ro individuals/km') 
(Beck 1985). Given the paucity of records in 
California, the species is likely more rare here 
than in the rest of the range. 

NQture 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 Determination 

The almost complete lack of information on 
this taxon in the state, coupled with a life his­
tory that is potentially sensitive 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 RecommendCJtions 

Management recommendations are extremely 
difficult to formulate other tha.n to protect habi­
tat known to support this species from modifi­
cation. Activities tl1at might collapse or other• 
wise destroy burrows, i11cluding intense 
livestock grazing and mining activities, should 
be avoided in areas suspected of harboring 
Heloderma suspect11m populations. Sightings 
of this infrequently encountered species 
should be submitted to the California Natural 
Diversity Database or other natural history 
databases (e.g., the LACM RASCals project, 
http://www.nhm.org/site/activities-programs 
/citizen-science/rascals). 

Monitoring, Research, ond Survey Needs 

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



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

chance at identifying additional populations. A 
key priority for future sightings of this species 
is to collect nonlethal genetic samples that can 
then he 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 
the state. 
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COAST HORNED LIZARD 

Phrynosoma blainvi/Jii Gray t839 

Stat11s Summary 

Phrynosoma blainvillii is a Priority 2 Species of 
Special Concern, receiving a Total Score{fota) 
Possible of 49% (54/110}. During tile previous 
evaluation, it was also considered a Species of 
Special Concern under the name P. coronatum 
(see the "Ta,conomk Relationships" section) 
(Jennings and Hayes 1994a). 

Identification 

Phrynosoma blain11Ulii has the typical oval, flat­
tened body form of a horned lizard and reaches 
a maximum SVLofr1.4 cm (Stebbins 2003). It 
has a row of large horns behind the head, with 
the two central horns usually longer than the 
rest and separated al their base. Two rows of 
large pointed fringe scales run down each side 
of the body. Large pointed scales also occur on 
the throat in two or three rows on each side. 
The dorsum of the body and tail have randomly 
scattered large, pointed, keeled scales. The gen­
eral dorsal coloration is tan, yellowish. brown, 
reddish, or gray, with large dark blotches. Col-
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oration can vary within and between popula­
tions and with respect to substrate color. Ven­
tral coloration is cream, beige, or yellow, with 
dusky spotting (Stebbins 2003). 

Coosl Horned Lizard: Risk Faclori; 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 0 

ii. Distribution trend. (2S) 20 

iii. Population concentration/ 0 
migration (10} 

iv. Endemism (10) 7 

v. Ecological tolerance (10) 7 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 7 

Total Score 54 

Total Possible 110 

Total Score/Total Possible 0.49 
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Phrynosoma blainvillii may be confused with 
the desert horned lizard (P. platyrkinos) where 
the ranges of the two species meet in a small 
region of the southern and eastern part of the 
range of P. hlaitwillii in California. Pkrynosoma 
platyrhinos is easily distinguishable based on a 
single row of fringe scales down each side of 
the body, a single row of pointed scales on 
either side of the throat, and smaller keeled 
scales on the dorsum. 

Taxonomic Relationships 

Plirynosoma blainvillii is a member of a species 
complex that has had a tumultuous taxonomic 
histo1y, with several species and subspecies 
recognized by different researchers over time 
(Klauber 1936. Reeve 1952, Brattstrom 1997). 
During the previous Species of Special Con­
cern evaluation (Jennings and Hayes 1994a), a 
single species, P. coronatum, was recognized, 
and California populations were considered as 
two subspecies: the California coast horned Jiz. 
ard (P. c. frontale) and the San Diego coast 
horned lizard (P. c. blainvillii). Recent studies 
on morphological. ecological, and genetic varia­
tion among populations support the recogni­
tion of only a single taxon in California, P. 
blaitwillii, leading to a revised species-level tax­
onomy that restricts the species name P. coro• 
natum to populations in Baja California Sur, 

Mexico (Montanucci 2004, Leache et al. 2009). 
Three clades have been identified in California 
based on mitochondrial DNA: northem Baja 
California, southern California, and mmhem 
California (Leache et al. 2009; see •Distribu­
tion• trend). However, two nu.clear loci did not 
distinguish among the dades in California, 
and ecological and morphological data show 
substantial overlap among the clades (Monta­
nucci 2004, Leache et al. 2009). Therefore, we 
do not recognize any of these clades as conser­
vation units at this time. 

life History 

Phrynosoma blainvillii adults are typically active 
in California from February to November. with 
peak activity between April and July {Banta and 
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Morafka 1968, Hager and Brattstrom 1997, 
Fisher et al. 2002., Alberts et al. 2004, Gerson 
2.on). Hatchlings are active from mid to late 
summer into November (Banta and Morafka 
1968. Hager 1996. Hager and Branstrom 1997. 
Fisher et al. aoo2., Alberts et al. 2004). Diurnal 
activity switches from midday peaks in the 
spring to more crepuscular activity in summer 
and early fall (Heath 1965, Hager and 
Brattstrom 1997). 

Most information on reproduction has been 
collected in the southern part of the range in 
California. Coldberg {1983) Looked at reproduc­
tive condition in 164 specimens collected 
mostly from March to September in Los Ange­
les, Riverside, San Bernardino, San Diego, Ven­
tura, and Riverside Counties. Reproductive 
activity occurred from March to June, with 
females commonly ovipositing in May. Clutch 
sizes usually average around JJ-12. eggs (Steb­
bins 1954, Howard 1974, Pianka and Parker 
1975, Goldberg 1983). Goldberg (1983) reported 
that a single female appeared to be yolking a 
second clutch. suggesting the possibility for 
multiple dutches per year in this species, 
though how common this may be is unknown. 
In northern Baja California and southern Cali­
fornia. males have spermatozoa present from 
April until early June {Howard 1974). and ovi• 
position occurs from late May to July with an 
incubation period of about 60 days (Howard 
1974, Pianka and Parker r975). Montanucci 
(1968) observed mating in the field as late as 
May in Merced County. Howard (1974) 

observed 25 mm SVL hat<:hlings in late July 
and early August in northern Baja California. 
These animals had attained sizes averaging 42 
mm SVL by October. First-year males emerged 
from winter dormancy at -51 mm SVL. Ani­
mals in this population were sexually mature 
around 75 mm SVL (Howard 1974}. Pianka and 
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 62 mm 
SVL. and the smallest females were 73 mm 
SVL in southern California. 



Annual adult survival estimates from radio­
tracked animals in Riverside County were 
roughly twice as high for males as females: 
males 6.1% (95%, Cl 42.-81%) and females 
34% (95%, Cl 15-5}%) (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 
(Alberts et al. 2.004). Average home range size 
varied from 1.9 to 4.0 ha across habitat types, 
with smaller ranges and lower activity levels 
observed during a drought year (Alberts et al. 
2004). 

Surface activity is determined partly by tem­
perature. Adults in a Riverside County popula­
tion had field active body temperatures ranging 
from 13.fC to }9.4°C (mean 34.5°C), and 
hatchlings had a narrower range of tempera­
tures ranging from ;n.r•c to 41.r•c (mean 
34.4°C) (Alberts et al. 2004). Animals were 
not active when ground surface temperatures 
were below 19.4°C or above 57.fC (Alberts 
et al. 2004). Gerson (2011) reported capturing 
lizards when surface temperatures were up 
to 63°C in a Merced Co\mty population. 
Pianka and Parker (1975) reported a mean field 
active body temperature for r5 animals of 
36.7°C. The critical thermal minima and 
maxima are -3°C and 46.7°C, respectively 
(Brattstrom r965). 

Ants can make up 90% of prey items and 
45% of prey volume in stomach contents (n = 
214; Pianka and Parker 1975), although many 
other insect prey are also consumed depending 
on availability (Stebbins 19H, Miller and Steb­
bins 1964, Alberts et al. 2.004). About half of 
the prey found in scat was Pogonomyrrnex ants 
( P. rngosus and P. ca!ifornicus) ( Riverside 
County; Alberts et al. 2004). Other ant prey 
and non-ant insects were taken as well. In 
Merced County, every scat examined contained 
beetles, but not every scat contained ants, sug­
gesting less reliance on ant prey in this area 
(M. Gerson, unpublished data). See the "Nature 
and Degree of Threat" section for effects of 
nonnative ants. 

l-labhot Requiremerlts 

Phrynosoma blailwillii is found in a variety of 
habitat types, including sage scrub, dunes, allu­
vial scrub. annual grassland, chaparral. oak 
woodland. riparian woodland, Joshua tree 
woodland. coniferous forest, and saltbush 
scrub {Grinnell and Grinnell 1907, Klauber 
1939, Stebbins 1954, Banta and Morafka 1968, 
Montanucci 196&, Tollestrup 198r, Hager and 
Brattstrom 1997). However, microhabitat pref­
erences are much narrower. Phrynosoma blain­
vi!lii needs loose, fine soils for burrowing, open 
areas for thel'moregulation, and shrub cover for 
refugia (Jennings and Hayes 1994a). In undis• 
turbed sage scrub habitat in Riverside County, 
animals preferred leafy plant species with rela• 
tively dense foliage for cover, overwintering, 
and aestivation (Alberts et al. 2004). In the 
absence of shrubs, P. blainvillii may rely instead 
upon California kangaroo rat (Dipodomys cali­
fornicus) burrows for refugia (Shedd et al. 
20n). In a mark-recapture study in San Ber• 
nardino and Riverside Counties, Hager and 
8rattstrom (1997) observed P. b!ainvillii in 
the open 64% of the tirne, in the shade of veg­
etation 14% of the time, next to vegetation 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. blainvillii abundance was positively correlated 
with the presence of organic soils and chaparral 
vegetation and negatively associated with non• 
native Argentine ant { Lit.epitkema kumile) pres­
ence (Fisher et al. 2.002). At a larger scale, the 
abundance of P. blainvillii between sites was 
positively associated with the presence of native 
ants and chaparral vegetation and negatively 
associated with canopy height. Similar to pat• 
terns in abundance, P. blainvillii presence was 
positively associated with sandy soils and 
chaparral vegetation and negatively associated 
with Argentine ant presence. 

Distribution (Past and Present) 

Phrynosoma blainvillii 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 (Leache et al. 2009). The 
southern and northern California clades (see the 
"Taxonomic Relationships" section) roughly cor­
respond in range to the previously recognized 
subspecies Phry»osoma coronalurn blainvillii and 
P. c. fro11tale, respectively. The northern Baja 
California dade extends from Ensenada, Mexico, 
north into San Diego County. The southern Cali• 
fornia clade 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 dade, comprises the rest of the 
range in California. from the Los Angeles basin 
north through the Central Valley and Coast 
Ranges. 

Historically, this species occurred in Cali­
fornia from an isolated record in Shasta County 
in the north, south along the edges of the Sac­
ramento Valley. through much of the south 
Coast Ranges, the San Joaquin Valley, the 
Sierra Nevada foothills, south along the coast to 
the Mexican border, and throughout the Trans­
verse and Peninsular Ranges. ending along the 
western edge of the desert slope (Jennings 
1988c). Recent field 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 (1994a) estimated that P. 
blainvil!ii has disappeared from 35% of its his• 
torical range in northern California and from 
45% of its historical range in southern Califor­
nia. Remaining populations in the northern 
end of its range in the Coast Range and in the 
Sierra Nevada foothills from Butte County to 
Fresno County are highly disjunct (Jennings 
and Hayes 1994a; J. Shedd, pers. comm.). 

Trends in Abundonce 

Declines in the early decades of the twentieth 
century were partly due to collecting for the 
curio trade in the Los Angeles basin. Jennings 
(1987) estimated that at least 115,000 Phryno-
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soma blainvillii were harvested over a 45-year 
period, with substantial collecting ending 
around the 1930s. Due to collecting, lizards 
were noted as being scarce or absent in many 
areas where they had formerly been abundant 
(Grinnell and Grinnell 1907, Bryant 1911, Van 
Denburgh 192:2). Agriculture and development 
has led to declines in more recent decades (see 
the "Nature and Degree ofThreat• 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. blai,wiUii density was estimated as 
~-4 adults/km of road transect traveled and 
1.1-4.2 adults/ha, with a total of 402 lizards 
(adults and juveniles) captured over 5 years 
(Alberts et al. 2004). In Merced County, Ger­
son (20n) captured r45 individuals {adults and 
juveniles} on 2..4 ha of transect over an 8-month 
period, roughly 60 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 2orr). 

Nature and Degree of Threat 

Major threats to Phrynosoma blainvillii include 
urbanization, agriculture, off-highway vehicles, 
flood control strnctures. energy development. 
and nonnative Argentine ants (Grinnell and 
Grinnell 1907. Montanucci r968, Jennings 
1987, Jennings and Hayes 1994a: J. Shedd, 
pers. comm.). These threats may be more pro­
nounced in the southern part of the range 
{S. Sweet, pers. comm.). Leatherman (1996) 
observed a single P. blainvil!ii that had appar• 
ently died from getting its horns stuck in an 
erosion control blanket. Introduced 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 1998). In choice tests, lizards preferred 



native ants 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. 2000). In the laboratory, 
growth rates were lower for animals raised 
experimentally on Argentine ant diets relative 
to native diets (Suarez and Case 2002}. How­
ever, lizards will shift their diets to include 
more non-ant prey in Argentine ant-invaded 
areas {Suarez et al. 2000). 

The effects of wildfire on P. blainvi!W are 
complex and 011ly beginning to be studied. In 
southern California, capture rates increased by 
about 30% in chaparral habitat a few years post­
fire compared to unburned reference plots 
(Rochester et al. 2oco). No changes were 
detected in coastal sage scrub habitat. though 
both habitat types lost substantial vegetative 
cover. The positive response to fire in chaparral 
was likely due to the creation of open habitat 
and the fact that ant prey communities 
appeared to be unaffected (Rochester et al. 
2,010). However, the proportion of plots occu­
pied in chaparral habitat decreased in response 
to fire, possibly due to direct mortality effects of 
fire. Population increases in burned areas were 
hypothesized to be due to recolonization from 
unburned refugia. Cf so, then the timing and 
distribution of fire across the landscape would 
affect how lizards are able to respond and 
whether the net effect of fire on populations is 
positive or negative. Additionally, monitoring 
for this study detected very few P. hlainvillii in 
grassland habitats. Because repeated or high­
intensity fires can lead to conversion of shrub­
land to grassland, this also represents a poten­
tial threat. 

Under climate change, the probability of 
1arge (>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 et al. 2004, Lenihan et al. 2c,08, Wester­
ling and Bryant 2008). In the southern part of 
the range where wildfire is common, there is 
little consensus on future fire dynamics because 
of the difficulty in modeling Santa Ana weather 

events (Westerling et al. 2004, Westerling and 
Bryant 2008). Land use in the Central Valley is 
predominantly agricultural; thus. habitat avail­
ability is likely to remain 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 2011). 

Status Determination 

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

Management Recommendations 

c>rotecting remaining populations from further 
habitat loss and disturbance is the most impor­
tant management strategy for this species. The 
presence/absence and abundance of Phryno• 
soma b/ainvillii appears to be determined by 
local. rather than regional-scale factors. so 
management strategies should focus on pro­
tecting local populations (Fisher et al. 2002). 

Because they tend to rely on crypsis rather tha11 
speed for protection, they may be particularly 
sensitive to land uses that increase the likeli­
hood of animals being crushed or killed. 
including off.highway vehicle use and grazing. 
Preventing the spread of Argentine ants into P. 
blainvillii habitat is difficult but also important 
for the persistence of the species. Given that 
Argentine ants prefer moist microhabitats, 
xeric landscaping and reducing artificial sur• 
face water may be beneficial for native ants and 
homed lizards in developed areas. 

Monitoring, Research, and Survey Needs 

Existing populations should be monitored to 
determine trends in population abundance. An 
important research question is the extent to 
which small habitat fragments, on the order of 
a few hectares or less, can support viable popu• 
lations of this lizard. Given the high human 
population density in much of its range, the 
effects ofhuman commensal predators, includ­
ing raccoons. skunks, ravens. and domestic cats 
should be studied, with control measures 
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implemented as feasible. Continued work on 
the effects of Argentine ants, including follow­
up studies on shifts in lizard diet afier their 
long-term establishment, would provide 
valuable information on whether Phrynosoma 
blainviUii can adjust to this widespread invasive 
ant. More research is needed on the effects of 
introduced plants, which may increase cover, 
affect native ant prey, and influence thermoreg­
ulation and locomotion (Germano et al. 2001, 

Alberts et al. 2004, Newbold 2005, Rieder et al. 
2.010). Grazing and fire can have positive 
effects by maintaining open habitat and nega­
tive effects by facilitating the spread of inva-

sives or through direct mortality (Kimball and 
Schiffman 2003, Alberts et al. 2004, HilleRis• 
I.ambers et al. 2010}. The effects of cattle graz­
ing on P. blainvillii nee.:! more study. Cattle and 
other grazers may help maintain open habitats 
that are favorable to P. blainvillii but also may 
degrade habitat through soil compaction. The 
net effect of grazing and fire as management 
strategies requires more study and likely needs 
to be determined at the site scale. The effects of 
wildfire on P. blairwiUii should continue to be 
studied, particularly given the uncertainty con• 
cerning future fire dynamics in the southern 
part of the range. 



FLAT-TAILED HORNED LIZARD 

Phrynosoma mca/lii {Hallowell 18s2) 

Status Summarv 

Phrynosoma mi;allii is a Priority 2 Species of 
Special Concern, receiving a Total Score/Total 
Possible of 57% (6}/110}. During the previous 
evaluation. it was also considered a Species 
of Special Concern (Jennings and Hayes 
1994a). 

Identification 

like other horned lizards, Plirynosoma mcallii 
has a round body and is dorsoventrally flattened. 
Jt is readily distinguished from other horned 
lizards by a dark middorsal stripe (Smith 1946). 
The two largest horns behind the head are long 
and thin. the tail is broad and flat. and two rows 
oflateral spines run down each side of the body, 
The limbs are long and thin relative to other 
horned lizards. The dorsum is cryptically 
colored, ranging from pale cream to a light rusty 
brown, and the ventral surface is white and 
unmarked. Adults c.an be as large as 8.7 cm SVL 
(Boundy and Balgooyen 1988. McGrann et al. 
2006). but 6.5-8.0 cm SVL is more typical. 

Phrynos<>ma meal/ii co-occurs in narrow 
sympatry with the desert horned lizard (P. pla­
tyrhinos) along the Salton Trough in California 
(Stebbins 2003). The two species are easily dis• 
tinguished because P. pltlt}'rhmos has a single 

Fiat •Tailed Horned Vz,ud: Risk F'aclors 

Ranl::ing Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 3 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 10 

vii. Vulnerabilitytodimatechange (10) 3 

viii. Projected impacts (10) 7 

Total Score 63 

Total Possible 110 

Total Score/Total Possible O.S7 
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row oflateral spines, shorter horns on the head, 
and lacks a dark middorsal stripe (Smith 1946. 
Stebbins 2003). Morphologically intermediate 
animals thought to be hybrids have been 
observed near Ocotillo, California {Stebbins 

2003), and near Yuma, Arizona (Young 2010). 

Ta,..onomic Relationships 

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

Life History 

Phrynosoma mcallii is generally most active in 
the summer and inactive during the winter. 
although there is some flexibility in their winter 
dormancy behavior. Adult activity in the 
Coachella V:illey in Riverside County peaked 
from June to August. with little or no activity 
observed from November to February (Barrows 
and Allen 2009). At sites in San Diego and 
Imperial Counties, adults entered hibernation 
burrows from early October to late December. 
and smaller animals entered dormancy later 
than larger animals (Grant and Doherty 2006). 

The average onset of winter dormancy occurred 
in mid-November in Imperial County and lasted 
for an average of 89 days (range 14-x38 days), 
with most animals emerging in mid-February 
(Muth and Fisher 1992). 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 2.006). Juveniles have been observed 
surface•active on warm days in December, sug­
gesting that winter dormancy behavior may be 
more ftexible in juveniles cc,mpared to adults 
(Grant and Doherty 2006). Burrows at sites in 
Imperial and San Diego Counties were 6 cm 
deep on average (range 2-17; Muth and Fisher 
c992. Grant and Doherty 2006). Summer bur-

rows in Yuma, Arizona, were 25-30 cm deep 
and 70-80 cm long (Young and Young 2000). 

Daily activity patterns shift seasonally {May­
hew 1968, Wone and Beauchamp 2003). At 
Ocotillo Wells State Vehicular Recreation Area 
(Imperial and San Diego Counties), P. mcaltii 
was active throughout the day in spring and fall 
but showed a bimodal daily activity pattern in 
the summer (Wone and Beauchamp 2003). 

Phrynosoma mcallii was out in the open during 
the early morning but retreated under shrub 
cover by 10:c,o a.m. {Wone and Beauchamp 
2003). When substrate temperatures exceeded 
49•c, lizards entered burrows and reemerged 
in the evening when substrate temperatures 
dropped below 47•c (Wone and Beauchamp 
2003). Norris (1949) also reported animals 
retreating between 10:00 and n:oo a.m. in 
Riverside County during July. In O\ttdoor enclo­
sures, Heath (1965) observed shade-seeking 
behavior when body temperatures averaged 
4o•c and emergence from shade when mean 
body temperatures were 34.9•c. Brattstrom 
(1965} recorded lizards at temperatures rang­
ing from z9.3°C to 41.o•c. 

Breeding aclivity has been observed in the 
field from early May through the end of August 
(Setser 2004, Barrows and Allen 2009, 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 90 cm 
deep, depending on soil moisture (Setser 2004, 

Young 2010). Clutch sizes range from 2 to 10 

eggs. with the average typically around 5 (Nor• 
ris 1949, Stebbins r954. Howard 1974, Pianka 
and Parker 1975, Setser 2004, Young 2.oro). 

Under good conditions. P. mcallii can breed 
early in the season, young can attain adult size 
rapidly and breed in their first year. and two 
clutches per season are possible (Hc,ward 1974, 

Turner and Medica 1982., Muth and Fisher 
1992, Barrows and Allen 2009, Young 2010}. 

In multiple-clutch years, the first cohort 

emerges in late July or eady August at 35-37 
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mm SVL (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 
before entering winter dormancy (Howard 
1974, Muth and Fisher r992). The second 
cohort emerges in late August or early Septem• 
ber {Howard z974, 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 1992). Work­
ing in Yuma, Arizona, Young (2.oro) 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 
females, and home ranges tend to be larger in 
wet compared to dry years (Wone and Beau­
champ 2003, Setser 2004, Young 2010). Radio­
telemetry studies at the Ocotillo Wells State 
Vehicular Recreation Area found average male 
home range sizes of c.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, with few lizards shifting their range 
centers outside of the home range used in th.e 
previous year. Near Yuma. Arizona, average 
male home range size varied from 2.5 ha (males) 
and 1.3 ha (females) in a very dry year to 10.5 ha 
(males) and 1.9 ha (females) in a very wet year 
(Young and Young 2.000). In wet years at the 
Yuma, Arizona, site, maximum mean daily 
movements were 2.00-700 m, compared to only 
50-100 min drier years (Young zo10). 

Survivorship has been measured in a few 
populations using radiotelemetry and mark­
recapture methods. At Ocotillo Wells State 
Vehicular Recreation Area. adult yearly survi­
vorship was estimated as approximately 50% 
over a z-year study period (Setser 2004). This 
high survivorship rate was attributed to the 
scarcity of ground squirrel predators. with only 
5-8% of radio-tagged lizards lost to predation 
{Setser 2.004t. Similarly, adult survivorship 
over 2 years in Imperial County was approxi-
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mately 50%. with half of known mortalities due 
to ground squirrel predation (Muth and Fisher 

1992). In contrast, 39% (21/54) of radio-tagged 
P. mcaUii succumbed to predation at the Yuma, 
Arizona, site in I year, with most deaths attrib­
utable to ground squirrels (Young 2.010). Pre­
dation rates were only 10% in another year at 
this site (Young 2,010). Survivorship of hatch­

lings over their first year was greater than 50% 
across multiple cohorts in Coachella Valley 
(Barrows and Allen 2.009). Survivorship 
declined in subsequent years to less than 20% 
for 2.-year-olds and less than 5'¾ for yyear-olds 
(Barrows and Allen 2.009). Such low survivor• 
ship beyond the first year suggests that early 
maturity and multiple clutches may be key to 
positive growth of populations in the Coachella 
Valley (Barrows and Allen :z.009). 

Phrynosoma mcallii is a dietary specialist on 
ants. particularly native harvester ant species. 
Ants typically make up over 90% of prey items 
in stomach content and scat analyses (Pianka 
and Parker r975, Turner and Medica 1982., 
Yo\mg :z.010). In 106 specimens examined by 
Pianka and Parker (r975), 97% of prey items 
were ants. While at least 11 species of ants have 
been identified from sc:ns, ants from the gen­
er;i Pogonomyrmex and Messor are most com­
monly taken (Turner and Medica 1982.}. Near 
Yuma. Arizona, ants (mostly genus Pogono• 

myrmex) constituted 99% of prey items. with a 
few beetles taken as well (Young 2010). 

Hobitot Requirements 

In California, Phrynosoma mcallii occurs in sev­
eral Sonoran Desert habitat types. including 
sandy areas (flats, hills. and valleys), salt flats, 
badlands, and gravelly areas (Stebbins 2.003. 
Turner and Medica 1982.). Wh.ile they may pre­
fer areas with a layer of fine, wind-blown sand, 
P. mcaUii also occur on substrates ranging from 
hard-packed soils to sand dunes and mud hills 
(e.g., Beauchamp et al. 1998, Muth and Fisher 
1992). For example, at Ocotillo Wells State 
Vehicular Recreation Area, a site where sandy 
habitats are highly disturbed by off.highway 
vehicle use, P. mcallii abundance was highest in 



sparsely vegetated gravel and mud hills in less• 
disturbed areas (Beauchamp et al. 199&). 

In the Coachella Valley, P. meal/ii were :,,-6 
times more abundant on stabilized sand fields 
than on active dunes (Barrows and Allen 2009) 
and were not observed in ephemeral sand fields 
or stable dune habitats (Barrows and Allen 
z.010). A reduction in windblown sand over the 
last few decades due to climatic factors and dis­
turbance is thought to be responsible for the 
apparent absence of P. mcallii from ephemeral 
sand fields, habitats that still support P. pla­
tyrhinos populations (Barrows and Allen .2oto). 
Lizards selected moderately compacted sands 
in both stabilized sand fields and active dunes, 
and this habitat feature may be important for 
maintaining the integrity ofb\trrows while still 
being loose enough for digging (Barrows and 
Allen 2009). 

Distribution (Past and Present) 

Phrynosoma meal/ii is a desert animal with the 
smallest range of any Pl1rynosoma species that 
occurs in the United States {Stebbins 2003). lt 
is found from the Coachella Valley in Riverside 
County south into extreme northeast Baja Cali­
fornia and northwest Sonora, Mexico. and east 
to the extreme southwest corner of Arizona 
(Stebbins 2003). The spedes typically occurs 
below 230 m elevation. but has been found as 
high as 520 m (FTHL ICC 2003, Rorabaugh 
and Young 2009, 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 Colorado River (Mulcahy et al. 
2006). 

The Flat-tailed Horned Lizard lnteragency 
Coordinating Committee estimated that nearly 
half of the enti1e range of P. meal/ii has been 
altered by human activities, with 39-43% of the 
historical habitat in the United States converted 
to agriculture. urban areas. or other uses 
(reviewed in FTHL ICC 2003}. The historical 
range of P. mcallii in California has been esti-

mated at 700,000-900,000 ha, mostly in 
Imperial County but including parts of eastern 
San Diego and central Riverside Counties 
(reviewed in PTHL 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 
California (FTHL ICC 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 suitable habitat. 2600 

ha of potential habitat remain ill the valley, of 
which only 1400 ha is currently occupied (Bar­
rows et al. 2008). 

Trends in Abundance 

Phrynosoma mcallii has long been regarded as a 
relatively rare species (e.g .. Klauber1939). Den­
sity is very difficult to estimate for this cryptic 
species, and earlier estimates were based on 
scat counting methods that are no longer 
thought to be reliab)e (see the "Monitoring. 
Research, and Survey Needs" section). Despite 
these difficulties, dramatic declines have been 
documented in some areas (Turner and Medica 
1982). 

Populations of P. mc.allii 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 50% per year during .2002-.2005, result­
ing in an overall decline of 90% (Barrows and 
Allen 2009). However, in the following 2 years, 
P. mrnllii abundance rebounded to half of the 
2002 levels (Barrows and Allen 2009). Unlike 
some other desert species. abundance was not 
correlated with year-to-year variation in rainfall 
(Barrows and Allen 2010). Instead. increased 
rainfall was negatively correlated with the 
abundance of ant prey and positively associated 
with increased soil compaction (Barrows and 
Allen 2009). Other studies have also found 
associations between P. mcal!ii abundance and 
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ant abundance (e.g., Turner and Medica 1982, 
Rorabaugh et al. 1987). 

Mark-recapture studies h.ave generated 
minimum density estimates of approximately 
1.1/ha at Ocotillo Wells State Vehicular Recrea• 
lion Area (Setser 2004) to 6.r/ha in Imperial 
County (Turner and Medica 1982). Increas­
ingly sophisticated statistical methods for esti­
mating abundance have been employed to com­
pensate for the low abundance and cryptic 
nature of P. mcaUii. Grant and Doherty (2.007) 

working itt Imperial County estimated densi• 
ties from 0.41 to r.55 lizards/ha at different 
sites, using methods that explicitly account for 
detection probability (see the •Monitoring, 
Research, and Survey Needs" section). 

Nature and Degree of Threat 

Habitat loss and fragmentation due to urban 
development and agriculture have been the 
major threats faced by Phq•nosoma mcallii pop• 
ulations in California, with future threats antic• 
ipated due to renewable energy development. 
Phrynosoma 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 mcallii is negatively impacted 
by fragmentation, and edge effects can extend 
several hundred meters into undisturbed habi· 
tat (Young and Young 2005, Barrows et al. 
2006}. Based on surveys of lizard tracks. Bar• 
rows et al. (2.006) found that P. mcaUlii in the 
Thousand Palms Oasis Preserve in Coachella 
Valley, Riverside County, experienced negative 
edge effects along the desert/suburban bound· 
ary of the preserve. Phqrnosoma mcallii were at 
low abundance within 150 m of the edge com• 
pared to farther into the preserve. The mecha­
nism behind the negative effect was 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 effect on native harvester ant al>un• 
dance and nonnative ants were not detected, so 
the edge effect is probably not due to impacts 
on prey availability (Barrows et al. 2.006). In 
another study in Yuma, Arizona, 90% of 
shrike-killed P. mcal#i were within 10 m of a 
road (Young zoro). Nonnative ants and plants 
may also pose a threat to P. mcallii ( see the 
"Monitoring, Research, and Survey Needs" sec­
tion). Wind and solar development may be of 
particular 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 IJ. Weigand. pers. comm.). 
Such development may lead to habitat 
degradation and loss, as well as increased 
fragmentation. 

Off-highway vehicle use has long been sus• 
pected of negatively impacting P. mcallii popu­
lations through direct effects such as mortality 
and indirect effects on habitat quality. Within 
protected Management Areas (see the "Man­
agement Recomme11dationsn section), off. 
highway vehicle use is restricted to designated 
areas (Grant and Doherty 2.009). Outside of 
these protected areas, approximately 100,000 

ha of remaining habitat may be subject to off. 
highway vehicle activity, an area encompassing 
more than a quarter of remaining habitat in 
California (Grant and Doherty :z.009). Grant 
and Doherty (2.009) experimentally tested the 
hypothesis that off-highway vehicles crush dor• 
mant P. mcallii 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 1982., 
Muth and Fisher 1992.). McGrann et al. {2.006) 

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 effects of off.highway vehicle 
use on P. mcallii (McGrann et al. 2006). 

Aside from incl'eases in temperature, there is 
little consensus as to how climate change will 
affect the Sonoran Desert region of California 
where P. mcaUii occurs. Mean annual tempera­
tures are expected to increase, with 2.2. additional 
extremely hot days per year (where temperatures 
exceed the long-term 95th percentile) and ro 
fewer days below o•c predicted (Bell et al. 2004). 

High temperatures may limit surface activity, 
whereas warmer. shorter winters may increase 
opportunities for growth and reproduction. Esti­
mates of changes in rainfall range from modest 
increases in mean annual rainfall up to 45% 
decreases (reviewed in PRBO 201I}. This uncer­
tainty in how precipitation will change makes it 
difficult to predict how P. mcaUii will be affected. 
The effect of rainfall timing and magnitude on 
P. mcallii populations is likely complex, as 
drought reduces juvenile growth rate and adult 
movement, but wet years reduce prey abundance 
(see the "Life History" section). How fire dynam­
ics will change in this area is also highly uncer­
tain {Westerling and Bryant 2008). Little change 
is expected in vegetation communities (Lenihan 
et al. 2.008, Stralllerg et al. 2,009). 

Status Determi11atior1 

Tlte specialized diet of Phqmosoma mcaltii, 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, efforts to secure range­
wide protection for P. mcallii have been under­
way for several years. with the species first iden­
tified as a candidate for listing under the federal 
Endangered Species Act in 1932. (reviewed 
in USFWS 2.oua). In r989, this lizard was 
rejected for listing imderthe California Endan­
gered Species Act. Following these efforts, sev­
eral state and federal agencies comprising the 
Flat-tailed Homed Lizard lnteragency 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 
c997). In 2003, the range-wide management 
strategy was updated, providing reviews of biol­
ogy, threats, and management recommenda­
tions for P. mcaUii (FTHL ICC 2003). In 2011, 

P. mcaHii was again denied federal protection 
under the Endangered Species Act (USFWS 
2.011a). In broad terms, the USFWS concluded 
that the threats to P. mcaUii that initiated con­
sideration fo:r listing have been largely 

, addressed by management efforts (USFWS 
2orra). However. P. m,allii populations con­
tinue to face a variety of threats throughout 
their range in California. 

Management Recommendations 

The main management actions that can sup­
port Pbrynosoma mcallii populations are those 
that limit habitat disturbance and destruction. 
Development that leads to habitat ..:onversion or 
fragmentation should be avoided or limited in 
P. mcaltii habitat. Renewable energy projects 
should consider potential negative impacts on 
P. mcallii. Limiting off.highway vehicle use to 
the overwintering season when animals are 
less likely to be surface-active may help limit 
direct mortality impacts. Roadside barriers and 
crossing structures should be investigated to 
reduce road mortality in areas where roads may 
be barriers to population connectivity. The use 
of pesticides in or near P. mcallii habitat should 
consider potential negative impacts on native 
ant prey that are an important determinant of 
habitat quality for this species. Habitat corri­
dors should be established or maintained to 
promote connectivity among remaining popu­
lations, particularly across the United States­
Mexico border. Assisted migration may be 
important for ensuring gene flow across obsta­
cles such as fences along the United States­
Mexico border. Restoration of degraded habitats 
could include activities such as manipulating 
soil properties, removing or controlling nonna­
tive plants, and replanting of native plant spe­
cies that provide food for harvester ants and 
open habitat for P. mcallii. 
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The Flat-tailed Horned Lizard lnteragency 
Coordinating Committee has implemented a 
management strategy for P. mcaJlii {FTHL !CC 
2,003). In California. this strategy includes the 
establishment of three Management Areas and 
one Research Area encompassing roughly 
170,000 ha in regions of California deemed 
especially important to the species including 
the Borrego Badlattds, West Mesa. East Mesa. 
and Ocotillo Wells. The conservation and man• 
agement of these areas is described in the 
FHTL ICC (2003) document. and we refer the 
reader there for additional details. There is cur­
rently no management area in the northwest­
ern portion of the range. However. the 
Coachella Valley Multiple Species Habitat Con­
servation Plan and Natural Communities Con­
servation Plan will protect approximately 44% 
of remaining habitat in Coachella Valley (FTH L 
!CC zoo3}. 

Monitoring, Research, and Survey Needs 

Monitoring Phq•nosoma mcallii is difficult 
because this spedes is cryptic, population 
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
soma mcal!ii is cryptically colored and also 
exhibits cryptic behavior. tending to freeze 
and/or bury itself in the sand instead of fleeing 
(Bryant 1911). Young (2010) observed that 
radio-tagged individuals in Arizona were 
almost always motionless when approached, 
but tracks showed that the animals ran 1-2 m 
to reach the cover of twigs or vegetation, then 
froze to avoid detection. Over 25% of the time, 
fleeing individuals also shuffled into the sand 
(Young 2010). Such crypsis results in a strottg 
effect of observer experience on survey success 
{Grant and Doherty 2007). 

To deal with these challenges. researchers 
have tried to use statistical methods to explic­
itly incorporate detection probability (the prob­
ahility of seeing lizards if they are presettt) into 
mark-recapture estimates of population a bun• 
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dance (e.g .. Grant and Doherty 2007, Royle and 
Young 2.00&). Detection probabilities ranged 
from 0.06 to 0.15 (Young 2010} to as l:tigh as 
0.52. on sandy plots intensively searched by 
experienced observers (Young and Royle 2.005). 
Range-wide monitoring by members of the 
FTHL JCC from zoo~ to z.012 yielded detection 
probabilities ranging from 0.15 in the Borrego 
Badlands to 0.79 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 plagued by low detection 
probabilities. Because of these challenges. dis­
tinguishing population declines from natural 
fluctuations in abundance is difficult, unless 
declines are severe. As an alternative. Young 
(z.010) recommended monitoring presence/ 
absence over large areas using scat surveys. 

Scat counts were commonly used into the 
1990s to estimate abundance, but their reliabil­
ity for measuring density has subsequently 
been questioned (e.g., Muth and Fisher 1992., 
Beauchamp et al. 199&). However, scats have 
been shown to be a good indicator of P. mcallii 
presence, at least in areas where congeners are 
absent (Young and Royle 2.005). If scats are 
present on a 0.75 ha plot, there is a >99% prob­
ability of an observer detecting them within an 
hour (Young and Royle 2.005). Young (zo10) 
proposed that such scat surveys could be useful 
for delineating occupied habitat across large 
areas and that monitoring changes in site occu­
pancy over time might be a more viable moni­
toring strategy than trying to estimate 
abundance. 

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



ants, which have been shown to negatively 
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 known to have moved 
into P. rncallii habitat (Banows et al. 2.006). 

Fire ants may also pose a threat to P. mcallii (J. 

Weigand, pers. comm.), and their spread and 
potential impacts should be studied. Nonnative 
plant species are suspected to negatively impact 
homed lizards by reducing the availability of 
open habitat and seed-producing plants and by 
impacting locomotion (Germano et al. 2oor, 

Newbold 2005. Barrows et al. 2009, Rieder 
et al. 2010). Introduced plants such as tall-

growing or Sahara mustard ( Brassica 
lourne.fortii) now occur in P. mcallii habitat, and 
the effects of these species require further 
study (f. Shedd, pers. comm .. Barrows 2012.). 

Barrier fences that prevent lizard access to 
roads have been successful in Yuma. Arizona 
(e.g .. Gardner et al. 2004), and may be benefi­
cial in targeted areas in California. However. 
more research is needed into crossing structure 
design and siting to prevent forther 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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COLORADO DESERT FRINGE-TOED LIZARD 

Uma notata Baird 1858 

Status Summary 

Urna ootata is a Priority 2 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 58% (64/no). During the previous evalua• 
tion, it was also considered a Species of Special 

Concern (Jennings and Hayes 1994a). 

Identification 

Uma notala is a medium•sized lizard (7.0-12..2. 
cm SVL) with a moderately flattened body, a 
countersunk lower jaw, keeled labial scales, pro­
jecting row of poinred scales on the toes, eyelids, 
and ear openings that form a fringe (Cope 1894, 
Heifetz 1941, Stebbins 1954, Stebbins 2003). 

The dorsal color pattern consists oflight pale yel­
low to cream ocelli, with dark or reddish centers 
over a dark ground color (Van Denburgh 1922., 
Stebbins 1954, Stebbins 2003). These ocelli tend 
to form broken lengthwise lines at the shoulders 
(Heifetz 1941). The dark dorsal coloration fades 
to reddish brown on the head and legs {Van Den­
burgh 1922). The undersurface is white, with 
prominent dark ventrolateral spots or bars on 
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the underside of the tail and narrow diagonal 
lines on the underside of the throat (Stebbins 
2003). An orange or pinkish stripe occurs along 
the lower flanks and becomes more prominent 
during the breeding season (Stebbins t954). 

C()forado Deserl Fringe-Toed tizard: Risk FacM1s 

Ranking Criteria (Maximum Swte) Score 

LRwp~~P~ ro 
ii. Distribution trend (2~) 15 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 7 

vi. Population trend {25) 15 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 10 

Total Score 64 

Total Possible 110 

Total Score/Total Possible 058 
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Orange coloration may also be present around 
the eye. 

Uma nctala can easily be confused with its 
congeners in California, the Coachella Valley 
fringe-toed lizard (LI. inornat.a) and the Mojave 
fringe-toed lizard (U. swparia), although none 
of these species have overlapping ranges. Uma 
inornata Jacks the large and prominent blotches 
on the ventral surface, although small black 
spots may be present (Stebbins 2.003}. Uma sco­
paria usually has narrow lines on the throat 
that form chevrons and has dorsal ocelli that do 
not form broken lines on the shoulders (Steb• 
bins 200J). The sympatric zebra-tailed lizard 
( Callisattrus araconoides) also has black bars on 
the tail. although these form bands that encir­
cle the tail rather than being present only on 
the underside. Callisaurus also lacks fringes on 
both the toes and the ear openings and has an 
overall slimmer body shape (Stebbins 200J). 

Toxonomic Reloticnsliips 

The taxonomy of the fringe-toed lizards has 
been confusing since their original description 
and remains somewhat controversial. Uma 
notata was initially described from a single pre­
served juvenile specimen in poor condition 
(Baird 1858). The initial description of morphol­
ogy was inade<J_uate to diagnose the ta1<on and 
provided details on coloration specific to the 
poorly preserved specimen ("light pea green, 
spotted with darker green") and an inaccurate 
type locality ("Mojave Desert"). An expanded 
description was later provided by Cope (1894, 
18951>}, which helped clarify the distinctiveness 
of the taxon. Heifetz (1941) provided a thorough 
morphological analysis of the genus and con­
cluded that U. n<1lata should be treated as a spe­
cies separate from the other two California spe­
cies ( U. inomata attd U. scoparia). However, 
these three species are closely related and their 
treatment in the literature has shifted between 
subspecies (of U. Mtata) and full species (Steb­
bins 1954, Norris 1958. Mayhew 1964a, May• 
hew 1964b. Adest 1977. Zalusky et al. 1980). 

In addition, s,:,me authors recognize two 
subspecies within U. notata. Uma 11otata rufop• 
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unctata (Cope 18951>} ranges through Arizona 
and northwestern mainland Mexico, while U. 

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. notata is sister to U. inornata to 
the exclusion of U. n. nifopunctata (Wilgen• 
busch and De Queiroz :i.ooo, Trepanier and 
Murphy 2.001). Trepanier and Murphy (2001) 

noted that the mitochondrial DNA implied 
either that U. inornata should be considered 
part of U. notata or that U. n. notata should be 
elevated to a full species and that U. ,i. rufop-
1mctata 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 U. notala as a full 
species, separate from U. n. rufopimctata. Fur• 
ther genetic analyses using multiple independ­
ent sequence markers are needed to clarify 
these spe<:ies boundaries, as well as the phylo­
genetic relationships among species and 
subspecies. 

Life History 

To the extent that it has been studied, the life 
history of U. notata is essentially identical to 
that of U. scoparia. This species specializes on 
fine windblown sand habitats and possesses 
several behavioral. morphological, and physio­
logical adaptations allowing it to do so (see 
account for U. scoparia). Th.is species has a 
yearly activity cycle that is similar to U. sco­
paria, becoming surface-active as early as Feb­
ruary. breeding between April and July. with 
egg laying in May-July and young appearing in 
September (Stebbins 1954, Grismer zooz. 
Stebbins 2003). 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 
notata has a generalized diet composed 
of leaves. flowers, seeds, and a variety of 
small arthropods that is similar to the diet of 



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

Habitat Requirements 

To the extent that they have been studied, habi­
tat requirements are identical to those of Uma 

scoparia and are described in that species' 
account. 

Distribution (Past and Present) 

Uma notata ranges from the southeastern corner 
of California north and west to the Salton Sea 
and the northeastern corner of San Diego 
County. Outside of Califomia, it ranges farther 
south into Baja California, Mexico, to a latitude 
roughly parallel with the mouth of the Colorado 
River (Jennings and Hayes 1994a, Grismer 
2002.). The species' known eh:vational range 
extends from 74 m below to 180 m above sea level 
(Jennings and Hayes 1994a. Stebbins 2003). 

Few distributional declines have been docu­
mented, although we presume that they have 
occurred in some areas that have been heavily 
impacted by off-highway 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 
Salton Sea (Jennings and Hayes 1994a). 

Trends in Abundance 

Few data regarding historical Uma 110tala pop­
ulation densities exist, although survey data 
strongly suggest that ongoing declines are 
occurring in areas that experience off.highway 
vehicle use. Luckenbach and Bury (1963) con• 
ducted surveys in paired plots at the Algodones 
Dunes (Imperial County, California) that had 
or had not experienced off.highway vehicle dis­
turbance. Uma notata abundance on off. 
highway vehicle-impacted plots was signifi­
cantly lower than nonimpacted areas. 

Nature and Degree of Threat 

Uma notata is experiencing many of the same 
threats as U. scopr;iria. Habitat loss due to off. 
highway vehicle damage and habitat destruc-

tion due to human activities is the greatest· 
immediate cottcern. Luckenbach and Bury 
{1983) demonstrated major decreases in abun• 
dance from off-highway vehicle use due to 
direct mortality and decreasing vegetation den­
sity and quality. Off-highway vehicle use in 
Uma habitat also causes increased rates of tail 
loss and hearing loss, neither of which are fatal 
but both of which decrease individual fitness 
(Brattstrom and Bondello 1983. Luckenbach 
and Bury r983). Climate chattge models for 
this region predict relatively sharp increases in 
mean temperature of up to :2.•c. The impact of 
such increases on U. notata is not known but 
should be a high priority for future research. 
Other threats include increasing predation 
associated with human c.ommensals and the 
more general problems associated with reduced 
population size and fragmentation. See the U. 
scoparia account for additional discussion. 

Stat1.1s Determination 

Uma notata specialize3 on a habitat which is 
uncommon. patchy. and undergoing signifi• 
cant degradation, and this is the primary justi­
fication for this Priority :2. designation. Several 
populations of this species appear to be stable, 
and some of the habitat occurs on protected 
land; thus, a higher-priority designation is not 
currently justified. 

Management Recommendations 

The primary management need for Um,i no1ata 
is habitat protection. Protecting sand dune habi· 
tat from the impact of off-highway vehicle use 
alone will significantly increase the probability 
of long•teim 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. iiotata, and 
the limited distribution of the species requires 
that impacts be reviewed on a project-by-project 
basis. Over the longer term, increasing tern• 
perature and potentially decreased p1ecipitation 
due to climate change (PRBO 2.on) could also 
lead to habitat loss, which may require the 
development 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. 

Monitoring, Research. and Stuve~ Needs 

The monitoring needs for Uma notata are 
essentially identical to those of U. scoparia. 
Overall. less of lJ. notau:i's range occurs on pro­
tected land, so these monitoring efforts (and 
accompanying habitat protection) are needed 
more urgently for this uixon than for U. sco­
paria. The impact that habitat modification may 
have on U. notala populations is an area in need 

of additional study. Two genetic needs are criti• 
cal. First, the species boundaries of Uma. 
including the distinctiveness of the subspecies 
of U. n. rufop1mctata 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 (Trepanier and Murphy 2001). 

Second, landscape genetic analyses quantifying 
the extent of past and current gene flow among 
isolated or semi-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. 



MOJAVE FRINGE-TOED LIZARD 

Uma scoparia Cope 1894 

Status Summary 

Uma scoparia is a Priority 3 Species of Special 
Concern, receiving a Total Scoreffotal Possible 
of 55% (6r/no). During the previous evalua• 
tion, it was also considered a Species of Special 
Concern (Jennings and Hayes 1994a). 

tdenti.ficaiion 
Utna scoparia is a medium-sized lizard (7.0-
11.4 cm SVL) with a moderately flattened body, 
a countersunk lower jaw. keeled labial scales. a 
projecting row of pointed scales on the toes. 
eyelids, and car openings that form a fringe 
(Cope 1894. Stebbins 1954). The dorsal ground 
coloration is black and is heavily covered, with a 
pattern of white or tan ocelli with blackish to 
reddish centers that do not form lines ()Ver the 
shou)ders (Cope 1894. Heifetz 1941, Jennings 
and Hayes 1994a, Stebbins 2003}. This dark 
coloration fades to brown or tan on the head, 
limbs. and tail. The light dorsal coloration tends 
to vary among populations and usually matches 
the color of the sand in the vicinity (Miller and 

Stebbins 1964). The ventral surface is white, 
with two prominent black spots on either side 
of the body (some populations have an addi­
tional set of preanal spots) and black bars along 
the underside of the tail (Heifetz 1941). The 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 10 

iii, Population concentration/ 0 
migration {10} 

iv. Endemism (10) 7 

v. Ecological tolerance (10} 7 

vi. Population trend in) 10 

vii. Vulnerability to climate change {10) 'J 

viii. Projected impacts (10) 10 

Total Score 61 

Total Possible 110 

Total Score/Total Possible o.ss 
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throat is marked with narrow crescent-shaped 
black bars (Cope 1895b, Heifetz 1941, Stebbins 
2003). During the breeding season, a yellow. 
green wash may develop on the ventral surface 
and fade into pink on the sides (Stebbins 

200}), 

This species could be confused with its con• 
geners. the Coachella Valley fringe-toed lizard 
{ U. inornata) and the Colorado Desert fringe­
toed lizard ( U. notata). Uma inomata has 
greatly reduced, or lacks altogether, the Wt\• 

spicuous black spots on the sides of the belly 
and has ocelli that tend to form lines over the 
shoulders. Uma notata usually has diagonal 
lines on the throat rather than crescent-shaped 
lines and has ocelh that tend to form lines over 
the shoulders (Stebbins 2003). These three 
species do not overlap in range, although U. 
scoparia is broadly sympatric with the zebra­
tailed lizard (C. dmconoides), with which it also 
might be confused. Callisaums dmconoides 

lacks fringe scales on the ear openings and 
toes, has an overall slimmer body shape, and 
has black bands that form rings around the dis• 
tal portion of the tail rather than only being on 
the tail underside (Stebbins 2003). 

Taxonomic Relationships 

Uma scoparia was initially described on the 
basis of femoral pore counts and several scala­
tion characters (Cope 1894, Cope 1895b). lt was 
later placed in synonymy with U. no/ala when 
several of Cope's diagnostic characters were 
reinterpreted as representing individual varia• 
tion rather than species differences (Camp 
1916b, Van Denburgh 1922). The taxon was 
later resurrected to full species status based on 
a larger series of specimens that identified 
diagnostic morphological differences among 
the taxa ( Heifetz r941). Several different 
authors have noted external morphological, 
osteological, and genetic similarity among 
members of the genus and have variously 
treated U. scoparia as a full species or subspe• 
cies of U. notata (Stebbins 1954. Norris 1958, 
Mayhew r964a, Mayhew 1964b, Adest 1977, 
Zalusky et al. 1980). Carpenter (1963) showed 

that the pattern of push-up behavior used in 
territorial displays was distinct in U. scoparia, 

compared to U. inoniata and U. 11otata, and 
suggested that this may serve as an isolating 
mechanism. 

Phylogenetic analyses of mitochondrial data 
suggested that U. scoparia is monophyletic 
(Trepanier and Murphy 2001. Murphy et al. 
2006) and forms a dade with the other Mojave 
and Sonoran Desert taxa (U. inornata and U. 
noiata) (Wilgenbusch and De Queiroz 2000). 

Mitochondrial data also suggest that some hap­
lotype diversity occurs within the U. scoparia 
(Murphy et al. 2006}, although divergences are 
low and additiolt3l, multigene ttudear data are 
needed to clarify intraspecific variation. Popu­
lations occurring in the northern part of the 
range have been proposed as a distinct popula­
tion segment based on mitochondrial phyloge• 
ography and presumed isolation (Murphy et al. 
2006). 

Life History 

Uma scopari,i is an active. wary. diurnal lizard 
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 use oflife history 
information from these other species when it is 
not available for ll. scoparia. Species in the 
genus Uma all possess a number of morpho­
logical, behavioral, and physiologica I adapta­
tions that allow them to persi&t in arid habitats. 
Specifically, a countersunk lower jaw, nasal 
valves, and fringes on the eyes and ear open• 
ings allow U. scoparia to prevent sand from 
entering the body (Norris 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 e>:peri­
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 1986). 
The tlattened body form, wedge-shaped head, 
enlarged, keeled scales on the head, limbs and 
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toes, and the smooth granular scales over the 
rest of the body aid in burrowing and "sand· 
swimming" behavior (Stebbins 1944). Uma 

scoparia employs this behavior both to escape 
from predators and to take refuge from 
extremely hot surface conditions (typically 
when surface temperature exceeds 43°C; Norris 
1958). Uma scoparia possesses both acute 
vision and hearing. which aid in predator avoid­
ance and prey capture (Stebbins 1944). 

Adult U. scoparia overwinter in the sand 
between November and February. then become 
surface-active throughout the day as tempera­
tures allow. The species maintains a mean 
body 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 summer between April and July, 
and females lay dutches of 1-5 eggs (usually 2. 

or 3); more than one clutch may be produced in 
optimal years (Stebbins 1954. Mayhew 1966. 
F1omer et al. 1983, Stebbins 2003). Young 
begin to appear on the surface in September 
(Miller and Stebbins 1964). 

Uma sc:oparia has a generalized diet that 
includes a variety of beetles, ants, wasps, flies, 
and other small arthropods, as well as plant 
leaves and seeds {Stebbins r944). At Dale Dry 
Lake, San Bernardino County, the diet of adult 
U. scoparia consisted of approximatE.-ly 60% 
plant material (mainly in the form of small 
seeds) and 40% small arthropods (Minnich 
and Shoemaker 197.2). The juvenile diet, con• 
versely. was composed of over 90% arthropods 
(Minnich and Shoemaker 1972). In low rainfall 
years. adults may be forced to switch to a diet 
composed mostly of arthropods due to lack of 
vegetation, and this may be suboptimal (Bar­
rows 2006). The quality of available food is 
probably dependent on the local rainfall, which 
varies widely from year to year throughout the 
species' range. Barrows (2006) found that a 
regression model including rainfall and diet 
explained 92% of the variation in U. i11ornata 
density and that population sizes could 

approach zero during multiyear droughts and 
then quickly rebound when average rainfall 
resumed. 

Habitat Requirements 

Uma scoparia lives exclusively on fine wind­
blown sand (Stebbins 1944). Habitat where 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 
<0.5 mm. Areas with large sand grains (>2 mm 
in diameter) appear to be avoided, presumably 
because this impedes sand swimming and 
burying behavior (Stebbins 1944. Norris 1958, 
Promer et al. 198;). Within appropriate habitat. 
individuals select areas with the finest sand 
available (often the downwind side of vegeta­
tion and slopes) {Stebbins 1944. Norris 1958 ). 
Some vegetation is probably required for food 
and shade (Miller and Stebbins t964). 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 Uma will enter 
these areas to migrate between adjacent areas 
of suitable habitat, although additional :study of 
this question would be valuable. 

Uma scopMia may require relatively large 
habitat patches for long-term persistence. Pop• 
ulation modeling in the ecologically similar 
U. inc>rriata suggests that plot sizes smaller 
than 100-200 ha are unlikely to allow long· 
term persistence of isolated populations (Chen 
et al. 2006). 

Distrib1,1tion (Post and Pment) 

Uma scoparia is patchily distributed through­
out much of the Mojave Desert in California. 
The range extends from near the southern end 
of Death Valley at the Inyo- San Bernadino 
County line south through San Bernardino and 
Riverside Counties. extending west narrowly 
into Los Angeles County (Van Denburgh 192.2, 

Norris 1958, Miller and Stebbins 1964, Pough 



1974, Jennings and Hayes 1994a, Stebbins 
200}). Norris (r958) reports a record from Inyo 
County, whkh has often been repeate<l in the 
literature. However, the stated locality "one and 
one-half miles southeast of Saratoga Springs" 
p1aces this record in San Bernardino County, 
and we know of no other confirmed records 
from Inyo 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 possible Uma 
tracks rl:'ported from the Eureka Sand Dunes, 
Inyo County, California, would extend the 
known range -175 km to the northwest .ind 

requires verification ( Bolster et al. 2000). The 
known elevational range extends from below 
sea level to nearly 1000 m (Jennings and Hayes 
r994a}. 

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 a!. 2006). 

Additional extirpations may have occurred at 
Rogers Dry Lake, Kern County. California, and 
Saddleback Butte, Los Angeles County, Califor­
nia (CBD aoo6). 

Trends in Abund'1m:e 

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

Nature 011d Degree of Threat 

The most important threats facing Uma sco• 
paria are habitat loss and fragmentation due to 
human activities and off.highway vehicle use, 
which negatively impacts loose sand habitat. 
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 ecologically similar spe­
cies U. inr,rnata suggests that these lizards are 
highly sensitive to stabilization of their sand 
habitat (Turner et al. 19&4). 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. 

inomaea (Barrows and Allen 2007). In addi­
tion, surveys for the ecologically similar U. 
notata that compared lizard abundances in 

areas that experienced off.highway vehicle use 
to areas that do not, found much higher densi­
ties in the Jess-impacted habitat (Luckenbach 
and Bury 1983). Off highway vehicles impact 
this species through direct mortality, destrnc• 
tion of vegetation (which is correlated with liz­
ard abundance). and increased rates of tail loss 
{Luckenbach and Bury 1983. Ouren et a.I. 
2007). Further, U. sc1>paria has sensitive hear• 
ing that is easily damaged by eve1t moderate 
and short duration off-highway vehicle activity 
(Brattstrom and Bondello r983). Hearing 
loss likely harms this lizard's efficiency 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 
dumps. may also be causing declines in lizard 
abundance in localized areas (Bolster et al. 
2000). 

Urn a scoparia is likely sensitive to the effects 
of climate change. Climate change models for 
this region pre<lict relatively sharp increases in 
mean temperature of up to 2•c (PRBO 2011). 

The impact of such increases on U. sc1>paria 
and on critical plant species is not known but 
could be large and should be a high priority for 
future research. The distribution of U. inornala 
is associated with an east-to-west drought gra• 
dient in the Coachella Valley (Barrows and 
Allen 2007). Like off-highway vehicle use. 
drought decreases the amount and quality of 
vegetation present, which limits both food and 
cover for this species (Barrows et al. 2010). 
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Because Uma specializes on relatively isolated 
patches of habitat, it is probably unable to track 
available habitat with changing climatic condi­
tions. Climate change modeling studies on 
other Uma species ( U. iliornata; the Coahuila 
fringe•toed lizard. U. exsul; and the Chihua­
huan fri11ge-t-0ed lizard, U. pamphygas} predict 
significant habitat loss under a relatively wide 
range of climate change scenarios (Ballesteros­
Barrera et al. 2007. Barrows et al. 2010) and 
these results are also likely to apply to U. 
scoparia. 

Status Determination 

Uma's specialized habitat is 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 subiect to off• 
highway vehicle use. precluding the nee<l for a 
higher-priority designation. 

On 10 April 2006, the Center for Biological 
Diversity and Sylvia Papadakos-Moraflr.a peti­
tioned the US Department of the Interior to list 
the northern population segment identified by 
Murphy et al. {2006) under the Federal Endan­
gered Species Act (CBD 2006}. The USFWS 
issued a 90-day finding that substantial evi­
dence for listing need had been presente<l and 
initiated a 12-month status review for th.e 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 2011}. 

Management Recommendatio11s 

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 vehicles and other 
human impacts. Over longer 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. If restoration occurs 
in areas where extirpation has occurred or if 
development activities further isolate occupied 
habitat patches, human-assisted translocation. 
potentially in association with captive breeding 
programs, may be a key strategy for this 
species. 

Monitoring, Research and Survey Ne.eds 

Two key research efforts for Uma scoi•aria 
should focus on the effects of human activities 
(including off.highway vehicles, solar and wind 
energy development. and roads) and the genetic 
effects ofboth natural and anthropogenic habi­
tat fragmentation. The effects of off-highway 
vehicles are particularly important, and moni­
toring efforts should be initiated in areas that 
experience off-highway vehicle use compared 
to more pristine. adjacent areas. In particular, 
these 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 
hE.- managed independently. For example, if off­
highway vehicle use primarily affects these liz­
ards through reductions in vegetation, habitat 
restoration coupled with restricting off.highway 
vehicles to ce1tain trails or corridors could con­
stitute a reasonable management strategy. 
Alternatively, noise pollution effects may 
require eliminating off-highway vehicle access 
in areas where the lizards are present. Because 
population sizes naturally fluctuate with rain­
fall in this species (Barrows 2,006), 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 lizaid detection and the accu­
racy of population size estimates can be 



increased with repeated sampling and specific 
detection methods (Turner et al. 1984, Bolster 
et al. 2.000), a1td these should form the founda­
tion of monitoring protocols. 

Genetic studies are critical at two distinct 
levels of resolution that require different data• 
sets and analytical approaches. Spe<:ies bound­
aries across Uma and large-scale phylogeo• 
graphic patterns within U. scoparia remain 
poorly resolved (see also the spedes account for 
U. notata), and both are critical for effective 
management. For species boundary work, the 
resolution of the number and ide1ttity of species 
contained within the genus requires a multi· 
locus nuclear dataset to complement initial 
work using mitochondrial DNA (Trepanier and 
Murphy 2001). Within U. scoparia, phylogeo­
graphic studies using multiple nuclear markers 

are also needed in order to quantify the 
intraspecific diversity present within the spe• 
cies. At a finer scale, landscape and population 
genetic studies are also badly neede<! to estab• 
lish natural levels of gene Aow, including move­
ment across seemingly inhospitable habitat 
patches, for this windblown sand habitat spe­
cialist. These data can advise and guide plans 
for habitat acquisition both now and in the face 
of climate change. and may be a critical ele• 
ment in establishing appropriate habitat corri­
dors and supplementing ecological survey data 
to guide potential human-assisted transloca­
tion. Finally. these multi-locus microsatellite or 
SN P-based studies can help clarify the amount 
of migration (if any) between adjacent popula• 
lions and effective population sizes of existing 
local populations. 
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SANDSTONE NIGHT LIZARD 

Xantusio grac;lis Grismer and Galvan 1986 

Sfatus Summar)' 

Xaniusia gmcilis is a Priority 3 Species of Spe· 
cial Concern, receiving a Total Score/Total Pos• 
sible of 38% (42/uo). During the previous 
evaluation, it was also designated as a Species 
of Special Concern (as Xaritusia liensliawi graci­

lis; Jennings and Hayes 1994a). 

ldenliji"1tion 

Xantusia gracius is a medium-sized {5.1-7 cm 
SVL) lizard with soft skin and granular scales on 
the dorsal surface, enlarged plates on the ventral 
surface. and a prominent gular fold (Grismer 
and Galvan 1986, Lovich and Grismer 2001, 

Stebbins 2003, Lovich 2009h). The dorsal col­
oration is pale tan/brown, with many round 
dark-brown spots, while the ventral surface is 
dean white or white, with a very small amount 
of black speckling on the front limbs and throat 
{Grismer and Galvan 1986). The head is flat­
tened, and the eyes have vertically oriented 
pupils (Stebbins 2003). Th.e overall body shape 
is relatively slender compared to its closest ( and 
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most similar) relative the granite night lizard 
(X. kensltC1wi) (Grismer and Galvan 1986). 

Within its range. X. gracilis is only likely to 
be confused with its sister spedes X. lienshC1wi. 

SQlldrtone Night Lizard: Risk Factors 

Ranking Criteria {Maximum Score) Score 

i. Range size (10) 10 

ii. Dist,ibution trend (2S) 5 

iii. Population concentration/ 0 
migration (10} 

iv. Endemism (10} to 

v. Ecological tolerance (10) 10 

vi. Population trend (2S) 0 

vii, Vulnerability to climate change (10} 7 

viii. Projecred impac;ts (10) 0 

Total Score 42 

Total Possible 110 

Total Score/Total Possible 0.38 
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The two species do not overlap in range but 
occur within 32. km of each other. Xantusia he.n­
shawi has larger dark spots on the dorsal sur­
face. more extensive speckling on the ventral 
surface. and an overall more robust body shape 
(Grismer and Galvan 1986). Xantusia gracilis 
also has an enlarged temporal scale (about half 
the size of the postparietal) compared to X. heii­
shawi (typically less than one-quarter the size 
of the postparietal: Grismer and Galvan 1986}. 
The peninsular leaf-toed gecko (Ph)•llodactylus 
11octicolus) also occurs in the vicinity of X. graci­
lis. but this lizard lacks the dark-brown dorsal 
spots and has prominent, expanded toe tips. 

Taxonomic Relationships 

Xantusia gracilis was initially described as a 
subspecies of X. hemhawi 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 with.in X. henshawi 
for a single mitochondrial locus (Lovich 2oor). 
This arrangement is now widely accepted. 

t.ife History 

The life history of Xanlusia gracilis is poorly 
studied. particularly so in wild populations. 
Given the species' overall similarity in most 
respects to X. henshawi, we expect that life his­
tory information from X. henshawi is a reason­
ably good predictor for X. gmcilis (Lee 1975). 
However, 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. Xantusiagracilisis likely active 
from spring through fall {Lemm 2.006). In cap­
tivity, it has been sh.own to be more strongly 
nocturnal than X. henshawi, more frequently 
found on the sandy substrate on the bottom of 
the enclosure and does not seem to be limited 
to rock faces (Lee c975, Grismer and Galvan 
1986). Based on what i!I known about X. lien• 
shawi, we expect that X. gra.citis has a low meta­
bolic rate and is quite sedentary, feeding prima­
rily ants, beetles, and spiders (Brattstrom 1952., 

Lee r975, Mautz 1979). In captivity, X. gracilis 
are also known to feed on the eggs of Ph)'ilodac­
t}•lus nocticolus, a behavior that captive X. hen­
shawi in the same enclosure did not exhibit 
(Grismer and Galvan 1986). In X. henshawi, 
mating occurs in June and July, with one or two 
live young born in September or October 
(Brattstr,,m 1951, Lee 1975}, and this may also 
be the case for X. gracilis. Individuals probably 
do not become reproductively mature until 
2..5-3.5 years of age and are likely long-lived, 
although field data are lacking ( Lee 1975). 

Habitat Requirements 

Xanhda gracilfa lives in eroding sandstone and 
mudstone habitat where it utilizes crevices, 
rodent burrows. and the undersides of exfolia­
ting rock flakes as shelter (Grismer and Calvan 
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. 

henshawi (Grismer and Galvan 1986). 

Distribution (Post and Present) 

Xantmia grocitis is restricted to one small area, 
approximately 3.9 km' in total area, on the 
southeastern flank of the Santa Rosa Moun­
tains. entirely within Anza Borrego Desert 
State Park (Grismer and Galvan 1986). The 
known elevational range extends from approxi• 
mately 2.40 to 305 m. Within this small region 
the species is patchily distributed, common in 
some areas and apparently absent in others 
(Grismer and Galvan r986). Xantu.siii henshawi 
occurs approximately 32 km to the north and 
west, and no xantusiid lizards are known from 
the intervening area. No historical distribution 
data are available for this taxon. although we 
have no reason to think that the distribution 
has declined recently. 

Trends in Ab1mdance 

No data on historical or current abundance 
have been published, alth-:>ugh some have sug­
gested that habitat quality has declined due to 
collection activity (R. Lovich, pers. comm.). 



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

Jorgensen. pers. comm.). 

Nature and Degree of Threat 

Xantusia gracilis lives in a fragile habitat in an 
extremely localized area. Damage to this small 
patch of habitat, be it from habitat destruction, 
invasive species, collecting. or climate change. 
is the largest risk facing the species (Lovich 
2009b). It is also likely long-lived and late 
maturing with a low reproductive potential, 
and populations are likely to be slow to recover 
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 Xatitusia graciUs' habitat are significant risk 
facto1s. The species' life history also predisposes 
it to decline in the face of any increased adult 
mortality. Although data are almost entirely lack­
ing. X. gracilis appears to be relatively stable at 

the present time; thus, we designate it as a Prior­
ity 3 Species of Special Concern. 

Management Recommendations 

Limiting access and minimizing disturbance to 
Xantusia gracilis' habitat is currently the most 
important component of effective conservation. 
This management strategy should be reviewed 
as needed 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 

As published historical or current abundances 
of Xantusia gracilis are lacking, publication of 
any existing data is a priol'ity. Formal monitor­
ing should be initiated to establish 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 
rocks or rock flakes, excavating rodent burrows). 
Aside from estimating population size, these 
surveys should also quantify and document any 
observed habitat disturbance. Year-to-year fluc­
tuations in population size occur in other xan• 
tusiid lizards {Lee 1975) and are to be expected 
in X. gracilis as well. Establishing a long-term 
monitoring program is a critical objective. Addi­
tional surveys to establish the precise limits of 
the range of X. gracilis will help determine best 
practices for managing its fragile habitat in the 
heavily used Anza-Borrego Desert State Park. 

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

Finally, multi-Locus microsatellite or SNP 
data should be collected to provide genetic esti• 
mates of effective population size, and poten­
tially levels of gene flow, even for this restricted 
species. A key issue for this species is to sample 
individuals without invasive tissue-removal 
techniques, and it would probably be best to 
work out such protocols on X. h1msha111i before 
applying them to X. gracitis. 
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SIERRA NIGHT LIZARD 

Xoniusia 1,1igilis sierroe 8ezy 1967 

Status Summary 

Xantusia vigilis sierrae is a Priority 3 Species of 
Special Concern, receiving a Total Score/Total 
Possible of 47% (52/uo). During the previous 
evaluation, it was also considered a Species 
of Special Concern (Jennings and Hayes 
t994a). 

Identification 

Xaiitusia vigiti.s sierrae is a small {4-5-1 cm 
SVL), somewhat flattened lizard with granular 
dorsal scales, enlarged square ventral scales, 
soft skin, and a prominent gular fold (Bezy 
r967, Stebbins 2.003). The head is covered with 
enlarged plates, the eyes are lidless, and the 
pupils are vertical (Stebbins 2003). Most speci­
mens are olive or grayish brown above, with a 
pattern of interconnected dark markings that 
form a network, which may give the animal a 
mottled appearance (Bezy c967, Stebbins 
2.003). The ventral surface is light bluish pink 
and generally unmarked (Bezy 1967). A promi­
nent light stripe extends from the rear of the 
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eye posteriorly to the neck or just beyond the 
neck (Bezy 1967). 

Within its range, X. v. sierrae is unlikely to 
be confused with other species, although it is 
similar in appearance to the Yucca night lizard 

Ranking Criteria (Maximum Score} Score 

i. Range size (10) 10 

ii. Distribution trend (25) O 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 10 

vi. Population trend (2S} S 

vii. Vulnerability to climate change {1 O} 1(1 

viii. Projected impacts (10} 7 

Total Score 52 

Total Possible 110 

Total Score/Total Possible 0.47 



• Museum Record 

• CNODB. BIOS. or C<intrroutor 

11a•o·o·w 

SIERRA NIGHT LIZARD 
Xantusia r,igilis sie"ae 

- Range 

C) USOA Eeoregion 

PHOTO ON PREVIOUS PAGE: Sierra night lizard, Kern County, California. O:lurte&y of Jacks-On Shedd. 

2,(;40,000 



(X. v. vigilis), wh.ich occurs nearby. Xanh~sia 
vigilis vigilis has fairly distinct dark spots on the 
dorsal surface that do not form a network, 
though they form narrow longitudinal stripes 
in some populations (Stebbins 2.003). Several 
aspects of the scalation also differentiate these 
two subspecies (Bezy 1967). 

Taxonomic RelQtionships 

Xantusia vigilis sierrae is a member of the X. 
vigi!is species complex. It was initially recog­
nized on the basis of habitat type, coloration. 
scalation. and femoral pore count (Bezy c967). 
Since its initial recognition. genetic analyses 
have shown that X. v. sierme forms a mono­
phyletic group embedded within X. vigilis for 
mitochondrial and nuclear DNA sequence data 
(Sinclair et al. 2004, Leavitt et al. 2.007). Alloz­
yme data also suggest that it is distinct, but a 
dose relative of X. v. vigilis (Bezy and Sites 
1987). One population of X. v. vigilis that occurs 
within 60 km of X. v. sierrae is suspected to 
co1ttain intergrades based on femoral pore 
counts (Bezy 1967), althoi1gh geographically 
more proximate populations (-20 km apart) 
show no evidence of this intermediate condi­
tion (Leavitt et al. 2007). Sinclair et al. (2.004) 

considered X. v. sierrat a .. candidate species" 
who~e 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 2.009). 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. vigili.s 
populations is needed help clarify this issue. In 
particular, such a study could quantify whether. 
and to what extent, migration and intergrada• 
tion occur along the eastern edge of the taxon's 
range. 

!.ife Hisiory 

The life history of Xantusia vigilis sitrrat has not 
been studied. However. among xantusiid 
species that have been examined, life history 
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features are largely conserved across southwest• 
ern United States. and we assume that the 
life history of X. v. vigilis may be a good predic­
tor for X. v. sierrae in many respects. Xantusia 
vigilis sierme is primarily a rock-dwelling spe­
cies, whereas X. 1,. vigilis is more of a habitat 
generalist with some preference fur 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. 
gmdlis). 

Based on information from other species. X. 
11. sierrae is probably a generalist predator that 
consumes a variety of small invertebrate prey 
{Brattstrom 1952, Stebbins 2003, Bezy 2.009). 
Its diet is probably dominated by ants and other 
insects that occur within crevices (Brattstrom 
1952, Bezy 2009). Xa,,tusia vigi!is sierrae is 
probably long-lived and takes 2..5-3.5 years to 
reach sexual maturity (Lee 1975). eventually 
producing I or 2 live young/year (13rattstrom 
1951). 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 l>e nocturnal (X. gracilis; Grismer and 
Galavan 1986}. 

Habitat Requirements 

Xantusia vigiJis sierrae is known primarily from 
e:xfoliating granite outcrops (Bezy 1967), 
though it can also be found under tree bark that 
has fallen on the ground or is loosely attached 
to trees (D. Leavitt, pers. comm.I. Within its 
rocky habitat type. this species is more fre­
quently found under large horizontal cap rocks 
than the more numerous. vertically oriented 
smaller flakes (Bezy 1967). Xanlusia vigilis 
sierrae is also more frequently found in 
small dusters of one or a few boulders than in 
larger rock piles on rocky slopes and canyons 
(Bezy r967). Some authors have speculated 
that this may reflect varying abundances 
associated with differences in predator access 



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

interspersed shrubs and woody vegetation 
(Bezy 1967}. 

Distribution (Post and Present) 

x,rntusia vigilis sierrae is known only from 
rocky hillsides on the western edge of the 
Greenhorn Mountains near Granite Station, 
Kern County, California (Bezy 1967, Stebbins 
:,.003). The known elevational range extends 
from 450 to 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 historical 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 collecting efforts as well as mod• 
erate amounts of landscape modification may 
be causing declines (R. Fisher. pers. comm.). 
although this has not been confirmed. 

Nature and Degree of Threat 

The primary threat facing Xaniusia vigifis sier­
rae is its exceedingly small range that occurs on 
unprotected land. Development in the region is 
taking place and could have catastrophic effects 
on the existing populations, as could any frag­
mentation of the habitat that isolates granite 
outcrops in which this lizard. lives. The rock cap 
and crevice habitat that this species prefers is 
also susceptible to degradation by humans 
(Tennings and Hayes r994a. Stebbins 2003; 

D. Leavitt, pers. comm.). 

Status Determination 

Xantusia vigilis sierrae is a narrowly distributed 
habitat specialist tl1at is endemic to a small 
region of the Sierra Nevada. However, no distri­
butional declines have been documented. and 

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

Management Recommendations 

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

Monitoring, Research, and Survey Needs 

Given the almost complete dearth of ecological 
work on this species, several research and mon• 
itofing needs are required for its future man­
agement and protection. Until recently, this 
species was known only to inhabit exfoliating 
granite. although its actual habitat utilization 
now seems to be somewhat broader than this. 
Further study of habitat use and preferences in 
Xantt.sia vigilis sierrae is essential to establish 
an effective management program. 

A long-term population 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 
size in disturbed and pristine habitats at regu­
lar intervals. Such monitoring can provide both 
critical data on natural population ftuctuations 
and an early warning of declines in their initial 
stages. 

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

rat: is best considered a species or subspecies 



within the X. vigilis complex. An important 
aspect of this work should be to examine popu­
lations in dose proximity to X. v. vigilis to deter­
mine the degree and extent of admixture 
between these taxa. Second, landscape genetic 
worlc across its limited range is needed to quan­
tify the degree of population isolation and sub­
structure among habitat patches, migration 
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corridors that are most heavily used by the liz­
ards, and effective population sizes of popula­
tions in ecologically diverse habitat patches. 
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 
fluctuations over time . 



CALIFORNIA GLOSSY SNAKE 

Arizona elegans i>ccidentalis Blanchard 1924 

Status Summary 

Arizona degans occidentalis is a Priority 1 Spe­
cies of Spedal Concern. receiving a Total Score/ 
Total Possible of 67% (74/no}. It was not 

on the list of candidates considered for Species 
of Special Concern designation during the 
previous evaluation (Jennings and Hayes 

1994a). 

Identification 
Arizona elegcms occidrntalis is a medium-sized 
colubrid (64-99 cm SVL) with tan or brown 
dorsal coloration. It has dark-brown blotches 
edged in black running down the back and a 
series of similar. though smaller, blotches run­
ning down the sides (Klauber 1946, Stebbins 
2003, Lemm 2006). The dorsal coloration is 
often lighter middorsally and darkens to a 
deeper brown on the sides. The lateral blotch­
ing sometimes touches the edges of the ventral 
belly scales, but otherwise the underside is 
unmarked ( Klauber 1946). Scales are unkeeled, 
smooth and glossy, and only one pair of pre-

frontals are present (Stebbins 2003). A dark 
stripe runs from the corner of the mouth to the 
eye on each side of the face. and a third stripe 
connects the eyes across the posterio1 edge of 

the prefrontals (Blanchard 192.4). An additional 

CoCifornia Clossy Snake: Risk Fa,1ors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) s 
ii. Distribution trend (2S) 25 

iii. Population concentration/ 0 
migration (10) 

iv, Endemism (10) 3 

v. Ecological tolerance (10) 3 

vi. Population trend (2S) 25 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 10 

Total Score 74 

Total Possible 110 

Total Sco1e/Total Possible 0.67 
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dark spot is usually present below each eye 
(Klauber r946}. 

In California, this taxon could be confused 
with other subspecies of A. elegaus, with the 
gopher snake (Pitwophis catfllifer), or the night 
snakes {Hypsiglena spp.). This subspecies is 
generally darker than other subspecies of A. 
elegans in California, though intergrades are 
common along the desert slopes of the coastal 
mountains (Klauber 1946). Generally, A. e. 
occidentalis is best distinguished from other 
subspecies based on range. Pitwophis caltmijer 
has keeled scales and (usually) two pairs of pre-­
frontals, while Hypsigle11a is smaller (up to 66 
cm), has strongly elliptical pupils, and an 
extensive dark blotch on the neck (Stebbins 
2003). 

Taxonomic Re/ationsliips 

Arizot11i eleg,ms occid1mtalis was initially 
described on the basis of scale counts and dor­
sal blotching and included all snakes in this 
genus ranging from California through south­
eastern Arizona (Blanchard 1924). Klauber 
{1946) later restricted this taxon and described 
two new subspecies occurring in eastern Cali­
fornia (the Mojave glossy snake, A. e. candida, 
and the desert glossy snake, A. e. eb1miata), 
which differ from A.,. occidentalis primarily in 
body color. lntraspedfic (or intrageneric) varia­
tion has not yet been assessed genetically, 
although at the generic level, Arizona appears 
to be a relatively distant sister taxon to the long-
11osed snake (Rhinocheilus luo11tei} (Pyron and 
Burbrink 2.009). 

Life History 

Arizona elegansis a nocturnal snake that is gen­
erally active from late February until Novem­
ber, depending on local weather conditio11s 
(Klauber 1946. Grismer 2.002). In California. 
A. e. occidentalis reaches peak activity during 
May (Klauber 1946; S. Sweet. pers. comm.). 
with few specimens being collected throughout 
the remainder of the summer (Klauber 1939, 
Goldberg 2.000). The species feeds primarily 
on diurnal lizards. which it captures while they 

sleep, and small nocturnal mammals, which it 
ambushes (Klauber r946, Rodriguez-Robles 
et al. 1999a}. In a sample of 107 prey speci­
mens, 50% were lizards {primarily Sceioporus 
and Uta) and 44% were mammals (primarily 
small rodents). Larger specimens are also 
known to take small birds and other snakes 
(Rodriguez-Robles et al. 1999a). 

Arizona elegans retreats to burrows during 
the day, using either existing mammal bur• 
rows, eJCcavations under rocks, or creating bur• 
rows for itself (Klauber 1946. Degenhardt et al. 
r996). This species can be nocturnally active at 
relatively low temperatures (as low as 14°C, 
though typically r9-2.o•c; Cowles and Bogert 

1944). 
Reprodu~tion is poorly studied in the wild, 

but museum specimens indicate that ovulation 
begins in June, and spermiogenesis occurs in 
late summer (Goldberg 2000). In A. deg1ms 

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 two indi­
viduals contained three and seven eggs, respec• 
tively ( Reynolds 1943, Klauber 1946). Across A. 

eteg1:ms, clutch size varies widely from 3 to 2.3 

eggs, with a mean of 8.5 (Fitch 1970). Recent 
hatchlings are typically found in September (S. 
Sweet. pers. comm.). 

Habieot Requirements 

Arizona elega11s is found in a wide variety of 
habitat types, including open desert, grass­
lands, shrublands, chaparral. and woodlands. 
However, 01,ly a subset of these habitat types 
occurs within A. e. occidentalis' range, prima• 
rily grasslands, fields, coastal sage scrub, and 
chaparral (Klauber c946). 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 con­
sistently producing more records than others 
that have seemingly identical habitat (Klauber 

C.Utf◊lt.NIA GLOSSY Sl!Att£ :1.S7 



t946). Arizona elegans appears to prefer areas 
where the soil is loose, which allows for bur­
rowing (Grismer 200:2, Stebbins 2003). 

Unpublished survey data indicate that A. e. ocd­

den1alis may prefer sandy soil habitats such as 
coastal sand dunes, alluvial creek beds, and 
ancient dunes on the marine terraces (R. 

Fisher, pers. comm.). 

Disuibution (Past and Present) 

Range--wide, Arizona degansoccurs throughout 
much of southwestern North America, extend• 
ing east as far as central Texas, Oklahoma, and 
Kansas, and south to central Mexico. Klauber 
(1946) restricted A. e. occidentalis to the central 
San Joaquin Valley south to the Tehachapi 
Mountains and along the base of the Coast 
Range mountains farther south to San Quin• 
tin, Baja California. This subspecies is known 
to occur from sea level to -1800 m (Lemm 
2006). 

Arizona e!egan.s occidenta!is 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 :2001, 

Fisher 2,004). Extensive agricultural develop­
ment and habitat modification throughout the 
San Joaquin Valley and urban development 
within the Los Angeles basin have likely led to 

declines and/or extirpations in these areas as 
well (Stebbins 2003; R. Fisher, pers. comm.). 

Trends in Abu11da11ce 

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 uncommon (Klauber 
192.4). Bogert (1930) was aware of only two 
records for Los Angeles County. Klauber (1946) 
observed that Arizo,ia elegans occide11talis 
existed in lower densities, relative to the total 
snake population, than either A. e. ca11dida or 
A. e. eburnala, and that A. e. occide11/aUs was 
patchily distributed. Pitfall trapping data col-

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. 
comm.). Presently, the subspecies is found less 
commonly than it onc.e was throughout the San 
Diego region (Case and Fisher 2.001, Lemm 
2006 ). 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 ofThm,t 

The greatest threat to this subspe<:ies is habitat 
modification due to agricultural, commercial, 
and residential development. However, the spe­
cific mechanisms that cause declines are not well 
understood. Abundant prey and small habitat 
blocks that appear suitable remain in some 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' response lo wildfire is not well 
understood, but increasing frequency and inten­
sity of wildfires due to climate change may plau­
sibly lead to habitat modification that impacts 
this taxon. The projected changes in wildfire 
regime in this area are mixed (PRBO 2011), so 

the degree of this threat is still unknown. Wild­
fires that are small in scale and intensity may 
have a beneficial impact by temporarily clearing 
patches of chaparral habitat, which then recover 
over a period of a few years, creating the patch­
work of open and densely vegetated habitat that 
this species appear to prefer. Large and intense 
wildfires, conversely, kill chaparral and convert 
large habitat patches to grassland for longer peri­
ods of time. This process would likely have a det­
rimental impact on this species. 

Stat11s Determination 

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



coupled with documented declines within this 
species range and projected impacts from 
ongoing development, contribute to a Priority 1 

designation for this subspecies. 

Management Recommendations 

Habitat protection is currently the most impor• 
tant management priority for Arizona elegan.s 
occide,italis. The studies outlined below will 
help to characterize habitat usage, home range 
size. distribution, and abundance. Once these 
data become available, a more specific manage­
ment program can be developed that targets 
specific remaining populations and protects 
appropriately sized habitat blocks for the spe• 
des' home range size and movement patterns. 

Monitoring, Research, and Sun•ey 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 subspecies. 
\Vithout 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 can be obtained. individually marking 
snakes for mark-recapture population size esti­
mates should also be performed. Radioteleme­
try studies may be a fruitful means for deter­
mining home range size and more thoroughly 
characterizing habitat usage, particularly given 
the indications that this species might have 
specific microhabitat preferences. Second, a 
species-wide phylogeographic study should be 
performed in order to elucidate intraspecific 
variation and identify appropriate units for con• 
servation. Phylogenetic and phylogeographic 
studies of other wide-ranging snakes have fre­
quently led to changes in the understanding of 
species boundaries and diversity, including the 
genetic diversity that exists within a species and 
its concordance with morphological subspecies 
boundaries. Finer-scale landscape ecological 
studies. particularly in ooncert 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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RED DIAMOND RATTLESNAKE 

Croialus mber Cope 1892 

Status Summary 

Crota!us ruber is a Priority J Species of Special 
Concern, receiving a Total Score/Total Possible 
of 44% (48/110). During the previous evalua­
tion, it was also considered a Species of Spedal 
Concern (Jennings and Hayes r994a). 

Identification 

Crotalus rul,er is a large (165 cm TL), h.eavy• 
bodied, tan, brick-red, reddish- or pinkish-brown 
rattlesnake (Stebbins 2003). As is typical of pit 
vipers, C. ruher has a large triangular head, a thin 
neck. and a heat-sensing pit on each side of the 
head between the eyes and nostrils. An average 
of 35 light-edged or indistinct diamonds run 
down the back (Ernst and Ernst 2003). The tail is 
ringed with alternating bands ofblack and white 
or gray, ending in a rattle. Two light stripes occur 
on the sides of the head. and the venter is light 
colored and unmarked (Ernst and Ernst 2003). 

The dorsal body scales are keeled. 
Neonates of C. ruber are similar in appear­

ance to the western diamond-backed rattle• 

260 SHAKES 

snake (C. atrox). Adults can be distinguished 
by coloration and behavior. with C. ruber much 
redder and less aggressive than C. atrox. In 
California, the ranges of these two species 
barely meet (Stebbins 2003). 

Ranking Criteria (Maximum Score) Score 

i. Range size (1(1) 10 

ii. Distribution trend (Z5) 15 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10} 0 

v. Ecological tolerance (10) 3 

vi. Population trend (2S} 10 

vii. Vulnerability to climate change {10) 3 

viii. Projected impacts (10} 7 

Total Score 48 

Total Possible 110 

Total Score/Total Possible 0.44 
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Taxonomic Relationships 

Based on analyses of moiphology and mito• 
chondrial DNA. Murphy et al. (1995} proposed 
synonymizing Crotalus ml,er with an island 
species, the Cedros Island diamond rattlesnake 
(C. exsul Garman 1884). Because C. exsul was 
named first, Murphy et al. (t995) suggested 
changing the name of C. ruber. However. this 
has been opposed in favor of stability of the 
nomenclature (Smith et al. r998, ICZN 2.000). 

Here, we use C. ruber to refer to all California 
animals. 

Life Historv 
Crotalus ruber is generally most active between 
March and June (Ernst and Ernst 2003). In one 
study from Satt Diego County, snakes typically 
emerged from overwintering locations in late 
February, but some individuals were inactive 
until mid-April (Brown et al. 2008). Most 
movement occurred in !ate spring and sum­
mer, dens were populated in November, and no 
movement was recorded in December or Janu• 
ary (Brown et al. 2008). In Riverside County, 
desert animals were active from early March to 
late November (Greenberg 2002). 

During the cold winter months, C. rnber 

spends most of its time underground in dens 
located in rock crevices, animal burrows, or 
under shrubs or cacti. Several individuals may 
aggregate in these dens, but denning behavior 
is variable across sites {Klauber 1956, Ernst and 
Ernst 2003). In one study in San Diego County, 
7 out of u radio-tracked snakes overwintered in 
communal dens located in rock crevices of 
granite boulders with up to 7 other individuals 
(Brown et al. 2008). Most snakes reused den 
sites over 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 (Opuntia sp.), did not show con­
sistent site fidelity to overwintering sites, and 
moved farther from overwintering sites after 
emergence (Greenberg 2002, Dugan et al. 
2008). 

2.62, SNAUS 

Home range area is also variable in this spe• 
des, and male home ranges are larger than 
those of females (Tracey zooo, Greenberg 
200.2, Brown et al. 2008). The few available 
radiotelemetry studies suggest that home 
ranges may be larger in the desert than in 
coastal habitats. In a reserve in San Diego 
County, average home range sizes were 2.8 ha 
for males {n = 5) and 0.9 ha for females (n = 6; 
Brown et al. 2008). At another relatively coastal 
site in Chino Hills State Park in southwestern 
San Bernardino County, Dugan et al. (:1.008) 

found that ma le home range size varied from 
0.3 tc, 4.5 ha (n = 7). In contrast, average home 
range sizes for desert animals from Riverside 
County were 25.7 ha for males (n - 5) and 5.9 ha 
for females (n = 4; Greenberg and Mcclintock 
2008). 

Courtship and mating have been observed 
in the field in California from February to May 
(Brown et al. 2008, Dugan et al. 2008). ln San 
Diego County, Brown et al. (2008) witnessed 
females mating from April to May (sometimes 
with den mates), and births occurred in Sep­
tember. Goldberg (1999) examined the repro­
ductive condition of 43 specimens, 41 of which 
were from desert habitat in Riverside County 
and 2 from coastal Orange County. Reproduc­
tively active males were observed in August 
(Goldberg 1999). Although specimens were 
unavailable from later in the year, Goldberg 
(1999) speculated that sperm production con­
tinued through the early fall. Sperm was found 
in the vas deferens for all animals (collected 
February through August). suggesting the use 
of sperm stored overwinte1 for spring mating 
(Goldberg 1999). Females contained enlarged 
ovarian follicles (>10 mm) from March through 
September. Females may reproduce every other 
year, given that only 7 of 15 females showed evi­
dence of reproductive activity (Goldberg r999). 

An average of eight young (range 3-2.0, n = 
40; Klauber 1956) are live-born after a gestation 
period of 141-173 days (11 = 3. data from captive 
animals; Klauber 1956}. Goldberg (1999) esti· 
mated similar average litter sizes from counts 
of enlarged ovarian follicles (range 4-8, mean 



6.3. n = 7}. Klauber (1956) examined 2.49 speci­
mens from San Diego County to estimate 
growth curves and found that young are 30 cm 
TL at birth on average and roughly double in 
length during their first year. Estimates for size 
at reproductive maturity range from 60 to 75 
cm TL (Klauber 1956, Wright and Wright 1957, 
Goldberg 1999). 

Crolalus ruher mostly feeds on small mam­
mals but will also eat lizards, birds, and other 

snakes (Tevis 1943, Klauber 1956, Cunning· 
ham 1959b, Patten and Banta 1980). Dugan 
and Hayes (2012} compiled range-wide dietary 
data from museum specimens, live animals, 
road kills, existing literature, and other obser• 
vations. Roughly 92% of all prey items were 
mammals. with lizards {8%) and birds (1%} 
taken less frequently. Prey items were found in 
snakes collected year-round. suggesting that C. 
rttber occasionatly feeds during the winter 
(Dugan and Hayes 2012). 

Habitat Requirements 

Crotalus n1ber occurs in several habitat types, 
including coastal sage scrub, chamise 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 (1956) noted that 44% (30/68) of ani­
mals were found near heavy shrub and chapar­
ral, and 2.1% (14/68} were found near roe.ks and 
boulders in road surveys. On a reserve in San 
Diego County, snakes were found in assoda• 
tion with rock outcrops 57% of the time and in 
shrubby vegetated habitats without rocks z8% 
of the time (Brown et al. 2008}. There are sev­
eral accounts of C. ruber c.limbing in bushes 
and trees up to 2, m off the ground (Klauber 
1956 and pers. comm. therein) and C. ruber has 
also been observed swimming in reservoirs 
{Klauber 1956). 

In one radio-tracking study from San Diego 
County, habitat use was nonrandom with 
respect to available vegetation. Snakes preferred 
scrub vegetation less than 1.5 m tall and avoided 
human development (Tracey 2000). For :mi-

mals that were radio-tracked in fragmented 
habitats, none were observed to cross a <level• 
oped edge or road over a 2-year period. For 
example, one adult male in a naturally vege• 
lated 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. 2005). 

Dugan et al. (2008) radio-tracked adult 
males at a site that lacked large rocks but had 
cactus. coastal sage scrub. nonnative grassland, 
riparian areas, and oak woodland habitats. The 
preferred habitat was cactus patches of prickly 
pear (Opuntia sp.) followed by chaparral. and 
none of the tracked snakes used oak woodland. 
Several individuals spent most of their time 
within a single cactus patch during the year 
(Dugan et al. 2.008). 

Distribution (Past and Present) 

Crotalus ruber has a small range in California, 
occupying the southwestern corner of the state. 
It occurs in southeastern Los Angeles and 
Orange Counties, the Mo10ngo area of south­
western San Bernardino County, western Riv­
erside County, San Diego County, and extreme 
southwestern Imperial County (Klauber 1956). 
Crotalus ruber occurs in areas with rainfall 
ranging from 8 to 80 cm/year. usually in areas 
below 12.00 min elevation (Klauber 1956). The 
geographic range of C. ruber extends out onto 
the desert floor from the eastern slope of the 
Peninsular Ranges (Klauber 1956). Outside of 
California its range extends south through Baja 
California and several nearshore islands (Klau• 
ber 1956). 

Much of the range in California is in close 
proximity to areas of high human density. Jen­
nings and Hayes (1994a) estimated that C. 
rubtr was extirpated from roughly 2.0% of his­
torical sites and attributed extirpations to habi­
tat loss from urbanization and agriculture. 
Coastal populations are the most reduceil, par• 
ticularly in southern San Diego County (S. 
Barry, pers. comm.). Case and Fisher (2001) 
conducted pitfall trapping surveys in southern 
California and did not capture or observe 
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animals at several localities where Klauber 
(1939 and unpublished data) had previously 
noted them as common. Halama et al. (2,008) 

noted that many native habitat localities where 
snakes were collected in the 1990s in western 
Riverside County have now been developed. 

Trends in Abundance 

While population estimates are not available, 
population declines are suspected due to habi­
tat loss and fragmentation. Current declines of 
existing populations may be occurring particu• 
larly in the Morongo Valley in the northern end 
of the range due to development (S. Barry, pers. 
comm.). In one San Diego County site, mini­
mum density was estimated as 0.63 Crotahu 
rube:r pet hectare, although the actual density 
was likely higher (41 individuals observed hap­
hazardly in a 65 ha area over -5 years; Brown 
et al. 2008). 

Nature and Degree ofThrea: 

Crotalus ruber is mainly threatened by develop• 
ment, which causes habitat loss and fragmenta­
tion. This species may also suffer from perse• 
cution and road mortality. Climate change may 
affect C. ruber through changes in fire regime 
and vegetation shifts. However, both increases 
and decreases in fire have been predicted, and 
there is little consensus because of the diffi­
culty in modeling Santa Ana weather events in 
southern California {Westerling et al. 2004, 

Westerling and Bryant 2.008). How C. ruber 
may respond to changes in fire regime is 
unknown. Climate change is predicted to 
decrease the availability of chaparral and shrub­
land by up to 44%. while grassland is predicted 
to increase by up to 390% in southern Califor. 
nia {Lenihan et al. 2008, PRBO 2011). Though 
C. ruber has been documented in grassy areas, 
large losses in shrub habitat may negatively 
affect this species. 

Status Determination 

Cre>talus ruber has a small range in California 
that includes areas of high human population 

density and development, resulting in a Prior• 
ity 3 Species of Special Concern designation. 

Management Rec:ommendations 

Remaining populations of Crotalus rubcr in 
California often occur in habitats that are frag­
mE.-nted by roads and urban development. Exist­
ing large habitat fragments should be identified 
and protected. For example, a proposed Habitat 
Conservation Plan for western Riverside 
County represents a 3.5-fold increase in the 
amount of snake habitat protected (Halama 
et al. 2008). However, Halama et al. (2008} 

estimated from habitat suitability models that 
roughly 100,000 ha of predicted highly suita­
ble habitat in the area would still be unpro­
tected and at risk of development. It may be 
possible to reduce road mortality with wildlife 
tunnels and associated drift fences installed 
beneath high-traffic roads. 

Moniioring. Restorch, and Survey Needs 

Additional research into Crotalus rnber ecology 
and population dynamics in developed and 
fragmented landscapes would be useful for 
developing management strategies, particularly 
with regard to maintaining connectivity among 
populations. Creating habitat buffers arnund 
large remaining fragments and habitat corri­
dors between fragments may help populations 
persist in these landscapes. but more research 
on habitat use and corridor placement is needed. 
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 
from management strategies like habitat corri­
dors {Tracey 2000). Current snake telemetry 
techniques that rely on surgically implanted 
transmitters have a lower size limit (e.g., ani­
mals needed to be >500 g in one study; Brown 
et al. 2008), making 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 role of hibernacula in population viability 



and movement patterns is also an important 
research need, particularly for juveniles. 

Monitoring is needed to estimate abun­
dances in addition to ongoing work on 
presence/absence to document local extirpa­
tions. Pitfall trapping has been used to success• 

fully document presern:e and absence of this 
species in southern California (e.g., Case and 
Fisher 2.001), and pitfall arrays that specifically 
compare habitats with different levels oflturnan 
disturb,mce would provide valuable monitoring 
information. 
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REGAL RING-NECKED SNAKE 

Diodophis punctatus regalis Baird and Girard 1 8,3a 

Status Summary 

Diadopliis punctatus regalis is a Species of Spe• 
cial Concern, although we refrain from assign• 
ing it a priority status at this time due to limited 
information. This taxon received a Total Score/ 
Total Possible of68% (27/40) and was not pre• 
viow;ly considered a Species of Special Concern 

(Jennings and Hayes 1994a). 

Identification 

Diadophis punctatus regalis is the largest of the 
ring-necked snakes, reaching up to 85.7 cm TL, 
while most subspecies are less than 50 cm TL 
(Ernst and Ernst 2003). A slender snake with 
smooth scales, D. p. regalis is light gray, olive 
gray, or olive above with orange or red ventral 
coloration. The venter is speckled with irregu­
lar black spots. An orange or red neckband is 
generally present behind the head, though it 

can be faint or absent in some populations of 
this subspecies, particularly in New Mexico 
and Utah { Ernst and Ernst 2003, Stebbins 
2003), Recent specimens from California and 

Nevada have lacked neck rings (Emmerich and 

Cunningham 2003, Wood and Richmond 
2003}. 

Reg4J Ring-Nuked Snal<e: Risk Focl<>rs 

Ranking Criteria (Maximum Score) 

i. Range size (10) 

ii. Distribution trend (25) 

iii. Population concentration/ 
migration (10) 

iv. Endemism (10) 

v. Ecological tolerance (10) 

vi. Population trend (2S) 

S<:ore 

10 

Data 
deficient 

Data 
deficient 

0 

10 

Data 
deficient 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) Data 
deficient 

Total Score 27 

Total Possible 40 

Total Score/Total Possible 0.68 
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Taxonomic Relationships 

Twelve subspecies of D. punctatus have tradi­
tionally been recognized, largely on the basis of 
morphology (Ernst and Ernst 2003). Diadophis 
punctatus regalis is one of seven subspecies that 
occur in California (Ernst and Ernst 2003). 

Recent molecular 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 (2006> sam­
pled mitochondrial DNA from 39 animals 
throughout the range of D. punclattis ht Califor­
nia. Diadophis pw1ctatus regalis was recovered 
as sister to a dade containing all other Califor­
nia samples, although only two D. p. regalfa 

individuals were included in the analysis {one 
from California and one from Arizona). Fonta• 
nella et al. (2008) conducted a more com pre• 
hensive phylogeographic analysis of D. p1mcta­
lus, 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. regaiis 
as a part of a Great Basin dade. Fontanella et al. 
( 2.oc,8) 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 markers. 

Life History 

Very little natural history information is available 
for Diadophis p1.mcl.il.us rtgtllis, 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 
other California D. put1ctatus populations based 
on their much larger size and unique restriction 
to desert spring habitats. Unless stated explicitly. 
life history information here is from other sub­
species of D. punctatus and caution should be 
used in generalizing to D. p. regaCis. 

Diacfopliis pu11ctatus is most active in the 
spring and early fall, and is primarily nocturnal 
(Ernst and Ernst 2.003}. Males aggregate for 

mating in the spring and fall (Noble and 
C)ausen 19}6, Dundee and Mille1 1968). 
Females a re thought to reproduce annually and 
may produce more than one clutch per year 
(Ernst and Ernst 2003). Oviposition occurs 
from May to September but is concentrated in 
June and July, and hatching occurs from July to 
September (Ernst and Ernst 2003). Clutches 
from multiple females may be laid together in 
communal nest sites (Blanchard 1942., Gilhen 
1970). Diadophis punctatuseggs are 16-44 mm 
long (mean 25 mm, n; 108) and hatchlings are 
7.6- 18.8 cm TL (mean 12-4 cm, n; r:i.o; Ernst 
and Ernst 2.003). Diadophis punctatus regaiis 
eggs and hatchlings are likely at the larger end 
of the spectrum. A field-collected 60 cm SVL 
female 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 
(1965) reported one female D. p. reg,iti.s carry­
ing 18 eggs. Estimates for size at maturity for 
D. punclatus range from 17.8 to 18 cm (Wright 
and Wright 1957, Myers 1965). but given that 
hatchling D. p. regalis can be this large, they 
likely mature at a larger size. Development 
times to maturity in D. punclatt~ can take 1-3 
years depending on locality (Fitch 1975, Degen­
hardt et al. r996). 

Diadophis pr.mctatus can often be found in 

aggregatiotts under .:over objects (Ernst and 
Ernst 2003), and some populations make 
spring and fall migrations to and from hiber­
nacula. Diado1,•his 1,•m1ctatus regalis from the 
Rocky Mountains in Utah at 1580 m elevation 
showed communal denning and repeated use 
of the same hibernacula in multiple years 
{Parker and Brown 1974). It is unknown 
whether California populations of D. p. regalis 
also show this behavior. Field-active body tern• 
peratures across several populations of D. p1mc­
tatus range from 2.o•c to 34.4°C (Clarke 1958, 
Brattstrom 1965, Fitch 1975, Mitchell 1994}. 

Diadophis punctatus regalis is a mildly ven• 
omous rear-fanged colubrid snake, using 
enlarged posterior teeth to deliver venom to 



prey such as snakes and lizards (Gehlbach 
1974, Anton 1994, Hill and Mackessy 2000, 

O'Donnell et al. 2.007). In addition to subduing 
prey. copious salivation has been observed as a 
defensive response in D. p. regalis (Blanchard 
1942). While D. punctatus is a generalized 
predator, southwestern populations, including 
D. p. regalis, have a diet composed of propor• 
tionately more reptiles (Gehlbach 1974} than 
other populations, which tend to consume a 
greater fraction of amphibians and earthworms 
(Ernst and Ernst 2003). 

Habitat Requirements 

In California. Diadophis p1mc:tatu.s regalis 
appears to be restricted to riparian areas sur­
rounding desert springs. Snakes have been 
found in Death Valley in Inyo County in heavy 
riparian 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 (Wood 
and Richmond 2003). 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 (P(lst and Pre-sent) 

In California. the documented range of Diado­
phis p1mctatus regulis 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 mountain ranges where this 
taxon occurs. Outside of California, the subspe• 
cies occurs in parts of Idaho. Utah. Nevada. 
Arizona, New Mexico, Texas, and Mexico {Ernst 
and Ernst 20031. The Great Basin lineage 
defined by Fontanella et al. (2008) ranges from 
southern New Mexico north to southern Idaho 
and between roughly the Sierra Nevada Moun­
tains in the west and the Guadalupe Mountains 
in the east. Much of the G1eat Basin clade is 

restricted to patches of suitable mesic environ­
ments surrounded by less hospitable xeric habi· 
tats (Fontanella et al. 2.008). 

Trends in Abut1dance 

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

Nature and Degree of Threat 

The small and patchy distribution of Diadophi.s 
punclatus regali$ in California makes it 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 overexploitation of groundwater 
resources. Because of their reliance on mesic 
habitats in an arid matrix, D. p. regalis may also 
be sensitive to climate changes that affect the 
timing and amount of precipitation. While 
there is a laige degree of uncertainty in how 
rainfall patterns will change within its range, 
most studies predict decreases in mean annual 
rainfall ofup 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 95th per­
centile is expected to increase by roughly JO 

days a year (Bell et al. 2.00-t)- If conditions 
become warmer and drier, this could negatively 
impact D. p. regatis habitat. 

Status Determination 

Diudophis p1mctatus regali.s 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 occurring 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 



continued existence of this species. Minimiz­
ing use of water from desert spring sites will 
help maintain habitat for Diadopnis ptinctat11s 

regalis. (t is difficult to make further manage­
ment recommendations given the lack of infor­
mation on this taxon's ecology in California or 

similar habitats. 

Moniioring, Research, and Survey Needs 

Given the inhospitable nature of habitat 
between occupied patches, long-distance dis­
persal events probably do not occur, and it is 
unlikely that populations in California are 
demographically connected. The extremely iso-

lated nature of most of their desert habitat and 
their relatively short surface activity period also 
make increased surveys an important priority 
for this taxott. Increased genetic sampling 
would help determine patterns of connectivity 
between fragmented southwestern popula­
tions, and we strongly encourage all field sur­
veys to take nonlethal tissue samples of any 
specimens that are encountered. Given that no 
population study has been conducted within 
California and the unique habitat requirements 
of the t3xon. additional work quantifying the 
basic ecology and life history of Diadophis punc­
latus regalis is badly needed. 



SAN JOAQUIN COACHWHIP 

Masticophis flageflum ruddock; 8rattstrom and Warren 1953 

Status Summary 

Mastiebphis flage!lum rwddccki is a Priority 2 

Species of Special Concern. receiving a Total 
Score/Total Possible of 53% (58/110). It was pre­
viously considered a Species of Special Concern 
(Jennings and Hayes t994a). 

Identification 

Ma5tiC<'pliisflageUum is a large (91-260 cm TL) 
slender colubrid snake with smooth scales and 
a large head and eyes (Stebbins 200:;). The spe• 
cies is distributed across the southern portion 
of the United States from Florida to California, 
with western subspecies tending to be smaller 
than eastern animals. Brattstrom and Warren 
(1953) reported that their largest specimen of 
M. f rnddocki was 170 cm Tl. Coloration is 
highly variable within M. JlagtUum. The sub­
species M.f. rnMccki has a tan. olive-brown, or 
yellowish-brown dorsal color and lacks the dark 
head and neckbands characteristic of other sub­
species. The ventral coloration is light tan or 
yellow, with a pink or orange cast under the tail 

(Jennings and Hayes 1994a, Stebbins 2003). 
The scales on the tail are often described 
as having a Mbraided" appearance (Stebbins 
2003). 

San Joaquin Coachwhip: Risk Factors 

Ranking Metric (Maximwn Score) Score 

i. Range size (10) s 
ii. Distribution trend (25) 20 

iii. Population concentration/ 0 
migration (10} 

iv. Endemism {10) 10 

v. Ecological tolerance {10) 3 

Yi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 7 

Total Score 58 

Total Possible 110 

Total Score/Total Possible 0.53 
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Taxonomic Relationships 

Brattstrom and Warren (1953) described Mast­

iccphis flagellum ruddocki as a subspecies based 
on morphological characters including dorsal 
coloration, the lack of dark neckbands, and a 
relatively low number of subcaudal scales. 
Analysis of mitochondrial DNA from Califor­
nia populations supported the uniqueness of 
M. f ruddocki, corroborating the morphological 
data (Mitrovich 2006). 

Life History 

Very little is known about the life history of 
Masticophis flagdlum ruddocki. In general, M. 
flagellum is an extremely active diurnal snake 
that prefers warm temperatures (Brattstrom 
1965, Hammerson 1977). Home r<1ngesaresus­

pected to be large, but no movement data are 
available for this subspecies (R. Hansen. pers. 
comm. in Jennings and Hayes 1994a). Prefer­
ence for warm temperatures results in late­
season emergence (April-May), and daily :mr­
face activity corresponds to the warmest parts of 
the day (Hammerson 1977}. Data from red 
coachwhips (M.f piccus) in the Mojave Desert 
found body temperatures as low as I3.9•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 1994a). 
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.f mddocki is presuma­
bly generalized on vertebrates, including large 
prey like antelope squirrels (Ammosptrmophilus 
ndsoni), blunt-nosed leopard lizards (Gambelia 
sila), and whiptails (Aspidoscelis tigris) (Monta• 
nucci t965, Tollestrup 1979: S. Barry, pers. 
comm.: R. Hansen. pers. comm.; S. Sweet, 
pers. comm. in Jennings and Hayes I994a). 

Habitat Requirements 

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

scrub habitats are used in the western San 
Joaquin Valley (Montanucci t965, Banta and 
Morafka 1968. Tollestrup 1979, Sullivan 1981: 

pers. obs. in Jennings and Hayes I994a). 

Spring road cruising surveys from r972 to 1979 

in eastern Alameda and western San Joaquin 
Counties found M.f ruddccfd in grassland and 
transitional habitat bul not in mixed oak 
chaparral woodland (Sullivan 1981}. Mastico• 
pl1is .flagellum ruddocki will climb into bushes, 
apparently to scan for predators and prey or to 
seek cover (Cunningham 195>• Stebbins 2003). 
Mammal burrows are used for overwintering 
and possibly also for oviposition (Jennings and 
Hayes 1994a). 

Distributicn (Po$S and Present) 

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

Much of this subspecies' historic range has 
undergone dramatic land use changes from 

grassland to intensive agriculture in the Cen­
tral Valley. Masticophis flagellum ruddocki is 
thought to be sensitive to disturbance and does 
not persist in cultivated areas (Ernst and Ernst 
2003; S. Barry, pers. comm.). It has therefore 
suffered a severe range contraction in its Cen­
tral Valley range. 

Trends in Abundance 

Though neither historical nor current abun• 
dance estimales 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 cf Threat 

Habitat loss and fragmentation due to agricul• 
ture and urbanization are the major threats to 

SA'1 JOAQUIN COACHWHIP Z7} 



Mnsticophis flagellum ruddocki. As with other 
diurnally active, highly mobile snakes, road 
mortality is probably a significant source of 
mortality, although its overall impact requires 
more study. The greatest potential threats from 
climate change are due to changes in fire 
regime. In the more coastal parts of the range, 
the area burned is expected lo increase by up to 
50% (Fried et al. 2004. Lenihan et al. 2008). 

and the probability of large (>200 ha) fires is 
predicted to increase (Westerling and Bryant 
2008). Modest decreases in the probability of 
large wildfires are expected in the San Joaquin 
Valley. How M. f ruddocki may respond to 
increased fire needs more study. Fire may have 
direct mortality effects on snakes and negative 
effects on prey populations but may also benefit 
M.J ruddocki by increasing or maintaining the 
availability of open habitat. Under climate 
change projections, grassland habitat is 
expected to increase by up to 140% in the 
coastal part of the range, with little change in 
vegetation expected in the Central Valley (Leni• 
han et al. 2008, PRBO 20n), These vegetation 
shifts may result in additional potential habitat 
for M.f ruddocki. 

Status Determination 

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

Management Recommendations 

The lack of basic ecological information on this 
subspecies needs to be addressed before any 
meaningful management 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 biology, movement ecology, popu­
lation sizes. and fragmentation is key priority 
for future work. Some large habitat fragments 
are currently protected from some kinds of 
human disturbance (e.g .. the Carrizo Plain 
National Monument) and provide suitable areas 
to begin studying basic ecology and habitat 
requirements in this taxon. 



BAJA CALIFORNIA COACHWHIP 

Masticophis fuliginosus (Cope 1895a) 

Status Summary 

Maslicophis f uJiginosus is a Priority 3 Species 
of Special Concern, receiving a Total Score/ 
Total Possible of 45% (50/110). This species 
has not previously been considered a Species 
of Special Concern (Jennings and Hayes 
1994a). 

Identification 

Masticophis fuUginosus is a large slender colu• 
brid snake with smooth scales, reaching up to 
170 cm in TL (Grismer 2002). Two color phases 
exist in the species, a light morph and a dark 
morph. The light morph is yellowish, tan, or 
gray above with dark zigzagging bands on the 
body and dark neckbands. The dark morph has 
a dark gray brown, golden brown, or black dor­
sal ground color, and sometimes has distin­
guishable dark neckbands (Wilson 1971, Gris• 
mer 2002). Dark morph animals ..:an be 
uniformly dark above, or the scales on the sides 
of the body can have pa.le edges, giving the 
appearance of narrow lines (Wilson 1971). The 

venter is light colored with brown spots (Wilson 
1971, Grismer 1.002). 

Masticophis f uligi11osus can be distinguished 
from oongeneric southern California snakes by 
geographic range, as there is little overlap with 

Baja California Coackwkip: Risk factors 

Ranking Criteria (Maximum Score) Score 

i. Range siz.e (lO) 10 

ii. Distribution trend (2>) 20 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 0 

vi. Popula.tion trend (25) 10 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 7 

Total Score 50 

Total Possible 110 

Total Score/Total Possible 0.45 
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other species, :md by color. Masticophis flagel­
lum piceus is reddish to pinkish above. with 
dark bands at the neck. California whipsnakes 
(M. lateralis) have a conspicuous light stripe on 
either side. Racers ( Coluber constrictor) are pale 
green or dark above (brown, olive, or bluish) but 
have unmarked white to yellow ventral surfaces 
(Stebbins 2003). 

Taxonomic Relationships 

We follow Grismer's (2002) proposal that Mas­
ticophis fuliginosus is a full species, rather than 
a subsp&ies of M.flagellum. This arrangement 
is based on a lack of intergradation witlt neigh· 
boring M. f. piceus {Wilson 1971. Glismer 
1994). Analysis of a single mitochondrial DNA 
gene from 2:2.9 M. flagellum individuals (includ­
ing 30 M. fuhginosus) from 30 localities in 
southern California supported the genetic dis­
tinctiveness of M. futiginoms (Mitrovich 2006). 
However, 4 out of 30 snakes identified in the 
field as M. fuliginosus had mitochondrial DNA 
sequences that were most closely related to M. f 
picms {Mitrovich 2.006). This could be due to 
hybridization or incorrect identification in the 
field. as the study was conducted on tissues 
without vouche1 specimens. Further resolution 
of this problem with multiple nucleilr DNA 
markers would likely help to clarify the taxo­
nomic status of this species. 

Life History 

Very little is known about the life hi!!tory of 
Masticophis fuligi11osus in California. In gen­
eral, Masticophis are extremely active diurnal 
snakes that prefer warm temperatures 
(Brattstrom c965, Hammerson 1977). In south· 
em 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 200:i.). Activity 
in Sa11 Diego was observed to be greatest in 
spring and summer and greatly reduced in the 
fall (Mitrovich et al. 2009). Mating has been 
observed in northern Baja California in late 
April, and hatch lings have been seen in early 
August (Grismer :aooz). 

Radiotelemetry of 24 snakes in two reserves 
in San Diego County found la1ge variation in 
home range size. from roughly II to 130 ha 
(Mitrovkh 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. jlagelliim, is 
broad and includes a variety of vertebrate prey 
such as lizards, snakes, birds, and mammals 
(Cliff 1954, Grismer :1.002). 

Habi:at Requirement$ 

Masticopliis fuligi11osus is a habitat generalist 
throughout Baja California. Mexico, and is 
common in marshlands, coastal sand dunes, 
rocky arroyos and hillsides. thorn forests. sandy 
flats, and scrub vegetation (Linsdale 1932,. Cliff 
1954. Leviton and Banta 1964. Bostic 1971, 
Welsh 1988, Grismer 2002). In California, M. 
fuliginosus occurs mainly in coastal sand dunes, 
shrubland, and grassland, and is most com­
monly observed foraging in bushes and shrubs 
(Unsdale 1932.. Bostic 1971. Welsh 1988. Gris• 
mer 2002). Hollow stumps of plants such as 
agilve and yucca are used as retreats ( Bostic 
1971. Grismer 2002). 

Distribution (Part ,md Present) 

Masticophis f uiiginosus has a very small geo­
graphic range in California, occurring 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 
2,002). 

A resurvey of Klauber·s (1939) sites in 
southern California found that M. fuliginosus 
was absent from some previously occupied sites 
(Fisher and Case 2.000. Case and Fisher 2.001; 

R. Fisher. pers. comm.). suggesting that the 
species has declined in the last seven decades. 
However, the full extent oflocal extirpations is 
unknown. 
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Trends in Ab1md11nce 

While data on abundance across the range are 
not available, some reductions in abundance 
are likely to have occurred due to development, 
road mortality, and fragmentation. This species 
may be particularly prone to death from auto• 
mobiles given its large home range size and 
high level of diurnal activity (Mltrovich et al. 
2009). 

Nature and Degree of Tkreat 

Masticophis f uliginosus in California are mainly 
threatened by habitat loss, fragmentation, and 
road mortality due to development, as well as 

the inhere1tt demographic threats associated 
with a very small geographic range. Climate 
change may affect M. fvJigi1tOsus 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 th£'. difficulty in modeling Santa 
Ana weather events in southern California 
(Westerling et al. 2004, Westerling and Bryant 
2008). How M. fuliginosus may respond to 
changes in fire regime is unknown. Climate 
change is predicted to decrease the availability 
of chaparral and shrubland by up to 44%. while 
grassland is predicted to increase by up to 
390% in southern California (Lenihan et al. 
2008, PRBO .2.ou). Though M.fiiliginou.s 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 occu1s in 
California. making it more susceptible to 
decline than ii otherwise would be. 

Siatus Determination 

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

Management Recommendations 

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

Monitoring, Research, and Survey Need5 

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



COAST PATCH-NOSED SNAKE 

Solvodora hexafepis virgulteo Bogert 1935 

Stotus Sumrnory 

Salvodom hexalepis virgultea is a Priority z Spe• 
des of Special Concern, receiving a Total Score/ 
Total Possible of 54% (46/85). During the pre­
vious evaluation, it was also designated as a 
Species of Special Concern (Jennings and 

Hayes 1994a). 

(dentifi.:otion 

Salvodora hcxalepis vi,gultca is a medium-sized 
(to n5 cm TL) snake, with an enlarged rostral 
scale, large eyes, and a light middorsal stripe 
1.5-:2 scale rows in width (Jennings and Hayes 
1994a, Stebbins 2003). The dorsal stripe is yel­
lowish to grayish and eKtends from the tail to the 
rear of the neck region (Bogert 1935, Stebbins 
2003). The sides of the body are dark brown, and 
the head is olive or brown (Bogert 1935. Perkins 
1938). Ventzal coloration is generally a dull 
white, often with an orange wash that is more 
prominent toward the underside of the tail ( Steb, 

bins 2003, Lemm :2006). Usually only a single 
supralabial contacts the eye (Bogert 1935). 

The presence of both a conspicuously 
enlarged rostral scale and a middorsal stripe 
easily differentiate this species from all other 
snakes within its range. Along the eastern edge 

Coast Patch-Nosed Snak Risk Foclors 

Ranking Criteria !Maximum Score) Score 

i. Range size (10) 

ii. Distribution trend (25) 

iii. Population concentration/ 
migration (10) 

iv. Endemism (10) 

v. Ecological tolerance (10) 

s 
15 

0 

3 

3 

vi. Population trend (25) Data 
deficient 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10) 10 

Total Soore 46 

Total Possible 85 

Total Score/Total Possible 0.54 
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of its range, S. h. virguliea is parapatric with the 
Mojave patch-nosed snake (S. /1. mojavensis) 
and the desert patch-nosed snake {S. h. hexa­
lepis), and it intergrades with both {Bogert 
r945). ln S. Ii. moja11e,1sis. the supra labials usu­
ally do not reach the eye. and the dark lateral 
coloration is sometimes less pronounced and 
may be somewhat discontinuous. Salvadora 
hexalepis hexalepis usually has one supralabial 
reaching the eye but has a wider dorsal stripe 
(usua1ly three scale rows wide) than S. h. vir­

g1tltea. The spotted leafnosed snake (Phyllo­
rhynchus decurtatus) occurs along the eastern 
edge of $. /1. virg1iltea's range and also has an 
enlarged rostral scale. This species differs in 
having a light-brown spotted pattern on the 
dorsal surface and attaining much smaller 
adult sizes (to 51 cm TL) {Stebbins 2003). 

Taxonomic Relationships 

Sah,adora hexalepis virg,dtea was first recog­
nized primarily on the basis of coloration. 
although some scabtion characters also differ­
entiate it from other subspecies of the $. liexa­
lepis complex (Bogert 1935, Bogert r945). 
Genetic analysis of differentiation among the 
subspecies has not been undertaken and repre• 
sents a clear need for future research. The 
placement of Salvadora within the colubrine 
phylogeny is also uncertain and requires 
clarification. 

Life History 

Salvadoro hexaltpis virgultta is a medium-sized, 
active, diurnal snake, yet remains exceedingly 
poorly known. Here, we use information from 
California populations where we can, but 
largely rely on information from parts of the 
range outside of California as well as from 
other species and subspecies within Salvadora 
and assume that many aspects of the life his• 
tory are similar 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. (S. Sweet, pers. 
comm.}. Individuals found in December and 
January in gopher burrows and woodrat nests 
were cold and presumably dormant (S. 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 (1995-2011) USGS pit­
fall trap data have documented captures in 
January (three records) and February {one 
record; C. Rochester, unpublished data). Breed• 
ing has been observed in late April, with hatch• 
lings appeari1tg between mid-July and October 
(Klauber 1931, Grismer 2002), perhaps indicat­
ing that multiple clutches may be laid in a sin­
gle year. Other members of the genus are ovipa­
rous, and we expect that S. h. virg1il1ea is as 
well, although eggs have never been described 
(Wright and Wright 1957). 

SaJvadora primarily eats lizards and proba­
bly specializes on whiptails (Aspidoscelis spp.) 
(Cunningham r959b. Grismer 2002, Lemm 
2,006). The diet of S. h. virgultea has not been 
described, but other membe1s 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 Aspidosulis tends to do {Bogert 1939). Sev• 
era I 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 possibly a 
specialization for feeding on lizard eggs {Gris­
mer 2.002., Lemm 2006}. although this behav­
ior has never been described in S. h. virgullea. 
Salvadora species have enlarged rear teeth, sug­
gesting that they may envenomate prey. The 
saliva of Salvadora has not been studied, though 
Grismer (2.002.) observed an A. tigris that died 
soon after being bitten by a Baja California 
patch-nosed snake (S. b. klaulu:ri). 

The movement ecology of S. h. virgultca is 
unknown. Like other members of the genus. it 
is a fast and active species that is probably active 
at higher temperatures than most other diurnal 
colubrids (Jacobson and Whitford 1971). The 
species readily climbs and has been found 
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foraging in brush, off the ground (Grinnell and 
Grinnell r907, Lemm 2006; S. Sweet. pers. 
comm.). The species probably ranges widely, as 
do 01her large diurnal colubrids. 

Habitat Requirements 

Salvadora hexalepis virgultea shows an apparent 
preference for brushy chaparral habitat (Bogert 

1935. Grismer 2002). Klauber (1939) located 35 
specimens in "Heavy brush. Chapanal" habitat, 
which was more than the number found in all 
other habitat types combined. In Baja Califor­
nia, they are also often seen in riparian areas in 
the vicinity ofTecate (Grismer 2.002). In Cali• 
fornia unpublished data suggest that' this spe• 
des has a preference for chamise and red shank 
and often basks at or near the tops of bushes (S. 

Sweet. pers. comm.). Schoenherr {1976) noted 
that this taxon was widespread but uncommon 
on the Pacific slope of the San Gabriel Moun• 
ta ins and that it may prefer coastal sage scrub to 
chaparral. at Least in this area. He recorded a 
sighting at 830 m elevation, the highest site for 
coastal sage scrub habitat in the San Gabriels. 
At two bum sites in southern California, brush 
was reduced, Aspidom:lis numbers increased, 
and S. h. virgultea numbers remained stable or 
increased {C. Rochester. pers. comm.). suggest• 
ing that prey abundance may be at least as 
important as vegetation per se. If the species is 
a wide-ranging predator, it may be susceptible 
to habitat fragmentation. Because a large com­
ponent of its diet probably consists of Aspidos­
ceiis species. S. h. virgultea may be susceptible to 
decline in areas where Aspidoscelis are declin• 
ing. The two species found within its range. the 
orange-throated whiptail (A. hypeq,thra) and 
the coastal whiptail (Aspid<iscelis tigris stejtieg­
eri), are both under threat. Aspidoscelis hyper­
ythra is a Watch List species, while A. t. stejneg• 
eri is a P1iority 3 Species of Special Con<:ern 
(see accounts, this volume). 

Distribution (Past and Present) 

The historical distribution ranges from Ven­
tura and Los Angeles Counties south to the 
United States-Mexico border and south to the 

vicinity of El Rosario, Baja California, Mexico. 
It ranges from sea level along the coast up to 
2.130 m (f ennings and Hayes 1994a, 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 t935}. 

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 r994a; R. Fisher, pers. comm.). Survey 
data are available from Torrey Pines State rark 
where this species was formerly present. It has 
no1 been rt--documented there despite intensive 
trapping efforts (Wells r998}. 

Trends in Abundance 

No historical or current abundance data exist 
for this taxon, and anecdotal reports are rare 
and inconclusive. Records in southern Califor­
nia are infrequent {Lemm 2006). although this 
taxon may be more commonly encountered in 
riparirn areas south of the United States­
Mexico border (Grismer 2002}. The species 
may have historically been rare in California. 
Klauber (192.4) reported only two specimens 
despite intensive collecting efforts spanning 
2 years and stated that "it seems Ix> be uncom­
mon." Bogert (1930) also noted that it was 
"uncommon in the chaparral." uses pitfall 
data for San Diego, Orange, and Los Angeles 
Counties collected between 1995 and .2ou indi­
cate that 2.6% of snake captures were Sal~·adora 
hexatepis virgtdtea {123 captures out of 4680 
total snake captures), compared to 3.8% 
(61/1601) of captures for daytime road driving 
records for snakes recorded by Klauber (r9J9). 
These data confirm that this taxon is relatively 
uncommon and may suggest a moderate 
decline over the last 60 years. 

Noture and Degree of Threat 

The declines in Salvadora hexa!epis virgultea are 
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 blocks of chaparral habitat to 
grassland (R. Fisher, pers. comm.), which 
appears to be unsuitable for this species (Jen­
nings and Hayes 1994a; S. Sweet, pers. comm.). 
Climate change may exacerbate the intensity of 
wildfires in southern California {Cayan et'al. 
2.008b}. although current models range from a 
2.9% decrease to a 28% increase in wildfires in 
the region (PRBO .2.on). However. climate 
models for 2070 project an estimated 38-44% 
decrease in the chaparral/coastal scrub habitat 
preferred by this species. Ongoing urbaniza­
tion in the populated areas within this taxon·s 
range is also destroying, degrading, and frag­
menting large areas of remaining habitat. Sal­
vadora /iexakpis virgultecls probable preferred 
prey, Aspidoscelis lizards, are also in decline, 
which could cause cascading declines in snake 
populations. Fittally, diurnally active widely for­
aging snakes are particularly affected by road 
mortality, and the volume of vehicular traffic in 
much of its range is large and increasing. 

Status Determination 

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

Management Recommendations 

The primary management goal for Salvadore 
liexalepis virgultea should be to protect large. 
intact patches of brushy chaparral and/or 
coastal sage scrub habitat that support this 
snake. ldeally, 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 efforts 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 lcey element of effective management is 
to maintain large. healthy populations of Aspi• 
doscelis lryperythm and Aspidoscelis tigris slej11eg­
eri, since they appear to form the primary prey 
base of this snake. As declines in those species 
are also linked to habitat loss, management 
efforts among these species should be 
coordinated. 

Mo11itoring, Reseorc/1, and Survey Needs 

Much remains to be learned about the life his­
tory and ecology of Salva,-tora kexatepis virgtiltea 
in California. Surveys employing pitfall traps, 
snake traps. and daytime surveys should be 
undertaken to establish baseline abundance 
data in remaining populations, and to ascertain 
whether these or other survey methods are 
potentially biased for this species. as has been 
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 rese.uch focusing specifically 
on diet requirements, habitat utilization, and 
their interaction are badly needed, and the lack 
of this basic knowledge undermines our ability 
to effectively manage this snake. Specifically, 
the extent to which this taxon specializes on 
Aspidoscelis. 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 some anecdotal obser­
vations suggest that they may vary across the 
species' range. These data are necessary to 
determine what habitat blocks are most impor• 
tant and how large they should be to effectively 
conserve this taxon. 

Variation within the S. lie.x,ikpis complex 
has not been examined since the initial species 
description, and a genetic analysis has never 
been undertaken. A three-pronged genetic 
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analysis is critical. First, a systematic charac­
terization of the Salvadora species complex 
should be undertaken utilizing multiple inde­
pendent nuclear markers. This will serve to 
clarify the reality of species and subspecies as 
valid evolutionary units and confirm their 
respe<:tive boundaries and range limits. Sec­
ond, a phyloge-0graphic study, using many inde­
pendent markers, within S. h. virgullea is 

needed to identify large-scale management 
units within the taxon. Finally, landscape 
genetic studies that identify migration corridors 
between fragmented blocks of habitat will 
inform our understanding of movement ecol• 
ogy in this species. These would also provide an 
estimate of effective population sizes, augment­
ing ecological studies of census population 
sizes in protected and unprotected areas. 



TWO-STRIPED CARTER SNAKE 

Tl1amnophis hammondii (Kennicott ,860) 

Status Summary 

Thamnophis hammondii is a Priority 2 Species 
of Special Concern, receiving a Total Score/ 
Total Possible of 57% (63/no). During the pre­
vious evaluation, it was also considered a Spe­
cies of Special Concern (Jennings and Hayes 
1994a). 

ldenii.ficaiion 

Tliamnopliis htnnmotidii is a medium-sized 
snake (102 cm TL) with keeled scales and a 
head slightly wider than its body (Stebbins 
2003). lt is called the two-striped garter snake 
because it lacks the longitudinal middorsal 
stripe that typifies many garter snakes. The 
middorsal stripe is either entirely absent or rep­
resented only by a nuchal spot at the base of the 
head (Fitch 1948, Stebbins 1985). Color is 
highly variable in this species, but there are two 
primary color morphs: striped/spotted and 
striped/non-spotted (Larson 19&4, Stebbins, 
2.003). Both morphs have yellowish to gray 
stripes on each side with a ground color of olive, 

brown, or brownish gray, and both lack any red 
coloration dorsally or laterally_ The ventral col­
oration is dull yellowish to orange red or 
salmon, with or without slight dusky markings 
(Stebbins 2003). The striped/spotted morph 

Two-Striped Corter Snake: Risk Factors 

Ranking Criteria (Maximum Score) Scort' 

i. Range size (10} 5 

ii. Distribution trend 125) 15 

iii. Population concentration/ 10 
migration {10) 

iv. Endemism (10) 3 

v. Ecological tolerance (10) 3 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 10 

Total Score 63 

Total Possible 110 

Total Score/Total Possible 0.57 
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has one or two rows of small, alternately spaced 
dark spots on each side of the dorsum between 
the lateral stripes ( Fitch r940, Fox 1951, Larson 
1984. Stebbins 2003). The striped/non-spotted 
morph either lacks dark spots on the dorsu m or 
only has very small ones next to the lateral 
stripes on the attterior part of the body ( Larson 
1984, Stebbins 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, Stebbitts 2003). A melanistic morph, 
sometimes with obscure lateral stripes and/or 
spots, occurs along the outer coast from Oceano 
to San Simeon State Park in San Luis Obispo 
County, and can be expected from Gaviota Stale 
Beach in Santa 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 on the inter-scale skin and 
margins of scales {Larson r9&4). Dark green 
and dull red color morphs occur in northeast• 
em Ventura County (Stebbins 2003). 

The lack of a vertebral stripe and absence of 
red coloration on the head and sides distin· 
guishes T. hammo11dii from the co-occurrint: 
aquatic garter snake (T. atratus), the western 
terrestrial garter snake (T. ele-gans), and the 
common garter snake (T. sirtalis). 

Taxonomic Relatiomhips 

Like several other garter snakE'S, Thamiiophis 

hammondii has a complex taxonomic history. 
This species has at various times been consid­
ered a subspecies of the Sierra garter snake (T. 
couchii) (e.g .. Cooper r870. Rossman 1979. 
Lawson and Dessauer 1979), the northwestern 
garter snake (T. ordfooides) (e.g., Grinnell and 
Camp 1917), and the western terrestrial garter 
snake (T. elegans) (e.g., Fitch 1948). Rossman 
and Stewart (1987) most recently elevated T. 
hammondii to full species status. McGuire and 
Grismer (1993) synonymized the Baja Califor­
nia Sur garter snake (T. digtu:ti) with T. 
hammondii. 

Life History 

In California, Th.am11ophis nammondii 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 
et al. 1996). Ervin and Fisher (2oor) reported T. 
hammondii foraging and basking at a site in San 
Diego 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 often observed in 
the summer. peaking in May and June. while 
smaller animals were seen from late August 
through early November. Surface activity 
appears to be strongly affected by the availabil­
ity of surface water (E. Ervin and R. Fisher, 
unpublished data}. Southern populations 
receive less rainfall and experience greater vari• 
ation in rainfall, likely resulting in shorter and 
less predictable activity periods than northern 
populations. 

Mating has been observed in the field in late 
March (Cunningham r959b), 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 of15.6 off­
spring from 7 litters (range 3-36). Young were 
born in late July and August and were zo.}-2.1.7 
cm TL (R. Hansen and R. Tremper, unpub• 
lished data in Rossman et al. 1996). Cunning• 
ham (1959b) found a 46.1 cm SVL female that 
contained 6 embryos. Another 64.9 cm SVL 
female contained 19 eggs (Cunningham 
1959b). Males mature at 37.3 cm SVL and 
females at 38.8 cm (Wright and Wright 1957). 

Cunningham (1966) reported a mean body 
temperature of 14 field-active individuals of 
22.G•c (range 18.6-31.8°C). Five of these ani• 
mals were swimming in water between r4•c 
and 27°C {Cunningham 1966). lnactive snakes 
found under cover objects had body tempera­
tures ranging from 7.2.•c to 23.G•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 (>ark (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 females were 1498.9 ± 

1847.6 m' (mean :t. s.d.), although the duration 
of the study was short (range 4-2.9 days), and 
activity may have increased with more time. 
Average winter activity ranges for two females 
and one male were 3395.7 :1: 4803.5 m' (mean :1: 

s.d.), with animals tracked for 29-57 days. 
Average daily dista11ce to water was 7.2 m in 
summer, compared to 98.8 m in winter (Rath­
bun et al. 199}). 

Thr:mmophis hammondii is a generalized 
predator on a variety of prey including fish, fish 
eggs, frogs, salamanders, leeches, and earth­
worms (Van Denburgh 1897, Klauber 19)1, 
Fitch 1940. Fitch 1941, Cunningham 1959b, 
Bell and Haglund 1978, Rathbun et al. 1993, 
Rodriguez-Robles and Galina-Tessaro 2006). 

This species will eat introduced prey, such as 
sunfish, African clawed frogs, and bullfrogs 
(Ervin and Fisher .2.oor, Mullin et al. 2004, 

Ervin and Fisher 2007), 

Habitat Requirements 
Thamnophis hammondii is among the most 
aquatic of the garter snakes and is often found 
in or near permanent and intermittent freshwa­
ter streams. creeks. and pools (Grinnell and 
Grinnell 1907, Fitch 1940; R. Hansen and R. 
Tremper, unpublished data in Rossman et al. 
1996). Associated vegetation types include wil­
low, oak woodlands, cedar, coastal sage scrub, 
sparse pine, scrub oak, and chaparral (R. 
Hansen and R. Tremper, unpublished data, in 
Rossman et al. 1996. Ernst and Ernst 2003). 

Thamncphis hammondii will also use artificial 
aquatic habitats such as cattle ponds (Jennings 
and Hayes 1994a, Ervin and Fisher 2001, Ervin 
and Fisher 2007). 

Surveys in San Simeon State Park in San 
Luis Obispo County from July to December 
1992 resulted in 45 snake sightings: 33.3% on 

land, 53.3% on banks, and 6.7% in the water 
{Rathbun et al. 1993). Almost all of the sight­
ings (44/ 45) were in or near pooled water 
sources. Sixty percent of snakes were sighted in 
low vegetation (e.g., herbs and grasses), 28.9% 
in tall vegetation (e.g., cattails), 11.1% in open 
areas with no vegetation, and zero in wooded 
areas (e.g., willow; Rathbun et al. 1993). 

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 more in the summer, while 
chaparral and grassland upland sites were used 
for overwintering {Rathbun et al. 1993). Ninety• 
five percent of diurnal locations of radio-tracked 
animals were on land, usually underground. 
Animals were underground, 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 
to be a very aquatic snake, these observations 
suggest that terrestrial upland habitats and 
rodent burrows can be important habitat com­
ponents for T. hammondii. 

Distribution (Past and Present) 

Thamnophis hamrnondii occurs in California 
from Salinas, Monterey County, south along 
the coast into Baja California, Mexico, occur• 
ring in the South Coast, Peninsular, and Trans­
verse ranges (Boundy 1990, Ely 1992. McGuire 
and Grismer 1993). Isolated populations also 
occur in Baja California Sur and on Santa Cata­
lina Island (Brown 1980, Stebbins 2003). While 
T. 11ammondii 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 1990). The 



elevational range is from sea level to 2450 m 
(Atsatt 1913). Jennings and Hayes (1994a) esti­
mated that T. liamrMndii has been extirpated 
from -40% of its historic range in California 
during the second halfof 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, Satt Luis Obispo County, in 
1992. but similar habitat about 5 km away in 
Pico Creek had very few snakes, even though 
the latter experiences less human disturbance 
{Rathbun et al. 1993). 

Trends in AbL'ndance 

Declines in abundance appear to be less severe 
in the southern compared to the northern part 
of the range, but 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 not necessarily reflect 
mortality and declines (E. Ervin and R. Fisher, 
unpublished data). Thamnophis hammondii 
were rare in Carmel River fish traps in 2003-
2.005 {S. Barry, unpublished data) and were 
never encountered in extensive fieldwork in 
and near the Hastings Reservation in the upper 

Carmel Valley from 1992 to 1998 {B. Shaffer, 
unpublished data). Jennings and Hayes (r994a} 
noted that T. hammondii was common 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 
1970s (Brown 19So) and is suspected to have 
declined since {Jennings and Hayes 1994a). 

NatL'rt and Degree of Threat 

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

north, declines are suspected to have been 
caused by a combination of factors including 
habitat modification by livestock, predation by 
introduced vertebrates. loss of native prey, and 
drought (Jennings and Hayes 1994a). How­
ever, negative interactions with nonnative spe• 
cies have not been well documented, and in 
some cases T. Jiammondii 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 range of T. hammondii, with warmer win­
ters and summers and earlier spring warming 
expected (revi.ewed in PRBO 2011). There is less 
certainty about future precipitation patterns. 
with estimates ranging from little change to 
roughly 30% decreases in rainfall (Snyder and 
Sloan 2005, PRBO 2011). Snowpack reductions 
of up to 90% are predicted in the southern part 
of the range {Snyder et al. 2,004). Warmer and 
potentially drier conditions may affect availabil­
ity of intermittent and ephemeral water bodies 
and therefore limit activity. In the more north· 
em pa.rt of the range, the probability of large 
(:>:2.00 ha) fires is expected to increase (Wester• 
ling and Bryant 2008} and the area burned is 
expected to increase by up to 50% (Lenihan 
et al. 2008). Both increases and decreases in 
fire probability and exte11t have been predicted 
for southern California under different climate 
change scenarios. There is little consensus on 
future fire dynamics in this part of the range 
because of the difficulty in modeling Santa Ana 
weather events (Westerling et al. :2.004, Wester­
ling and Bryant 2008}. How T. hammom#i may 
respond to fire needs to be studied. Fire may 
have direct mortality effects and may alter 
aquatic and terrestrial habitat quality. Predicted 
vegetation shifts due to climate change include 
decreases in chaparral, shrul>land, and wood­
land, and increases in grassland area (Lenihan 
et al. 2008, PRBO 2,011). The impact of these 
shifts on T. hammondii populations will likely 
be negative. 



Staius Dciermination 

Th,mmophis hammondii has undergone declines 
and extirpations and occurs in an area of high 
human population density and development. 
resulting in a Priority 2 Species of Special Con­
cern stat us. 

Management Recommendations 

Given this species' association with aquatic 
habitat and apparent willingness to use artifi­
cial habitats, restoration of aquatic habitat and 
supplementation with artificial wetlands 
should be explored as a management option in 
extirpated sites. Eradication efforts aimed at 
nonnative aquatic species should consider the 
potential effect on T. hammondii populations, 
particularly if native prey is not abundant (Mul­
lin et al. 2004}. Rathbun et al. (1993) docu­
mente<i the use of upland terrestrial habitat by 
T. l1ammoi1dii, 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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500 m of aquatic. habitats, although additional 
study across habitat types is needed. 

Monitoring, Researth, 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 Tliamnopllis 
species. Additional data on movement ecology 
and habitat requirements are also necessary to 
facilitate the design of protected areas around 
known aquatic habitats and to inform possible 
restoration efforts. The degree to which T. ham­

mondii is dependent upon introduce<i prey 
should be assei;sed, and the quality of those 
introduced prey compare.I to native prey should 
be evaluated. It may be necessary to manage for 
both T. hamrnondii and native prey populations 
simultaneously for effective 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 possible repatriation efforts. 



COMMON CARTER SNAKE, SOUTHERN POPULATIONS 

Thamnophis sinalis (Linnaeus 1758) 

Status Summary 

Thamnophis sirla!i.s is a Priority I Species of 
Special Concern. receiving a Total Score/Total 
Possible of72% {72/roo). During the previous 
evaluation. garter snakes in this part of the 
range were also considered Species of Special 
Concern (Jennings and Hayes 1994a). 

lde,uification 

Southern coastal populations of Thamn-0phis 
sirtalis have not been formally described as 
a distinct taxon. so we limit our description 
here to T. sirtidis in general. Thanmophis 
sirlalis is a medium-sized species. with a head 
slightly wider than the neck and keeled dorsal 
scales (Stebbins 2003). Tham,1ophis sirtalis can 
reach up to 12& cm TL in California, with adult 
males from coastal California 46.3 cm SVL on 
average and females 58.0 cm SVL on average 
{J. Boundy, unpublished data). Color pattern 
varies widely in this species, but garter snakes 
typically have a dark dorsal background color 
with lighter dorsal and lateral stripes which can 

be faint or absent. California T. sirtidis tend to 
have red or orange coloration on the head and/ 
or sides (Stebbins 2003). Thamnopl1is sirtalis 
in the southern part of its California range 

CQmmon Corter Snoke, Sc11tf>ern Pcpi,lfltions: 
Risk Foclon. 

Ranking Criteria (Maximum Score) 

i. Range size (10) 

ii. Distribution trend (2S) 

iii. Population concentration/ 
migration (10) 

iv. Endemism (10) 

v. Ecological tolerance {10) 

vi, Population trend (2S} 

v:ii. Vulnerability to climate change (10) 

viii. Projected impacts {10) 

Srore 

10 

2S 

Data 
deficient 

10 

7 

10 

3 

7 

Total Score 72 

Total Possible 100 

Total Score/Total Possible 0.72 
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potentially co-occurs with the coast garter 
snake (Thcmrnophis elegan.s terreslris) and the 
two-striped garter snake (T. hammcmdii} (Steb­
bins 2003}. 

Taxonomic Reltuionships 

Some sources consider coastal garter snake 
populations from southern California to be 
California red-sided garter snakes (Thamnophis 
sirtalis i1iferncdis) (e.g., Barry and Jennings 1998, 
Stebbins 2003) and others refer to them as red• 
spotted garter snakes ff. s. concinnus) (e.g .. 
Boundy and Rossman 1995, Janzen et al. 2002.). 

Jennings and Hayes (1994a) hased their evalua­
tion of the putative taxon, the South Coast garter 
snake, on personal communications with J. 
Boundy and S. Sweet. Morphological and 
genetic studies that will help to clarify the status 
of this ta.xon are still pending. One study is a 
comparison of color and morphologkal varia• 
tion among T. sirwlis from the south coast, cen­
tral coast, and central valley of California (E. 

Ervin, pers. comm.: C. Mahrdt, pers. comm.). A 
phylogeographic study hy Janzen et al. (:2002.) 

looked at T sirtalis populations along the west 
coast of the United States but exclude<! popula­
tions from southern California. Another study 
sequencing two populations of southern T. sirla­
lis is underway for comparison with Janzen 
et al.'s (2002.) study {R. Fisher. pers. comm.). 

life History 

While the species Tnamnophis sirta!is is one of 
tlte most well-studied North American snakes 
(Rossman et al. 1996), very little is known 
about populations from .southern coastal Cali­
fornia. Given that T sirtali.s is extremely wide­
spread, occurring throughout much of Canada 
and 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 2.003}. We 
therefore limit our discussion to very general T. 
sirralis biology and documented information 
from California where possible. 

Like all members of the genus Thamnophis, 

young are live-born from midsummer to early 

fall. Cunningham (t959b) reported that an 89 
cm SVL female T. sirtalis from Tapia Park, Los 
Angeles County, gave birth in late August to 20 

young (18 live) that were about 2.5 cm in TL. 
Another 59 cm SVL female from the same area 
was carrying 12 embryos (Cunningham 
r959b). A single female from farther north in 
San Benito County gave birth to six young. also 
in late August (Banta and Morafka 1968). Else­
where, average litter sizes range from 7.6 in 
British Columbia (Gregory and Larsen 1993) to 
32.~ in Maryland (McCauley 1945). Neonates 
range in size from 15 cm SVL (Manitoba; Gre­
go1y 1977, Gregory and Larsen 1993. Larsen et 
al. 1993) to :i.c cm SVL (Lasse11 County, Califor­
nia; Jayne and Bennett 1990}. Females mature 
at SVLof 43-57 cm, and males mature at 36-38 
cm SVL. although this trait is highly variable 
across populations (Rossman et al. 1996). Time 
to maturity can take up to 4 years in some pop­
ulations (e.g., Lassen County; Jayne and Ben­
nett 1990). The proportion of females that are 
reproductively active in a given year ranges 
from 2.9% to 88% across populations (summa• 
rized in Rossman et al. 1996), suggesting that 
not every female breeds every year. 

Tharnnophis sirtalis can be active year-round 
in some southern localities (e.g., the Florida 
Everglades; Dalrymple et al. 1991). RUthling 
{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. sirlalis are active from Felm1ary to 
October, but there is a post-August drop in 
activity associated with a seasonal reduction in 
aquatic habitat. Most activity is diurnal, 
although crepuscular and nocturnal activity 
has been observed when anurans, a primary 
prey item, are breeding (Ernst and 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 Rossman et al. 

1996). 
Tkamnopki.s sirtalis are generalized preda• 

tors (reviewed in Rossman et al. 1996). 
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However, diet data are not available from the 
southern range of T. sirlalis in California. Data 
from northern populations show that anurans 
are a large part of the diet. Anurans were the 
most common prey observed eaten by Califor­
nia T. sirtalis, comprising 58% of prey items (ii 
• 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· 
em California at Eagle Lake (Lassen County, 
1555 m). regurgitation of 36 adults revealed that 
3,% of individuals contained anurans (mostly 
western toads, Bufo boreas), and 90% of prey 
items were anurans {Kephart and Arnold 
1982). Fish (6% of animals, z% of prey items) 
and leeches (n% of animals and 8% of prey 
items) were taken less frequently (Kephart and 
Arnold 198.2). In the northern Sierra Nevada 
near Truckee, Nevada County, anurans com• 
prised 56% of prey volume (mostly Pacific tree 
frogs. Ps~udacris regi!la), while 33% of prey vol• 
ume was fish. Rarer prey items (5% or less of 
total prey volume) included mice and leeches 
(n = 88 snakes; White and Kolb 1974). Juvenile 
TJ,amnophis sirtalis in California have also been 
observed to consume newly metamorphosed 
newts {Taricha torosa) (S. Barry, unpublished 
data). 

Habitat Requirements 

Thanmophis sirtalis in southern California is 
thought to be restricted to marsh and upland 
habitats near permanent water and riparian 
vegetation {Grinnell and Grinnell 1907, Fitch 
1941. Von Bloeker r942; S. Sweet. pers. oomm., 
in Jennings and Hayes 1994a). Data are scarce, 
but habitat preferences may be quite narrow. 
Some observational data suggest that this taxon 
may avoid restored marshlands. although the 
reasons for this are not dear (R. Fisher, pers. 
comm.). 

Distribution (Past orid Present) 

Thamnophis sirtalis was historically known from 
scattered localities along the south.em coastal 

plain from the Santa Clara River Valley in Yett· 
tura County to around San Pasqual in San 
Diego County (Klauber 1929, Jennings and 
Hayes 1994a; S. Sweet. pers. comm. in Jennings 
and Hayes 1994a; E. Ervin and C. Mahrdt, 
unpublished data). The historical elevation 
range is thought to be from near sea level at Bal­
Iona Creek and Playa de) Ray Marsh in Los 
Angeles County to -832 mat Lake Henshaw in 
San Diego County (Von Bloeker 1942; R. Fisher, 
pers. comm. in Jennings and Hayes 1994a). 
Jennings and Hayes (1994a) estimated that 75% 
(18/24) of historic localities no longer supported 
populations due to anthropogenic and natural 
habitat loss (e.g., urbanization, flooding). Of the 
six extant localities identified by Jennings and 
Hayes (1994a), it is now suspected that popula• 
tions remain in only three localities, with possi• 
ble extirpations including Camp Pendleton and 
San Luis Rey (R. Fisher, pers. comm.). 

Trends in Abundance 

Historical accounts suggest that Tham11Qphis 
sirtalis was once quite common {Grinnell and 
Grinnell 1907, Bogert 1930. Von Bloeker 1942). 
Current populations are thought to be abun­
dant at Lake Henshaw in San Diego County, 
rare along the Santa Clara River, and virtually 
extirpated elsewhere (S. Barry. pers. comm .. R. 
Fisher, pers. comm.). 

Nature and Degm: of Threat 

Extirpations and population declines in this 
taxon have been attributed to habitat loss and 
fragmentation due to urbanization. agriculture. 
and flood control projects, as well as natural 
events such as floods and droughts (De Lisle 
et al. 1986, Jennings and Hayes 1994a). At 
remaining sites, urbanization in Riverside 
County continues to impact the Santa Margar­
ita River wetlands at Camp Pendleton, and 
increased dam height in the Prado Basin may 
have a negative flooding impact {R. Fisher, 
pers. comm.). lntroduc.ed aquatic predators a1td 
water snakes (genus Nerodia) may also nega­
tively impact Thamnophis sirtalis !Jennings and 
Hayes 1994a; R. Fisher, pers. c.omm.). 



Under climate change, mean annual tem­
peratures are projected to increase 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 2.011). 

Snowpack reductions of up to 90% are pre­
dicted in southern California (Snyder et al. 
2004). Warmer and potentially drier condi­
tions may affect availability of intermittent and 
ephemeral water bodies and therefore limit 
activity. Increases 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 {Wester­
ling et al. 2004, Westerling and Bryant 2008). 

How T. sirtalis responds to fire is unknown. 
Fire may have direct mortality effects. and may 
alter aquatic and terrestria 1 habitat quality. l.>re• 
dieted vegetation shifts due to climate change 
include decreases in chaparral and shrubland 
and increases in grassland area (Lenihan et al. 
2008, PRBO 201I). The potential impact of 
such vegetation shifts on T. sirtalis populations 
is unknown. 

Status Determinulion 

Tlianmophis sirlalis in southern California has a 
very small range in a heavily human-impacted 
part of the state. In addition. these populations 
have been extirpated from most of their histori-

cal range, which justifies a Priority I Species of 
Spedal Concern designation. 

Management Recommendations 

Given the paucity of ecological information on 
southern populations, it is difficult to make 

management recommendations beyond the 
protection of existing habitat at this time. 
Future management strategies may include 
removal ofinvasive animals and plants. restora­
tion of fiow 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 taxon. 

Mot1itoring, Research, and Survey Needs 

Almost no ecological or life history information 
is available for this taxon, and this data gap 
needs to be addressed at the few remaining sites 
in southern California where Th,unnophis sirta• 
!is persists. Monitoring to determine population 
abundance and to verify extirpation is needed 
across sites. As remaining habitat is identified 
and extant populations are found and stabilized, 
human-mediated repatriation, perhaps in com­
bination with captive breeding, may be the most 
effective strategy to repopulate extirpated sites. 
Studies on movement and dispersal are needed 
to determine connectivity among remaining 
populations. and genetic studies on both the dif. 
ferentiation of this taxon from other r: sirtali.s 
populations and the level of among-population 
variability are needed. Finally, the importance 
and impacts of nonnative species as predators 
and prey should be investigated further. 
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WESTERN POND TURTLE 

Emys [-ActintmysJ marmorata Baird and Girard 1852 

PHOiOS: (top) Western pond turtle. Solano County, California. C<>u1tesy <>f Adam Clause. 
(bottom) Western pond turtle, Sant.a Barbara County, California. Courtesy of Robt rt Hansen. 
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Status Summary 

Emys marmorata is a Priority I Species of Spe­
cial Concern in the southern part of the range 
(roughly corresponding to the range of the 
southwestern pond turtle, E. m. palliaa) and a 
Priority 3 Species of Special Concern elsewhere 
(roughly corresponding to the range of the 
northwestern pond turtle. E. rn. marmorata; see 
below for additional detail). These two popula• 
tions received a Total Score/Total Possible of 
81% (89/110) 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 
Hennings and Hayes 1994a). 

Identification 

Emys marmorata is a small to medium-sized 
{generally c7-18 cm, rarely to 24 cm, straight 
carapace length) brown, tan, or olive turtle 
(Stebbins J.003). The carapace is low, keelless. 
and often marked with a pattern of dark lines 
and/or dots, sometimes forming a pattern that 
radiates from the centers of each scute. The 
posterior edge of the carapace forms a smooth. 
non-serrated rim. In some individuals, the car­
apace has no patterning. The plastron is lighter 
tan or beige, hingeless, and often marked with 

Nrnlhem W~Jem Pond Turli~; Risk F'a,10,s 

Ranking Criteria !Maximum Score) Score 

i. Range size (10) S 

ii. Distribution trend (2S) lS 

iii. Populath,n concentration/ 10 
migration (10) 

iv. lindemism (10) 7 

v. Ecological tolerance (10) 0 

vi. Population trend (2S) 20 

vi i. Vulnerability to di mate change (10} 7 

viii. Projected impacts (10) 7 

'fotal Score 71 

Total Possible 110 

Total Score/Total Possible 0.65 

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

This species is unlikely to be confused with 
other turtles within its range with the possible 
exception of melanistk individuals of the non• 
native red-eared slider (Trachemys scripla tle­

gans). This latter species has a much shorter 
tail, attains larger overall body sizes. and has a 
serrated rim around the posterior edge of the 
carapace. Most individuals of this species also 
have prominent yellow stripes on the neck and 

,shell and a broad red stripe over the temporal 
region of the head. although older individuals 
often develop an overall dark melanistic 
coloration. 

Tax<>nr>mic Relationships 

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

Ranking Critcda (Maximum Score) Score 

i. Range size (10) 5 

ii. Distribution trend {25) 25 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 7 

v. Ecological tolerance (10) 0 

vi. Population trend (25) 25 

vii. Vulnerability to climate change (10} 7 

viii. Projected impacts (10) 10 

Total Score 89 

Total Possible 110 

Total Score/Total Possible 0.81 



Clemmys along with the bog turtle (now Glypte­
mys muhlenbergii), the wood turtle (now G. 
inscuipta). and the spotted turtle (now C. gut· 

lczta). Recent molecular analyses have sug• 
gested a close relationship between E. mar• 

mi>rata. Blanding·s turtle (Emys l=Emydoidea] 
blandingii), and the European pond turtles (E. 
orbicularis and E. trinacris) (Bickham et al. 
1996. Burke et al. 1996. Feldman and Parham 
2002, Spinks and Shaffer 2009. Spinks et al. 
2009). 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). 

lntraspecifi.c variation within E. marmorata 

is also undergoing intensive study. Two subspe­
cies have lraditional\y been recognized, E. m. 

marmorata (Baird and Girard 1852-) and E. m. 

pa!lida (Seeliger 1945). These subspecies were 
initially distinguished by the presence or 
absence of inguinal scutes in the sltell and col­
oration of the throat and neck. Subsequent 
studies also detected 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 2.005, Spinks et al. 
2010). Spinks et al. (2014) analyzed a large 
panel of SNPs and concluded that E. m. m1su 
laro should be divided into two species. Because 
this arrangement is very recent, here we follow 
the earlier anangement {of a single species) 
but consider threats separately for southern and 
northern populations as was done by Jennings 
and Hayes (1994a). 

Life History 

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

flows in the Mediterranean climate. Where it 
overwinters terrestrially, the species uses a 
variety of habitat types but chooses sites above 
the normal high water mark and burrows into 
loose soils and leaf litter (Reese 1996). In 
aquatic habitats that experience little change in 
water level (Jakes. 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 
et al. 1983, Ernst and Lovich 2009). Movement 
to ovenvintering sites occurs at the end of sum­
mer. most often in September, although the 
timing varies with the particular habitat and 
area (Reese 1996, Reese and Welsh 1997). In 
warmer areas. particularly in the southern part 
of the range. this species may remain active 
year-round. 

Western pond turtles are known to mate 
throughout the spring, summer. and fall. Nest­
ing usually occurs in the spring or early sum­
mer, although double clutching has been 
reported from several parts of the range (Good· 
man 1997. Germano and Bury 2001. Germano 
and Rathbun .2008, Scott et al. .2008). Females 
usually select nest sites within 100 m of a water 
body. although nests as far away as 500 m have 
occasionally been reported (Storer 1930, Hol­
land 1994. Reese 1996. Holte r998, Lovich and 
Meyer 2002). Clutch sizes vary from , to 13 
eggs and vary depending on local conditions 
(Holland 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 1986). Carrion and small vertebrates are 
also occasionally consumed (Bury 1986). 

Growth rates vary widely depending on local 
conditions but appear to be highest in hatch­
lings and then gradually slow in adults. Repro• 
ductive maturity is widely variable and appears 
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to be linked to size. Females generally mature 
at slightly over r3 cm SCL as young as 4-5 years 
of age, while males mature at about 12.5 cm 
SCL at 6-8 years of age (Ho1land 1994. Reese 
1996. Germano and Bury 2001. Germano and 
Rathbun 2008. Germano and Bury 2009; T. 
Engstrom, pers. comm.), although maturation 
can happen more quickly depending on local 
conditions in some a1eas (e.g .. Germano 2.010). 

Habitat Requirements 

Emys marmorata is generalized in its habitat 
requirements, occurring in a broad range of 
aquatic water bodies including Rowing rivers 
and streams, permanent lakes. ponds. reser­
voirs. settling ponds, marshes, and other wet­
lands. This species will also temporarily use 
semipermanent or ephemeral water bodies, 
including stock ponds, vernal pools, and sea­
sonal wetlands (Stebbins 2003, Bury and Ger­
mano 2008). This species will also at least 
occasionally enter sea water {Stebbins 1954, 

Holland 1989). Pond turtles require upland 
habitat that is suitable foy nesting and overwin• 
tering use. Localized soil conditions, as well as 
the frequency and degree of disturbance in the 
upland habitat, probably limit their distribu• 
tion. Soils need to be loose enough to allow nest 
excavation, while disturbance needs to be inf re• 
quent enough or of sufficiently low intensity 
that nests are not disturbed (Ernst and Lovich 
2009). 

This species is most frequently found in 
quiet reaches that experience little human 
impact and l1ave abundant basking substrate in 
the form of downed wood and large rocks (Bury 
and Germano 2008, Thomson et al. 2010). The 
species can persist. at least over moderate peri­
ods of time, in highly modified habitats with 
high h,1man traffic and/or little basking sub• 
strate {Spinks et al. 2003, Germano 2010). 

Disiribution (Past and Prcseni) 

Emys marmorala 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 
2.048 m (Ernst and Lovich 2.009). 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 1992.b, Lovich 
and Meyer 2.002.). 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 
introduced in the state of Nevada in 18&7, and 
these may be the source of the population in 
the Truckee and/or Carson Rivers (Cary 1889). 

Within E. marmomta, the southern subspe­
cies (.F. m. pallida) extends from the southern 
range 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 exist in 
the San Joaquin Valley (Seeliger 1945), 

although recent work has shown that this area 
is genetically a member of the northern sub­
species (Spinks et al. 2.014). The populations 
that we recognize conespond to these subspe• 
des distributions. 

In the north, large and relatively intact pop­
ulations still exist through large areas of the 
Coast Range and Sierra foothills, although 
agriculture and habitat modification have 
destroyed large areas of riparian and wetland 
habitat in the Sacramento Valley that almost 
certainly supported large populations of this 
species in the past. Scattered populations 
;emain throughout the Sacramento Valley, but 
the extensive marsh habitat that dominated 



much of the valley fioor has been largely 
drained and converted to agriculture. Kelly 
et al. (2005) estimated that the extent of wet­
land habitat in the Cent1al Valley has declined 
by ~80% since the 1860s when large-scale land 
conversion began. and this undoubtedly elimi­
nated many E. mam1orata populations. Holland 
(1992b) argued that the San Joaquin River 
drainage formerly represented the stronghold 
of this species, supporting vast numbers of 
individuals, al}d that the species has been lost 
from >99% of its range in the region. Overall. 
the number of viable populations in this area 
has dearly decreased, but some do remain 
(Holland 1992.a, Jennings and Hayes 1994a, 
Germano 2010, Bury et al. 2012). 

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 large tracts of unsuitable habitat 
that have little suitable upland nesting habitat. 
Dispersal corridors between adjacent habitats 
have also been mostly severed by intervening 
urban development and heavily used roadways, 
resulting in heavy mortality on females search­
ing out nest sites {R. Fisher, pers. comm.). 

Trends in Abundance 

Emys marmorata was formerly abundant 
throughout much of California. Bogert (1930) 
reported that E. mf;lrmorata was "common in 
larger streams along the coast and in many of 
the marshes adjacent to the coast." and many of 
these habitats still support relatively large pop­
ulations (Jennings and Hayes 1994a. Germano 
and Rathbun 200&, Thomso1t et al. 2010). Else­
where declines have occurred. particularly in 
southern California. Van Denburgh (1922) 

reported that the species was "abundant on the 
west fork of the San Gabriel River," but recent 
reports suggest that the species has declined 
precipitously in this area .and in the Los Ange­
les Basin in general (Brattstrom 1988, Jennings 
and Hayes 1994a). Large, relatively intact popu• 
lations remain through much. of the northern 
Coast Ranges, although a1eas in the Central 

Valley and southern California that still sup• 
port the species have severely declined (Hol­
land 1992b, f ennings and Hayes 1994a}. 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 occurred in this area beginning 
in the 1860s. Further, 6. marmorata were har• 
vested commercially for many years, selling for 
3-6 dollars per dozen in San Francisco markets 
during the 192.os and 1930s (Pope 1939, Nuss­
baum et al. r983). The overall extent of declines 
in abundance caused by market collection is 
poorly understood. However, localized declines 
due to market collection were noted as early as 
1879 in Sacramento (Lockington 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 2.010; D. 
Germano. pers. comm.). Unpublished field 
data also indicate that the species persists in 
some numbers throughout Merced (particu• 
larly east of Gustine) and Fresno Counties, as 
well as some areas of Kern County ( S. Barry, 
pers. comm.). At 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 evaluatfon. 

Nature and Degree of Threat 

The largest threats currently facing Emys mar• 

morata are land use changes and fragmentation 
of existing habitat, as well as possible impacts 
via competition and predation by introduced 
species. 

Throughout the range of E. marmorata, 

extensive wetland habitats that once supported 
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large numbers of this species have declined in 
extent and quality. Ongoing land use conver• 
sion to agriculture as well as urban develop­
ment have degraded and fragmented habitat 
throughout virtually all of this taxon's range. 
These effects are most 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) documented 
changes in the age structure of E. marmcrata 

populations as a result of damming in the Trin· 
ity River drainage, suggesting negative impacts 
on juvenile turtles and therefore recruitment in 
populations affected by dams. 

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 :2.008a). The spiny softshell 
turtle (Apakme spinifera) is a more recent intro• 
duct ion to the Central Valley of California and 
is now breeding in at least one site in the Sacra• 
mento Valley (L. Patterson, pers. comm.). If 
this species becomes invasive on a larger scale, 
it is also likely to compete with and possibly 
prey on small E. 1narmcmta. ln Southern Cali­
fornia, the range of these two species appears 
not to overlap. suggesting that softshells may 
have strong impacts on pond turtles (R. Fisher, 
pers. comm.). Additional introduced species 
that may affect F. marmoraia are bullfrogs, 
crayfish, and introduced centrarchids. ln the 
Salinas River, E. marmorata declined following 
the invasion of bullfrogs in the 1970s (B. 
Hubbs, pers. comm.). The strength and mech­
anism (predation or competition) of their 
impact is not currently c.lear, and further stud­
ies are needed. Ravens. crows, raccoons, and 
opossums are all known predators of E. mar• 

morala adults and nests. The population sizes 
of these human commensal species have 
increased through time 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. Sweet, pers. comm.). 

The impacts of climate change on E. mar­

morata are still poorly understood but are likely 
to be significant. Climate simulation models 
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 scour­
ing fioods) are likely to negatively affe<:t habitat 
and could cause local extirpations (Cayan et al. 
2008b}. Because the habitat is now fragmented, 
recolonization of these areas following localized 
extirpations is unlikely, particularly in southern 
California where the habitat is the most frag­
mented. Importantly, the genetic data indicate 
that most of the genetic diversity within this 
species resides in southern California. Because 
of this, declines in this area could result in the 
extirpation of much of the genetic diversity that 
is currently present {Spinks et al. 2.oro, Spinks 
et al. 2014; R. Fisher, unpublished data). 

Status Determination 

Priority I Species of Special Concern status is 
justified for Emys marmcrata in the southern 
portion of the range because these populations 
are experiencing ongoing and strong declines 
in distribution and abundance (although, as 
noted above, some evidence indicates these 
declines may be slowing in some areas). Fur­
ther, this area contains most of the genetic 
diversity that has been identified within this 
taxon, so entire genetic 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. (2or:z.). 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 to reduce or control the 
impact of predators (especially on nests) are 
also an important way to maintain current 
populations and increase recruitment of juve­
niles. Formal headstarting programs may be 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 observation is 
that Emys marmomta can live in close proximity 
to human disturbance, provided that they have 
adequate suitable basking and nesting sites. 

Mor1itoring, Research, and S1iri,ey Needs 

Further research on the impact of invasi\l'e 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 poorly characterized, and 
need to be clarified if the species is to persist 
and thrive in human-modified habitats. The 
effectiveness ofheadstarting efforts needs to be 
evaluated in various habitat'! and predation sit• 
uations. Because a large amount of life history 
variation is present in this taxon {pa.rlicularly 
relating to time to maturity, body size, and 
clutch size; e.g., Germano 2010), researchers 
and managers should be cautious when apply­
ing life history data CC)llected in one population 
to a different population. particularly those 
occurring at widely different elevations, water 
temperatures, or habitat types. 
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SONORA MUD TURTLE 

Kinostunon sonoriense Le Conte 1854 

5kltus Summary 

Kii1ostemon sonorumse is a Priority I Species of 
Special Concern, receiving a Total Score{Total 
Possible of 66% (56/85). During the previous 
evaluation, it was also considered a Species of 
Special Concern (Jennings and Hayes 1994a). 
It has not been recorded from its historic range 
along the California-Arizona border since 
1962. 

ldentificaiion 
Kinosterno11 sonorirnse is a small (maximum 
size -r7 cm SCL) black or brown turtle, with 
prominent barbels on the chin and neck and 
usually with yellow or cream mottling on the 
sides of the head that form broken stripes (Ernst 
and Lovich 2,009). The plastron is lighter than 
the carapace, usually pale 'brown to yellow, with 
dark pigmentation along the scute seams and 
well-developed anterior and posterior hinges 
(Ernst and Lovich 2009). The overall carapace 
shape is oval and moderately domed. This spe­
cies is unlikely to be confused with o1her native 
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California turtles. since it is the only California 
native that possesses barbels and the only native 
aquatic turtle that occurs within its range. 
However, many kinosternid turtle species are 

Sonora Mud T11rtl~: Risk Factor.; 

Ranking Criteria. (Maximum Score} Score 

i. Range si:ze (10) 

ii. Distribution trend (2S) 20 

iii. Popu!.ition 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} 3 

viii. Projected impacts {10) 10 

Total Sco1e 56 

Total Possible 85 

Total Score/Total Possible 0.66 
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difficult to distinguish. and some of these have 
been sporadically introduced around the state. 
The most common introduced kinosternid is 
likely the common musk (or stinkpot) turtle 
(Stemothuus odorahis). 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 Kinosternon 
have also been introduced (K.jlavescens in par­
ticular; S. Sweet, pen;. comm.) but are not com­
mon and will often require expert identification 
(Spinks et al. 2.003. Spinks et al., pers. obs.). 
See Stebbins (2003) for additional details. 

Taxonomic Relationships 

Two subspecies have been described. one of 
which historically occurred in California. The 
Sonora mud turtle (Kinostemon sonorie11Se so110• 
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. longifemorale.s) is 
restricted to the Rio Sonoyta drainage in Mex­
ico and southern Arizona (Iverson 1976). 

lntraspecific, 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 sludies in 
Arizona and New Mexico suggest that there is 
some interpopulation variation in basic life his• 
tory parameters of this species. We base our life 
history description on work conducted prima• 
rily in Arizona and New Mexico but recognize 
that these data should be regarded as tentative 
for California populations. 

Kinostemon sot1oritmse is active throughout 
the year as long as water is present, though in 

warmer months it may become active primarily 

at night (Hulse c974. Hulse 1982.). Hibernation 
is 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 exdusively low 
elevation. Kinosurnon sonoriense aestivates ter· 
restrially in response to seasonal drying in sev-
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era! pop\dations (Ligon and Stone 2003, Hall 
and Steidl 2007, Hensley et al. 20101 but else­
where may be more closely tied to permanent 
water (Ligon and Peterson 2.002). In Arizona. 
females come into reproductive condition after 
a minimum of 5 years or with a carapace length 
between 115 and 125 mm, after which they pro• 
duce one to fom clutches per year although this 
varies depending on location (Van Loben Sets 
et al. 1997. Ernst and Lovich 2.009, Lovich et al. 
2012). Females become gravid between April 
and September. although most frequently in 
June and July (Lovich et al. 2012). The develop­
ing embryos apparently require a period of 
coolirtg before development restarts in the 
spring (Hulse 1982., Ewert 1991, Ernst and 
Lovich 2009). In Arizona, hatching may be 
associated with the summer monsoon in late 
summer (van Loben Sels et al. 1997}. 

Ki11osterno11 s011orie11se can attain high local 
populalion densities. One population in Hidalgo 
County. Ne-1v Mexico, contained 212. turtles 
(Stone 2001}. Another population in Yavapai 
County, Arizona, reached 750 individuals/ha of 
aquatic habitat (Hulse 1982). Individuals are 
known to undertake long terrestrial movements 
(>1 km) when water becomes limiting (Stone 
2001. Hall and Steidl i.oc,7). and Stone (zoo1) 

found that 26% of recaptured individuals had 
moved overland between aquatic capture sites. 
In the Santa Catalina Mountains (Pima County, 
Arizona), where the aquatic habitat consists of 
small and discrete pools, the presence of two or 
more adult turtles of the same sex within single 
pools was rare, suggesting that the species may 
be territorial where resources are limiting (Hall 
and Steidl 2.007). 

Ki110$ternon s,moritmse is primarily carnivo­
rous, feeding on a variety of invertebrates. It is 
known to shift to omnivory in suboptimal habi· 
tat (Hulse 1974) and to feed on or scavenge 
small vertebrates (Stone et al. 2.005, Lovich 
et al. 2.010}. 

Habitat Requirements 

Habitat requirements for Kinosternon sorioriense 
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 2009. 

Stanila 2009, Hensley et al. 2010, Stone et al. 
2ou). In California, it was known to enter arti­
ficial water bodies, although the Jong-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 bottom (Jennings and 
Hayes 1994a). 

Distribution (Past and Present) 

Historically, this species occurred in California 
along the Lower Colorado River drainage (Van 
Denburgh and Slevin 19r3, Grinnell and Camp 
19r7, Dill 1944). La Rivers (1942) reported the 
northernmost record for the species in the 
Colorado River drainage from Clark County. 
Nevada. Cooper {1870) mentioned a specimen 
from an unspecified locality in the Colorado 
River Valley, 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 
early 1900s (Van Denburgh and Slevin 1913, 
Van Denburgh 1922). A 194:1. record (SDNHM 
17897) extended the western range itt Califor­
nia to within ~20 km of Calexico, suggesting 
that this taxon was present in ditches and 
canals in the Imperial Valley for at least some 
period of time. Klauber (1934) indicates that it 
was not "yet" present in the Imperial Valley, 
though by 1942 it deal'ly was. The overall extent 
and timing of its expansion into the lmperial 
Valley is essentially unknown. In the Lower 
Colorado River Valley, the species was present 
a.t least until 1941 near Bard, Imperial County 
(SDNHM 33866). 

The last published record of Kinosterno11 
sonorietise in the Lower Colorado River drain­
age occurred on the Arizona side of the river 
-1.6 km southwest of Laguna Dam on 31 March 
1962 (Funk 1974, Lovich and Beaman 2008). 

Turtle trapping surveys were conducted in 
April of 1991 throughout much of the historic 
California range and failed to detect the species 
(King and Robbins 1991). The presence of 
·small black turtles along the Coachella Canal" 
was rumored in the 1990s, but these reports 
were ttever verified and could have been misi­
dentified Trache:mys scripta or Apalone spi11ifera 
(J. Lovich, pers. comm.). 

Outside of California, K. sonorie:nsc ranges 
through much of southern Arizona, into the 
southwestern corner of New Me,dco and south 
into northern Sonora and Chihuahua, Mexico, 
from sea level to 2040 m (Stebbins 2003, Lov­
ich and Beaman 2008, Ernst and Lovich 

2009). 

Trends in Abundance 

There is no information concerning historical 
abundance of this species in California. Only 
five reliable localities have been recorded in 
California, and historical accounts from the 
early twentieth century contain few data on 
abundance. Van Denburgh and Slevin (1913) 
reported that "six or eight" specimens were col­
lected near Yuma before 1906, and stated that 
"whether it ascends the Colorado River above 
the Gila is not known." Van Denburgh (1922) 

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 r942}. Dill {1944) mentioned only 
that this taxon occasionally stole bait from fish­
ermen (presumably 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. Kinostemor. 
sonorier.se 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. 

Nature and Degree of Threat 

The causes of decline of Kinosternon sonorien.st 
in California are poorly understood, 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, forcing the species to shift to a 
suboptimal herbivorous diet, which has been 
suggested as a factor in other K. sonorimse 
declines (King et al. 1996). The impact ofintro­
duced exotic nayfish, bullfrogs, warm water 
fishes, and softshelled turtles, all of which were 
well established around the time of K. sono• 
rien.se declines (Dill 1944, Lovich and Beaman 
zoo8). is unknown, but they could plausibly 
have had a negative impact on K. sonoriense. At 
one site in Arizona, reduced K. sonoriense den­
sities appear to be associated with the presence 
of introduced crayfish ( Lazaroff et al. 2006). 

Between 1941 and 1943. the Imperial Irriga­
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 Hensley 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. sonorien.se 
and other taxa that disappeared from this area 
during the same time period (e.g., Rana yava­
paiensi.s, Bufo atvarius). 

Status Determination 

A Priority I Species of Special Concern desig• 
nation is justified by the complete absence of 
records for this species since the 1960s. This is 
the primary cause for concern. Little under­
standing of Ki11osternon sonoriense's habitat 
requirements or factors leading to decline in 
California currently exists. However. given the 
survey efforts that have been conducted to date, 
we assume that any remaining California pop-
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ulations are small, fragmentary, and vulnerable 
to extirpation. The species may also be vulner­
able to increasing temperatures and changing 
hydrology due to climate change. 

Management Recommendations 

If future surveys detect any remaining popula­
tions, initial management 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
cate that reproduction and/or recruitment is 
not occurring, a headstarting program could be 
effective as a stopgap measure to prevent local 
extirpation. Many aquatic turtles have very dif• 
ferent habitat requirements for hatch lings and 
adults, and ecological studies of both age 
classes will almost certainly be necessary to 
ensure the survival of remnant native 
populations. 

Monitoring, Research, a11d S1.1rvey Needs 

Although surveys have been performed for 
Kinostemon sonorien.se in California, these 
efforts are not yet 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
rado River below Needles and along Lake 
Havasu (R. Fisher, pers. comm.); Haughtelin, 
Ferguson, Taylor. Draper, and Walker Lakes 
(King and Robbins 199r); the Coachella Canal; 
and any riparian habitat remaining in the area 
of Laguna Dam, as well as at Topock Marsh in 
the Havasu National Wildlife Refuge. 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 shoi1ld immediately initiate a monitoring 
program lo determine the size and stability of 



the population, as well as an ecological study of 
population structure and life history. This will 
almost certainly involve individually marking 
turtles with shell notches and/or PIT tags and 
performing mark-recapture surveys to esti­
mate population size and individual growth 
rate. In particular, whether. and how much, 
reproduction is taking place in existing popula• 
tions will be critical to determine. Juvenile tur• 
ties rarely enter submersible traps; thus, alter• 
native methods sho,1ld be employed to sear<;h 
for them (such as seining or snorkeling). 
Female turtles should also be checked for eggs 
using either palpation or radiographs, prefera• 
l>ly 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 valuable to researchers working 
on Ki11osternon phylogenetics and phylogeogra­
phy and will also be critical in assessing the 
existing diversity within remaining popula• 
tions and the di'lergence between these and 
more abundant populations lo the ea~t in 

Arizona. 
Finally, researchers should attempt to char­

acterize differences between habitat that sup­
ports this species and nearby habitats that do 
not. The causes of decline are still poorly under• 
stood. so management efforts that focus on 
rebuilding populations must be informed with 
strong data on the impact of introduced preda• 
tors. pesticide, and herbicide drift, introduced 
aquatic plants, and habitat modification on 
K. sonoricnse population persistence. 

SONOI\A MI.IO ti.IP.TU }09 



This page intentionally left blank 



LITERATURE CITED 

Adalstcinsson, S.A., Branch, W.R .. Trape. S., Vitt. 
L.I., and Hedges, S.B. 2009. Molecular phylog­
eny, classification, and biogcograpy of snakes of 
the family Leptotyphlopidae (Reptilia. Squa­
mataJ. Zootaxa 2.1.40:1-50. 

Adams, M.[. r999. Correlated factors in amphibian 
decline: exotic species and habitat change in 
western Washington. Journal ◊fWildlife 
Management 63:1162-1171. 

Adams. M.J. 2000. Pond permanence and the 
effects of exotic vertebiates on anurans. Ecologi­
cal Applications 10:559-568. 

Adams. M.J. and Bury. R.B. 2002. The endemic 
headwater stream amphibians of the American 
Northwest: associations with environmental 
gradients \n a large forested preserve. Global 
Ecology and Biogeography n: 169-r78. 

Adams, M.J., Bury, R.B., and Swarts, S.A. 1998. 
Amphibians of the Fort Lewis Military Reserva­
tion, Washington: sampling techniques and 
community patterns. Northwestern Naturalist 
79:12-18. 

Adams, M.J .. Pearl. C.A.. and Bury. R.B. 2003. 

Jndire<t facilitation of an anuran invasion by 
non-native fishes. Ecology Letters 6:343-351. 

Adams. M.J .. Pearl. C.A .. Galvan, S .. and .Mccreary, 
B. 2011. Non-native species impacts on pond 
occupancy by an anuran. The Journal of Wildlife 
Management 7,:30-3~. 

Adams, S.B. and Frissell, C.A. 2001. Thermal 
habitat us<:? and evidence of seasonal migration by 
Rocky Mountain tailed frogs. Asrnphus montanus. 
in Montana. Canadian Field Naturalist 
115:251-256. 

Adest, G.A. 1977. Genetic relationships in the 
genus Uma (lguanidae). Copeia 1977:47-52.. 

Aguilar, A., Douglas. R.B., Gordon, E., Baum­
steiger. 1-, and Goldsworthy. M.O. 2013. Elevated 
genetic structure in the coastal tailed frog 
(Ascaph1,s trueil in managed redwood forests.. 
Journal of Heredity 104:202-216. 

Alberts A.C .. Brown, T.K., Grant, T.D., Lemm. J.M .. 
Montagne, J.P., Milroy, L.G., Ill, and Jackintell, 
L.A. 2004. Conservation of the San Diego coast 
horned lizard on the Southwestern Riverside 
County Multi-Species Reserve. Final Project 
Report to the Metropolitan Water District of 
Southern California for Agreement No. 1550. 
Applied Conservation Division, Zoological 
Society of San Diego. San Diego, CA. 

Aldridge. R.D. 1979. Seasonal spermatogenesis in 
sympatric Crotalus viridis and Arizo1111 elega11s 
in New Mexico. Journal of Herpetology 
r3=1S7-192. 

Altig, R. and Brodie, E.D., Jr. 1972. Laboratory 
behavior of Auaphus truei tadpoles. Journal of 
Herpetology 6::1:1-2-4-

Anderson. B.W. and Ohmart, R.D. 1982,. Revcgcta­
tion for Wildlife Enh,mcement along the Lower 
Colorado River. Bureau of Reclamation. Boulder 
City, NV. 

Anderson, J.D. 1960. Cannibalism in Dicamptodon 
ensatus. Herpetologica 16 :260. 

Anderson, I .D. 1961. The courtship behavio7 of 
AmbystC1mt1 macrodacl}'lum croc~um. Copeia 
1961:132-139. 

Anderson, J.D.1967. A c.omparisonofthe life 
histories of coastal and montane populations of 

)II 



Ambys1oma macrodactylum in California. The 
American Midland Naturalist 77:323-}5~. 

Anderson, J.D. 1968.i. A comparison of the tood 
habits Qf Am!iysioma mi:icrodi:ial'lum sigillaium. 
Ambystoma macrodc,ciyl11m croc,um, and 
AmbyStQma ligrinum ci:ilifomieme. Herpetologica 
24:273-284. 

Anderson, J.D. 1968b. Thermal hist-nies of two 
populations of Attt!>ystoma macrodaclylum. 
l·lerpetologica :1+29-}5. 

Andre. S.E., Parker, J., and Briggs. C.J. 2.008. Effect 
of temperature on host response to 8atra­
cko'11y1riuttt dendrobalidis infection in the 
mountain yellow-legged frog ( Rana mimosa). 
Journal of Wildlife Diseases 44:717-72.0. 

Andrews, K.M., Gibbons, J.W.,and Jochimsen, D.M. 
2008. Ecological effects of roads on amphibians 
and reptiles: a literature review, in Mitchell,/ .C., 
Brown, R.E.J., and Bartholomew, B. {Eds): Urban 
Herpetology. Society for the Study of Amphibians 
and Reptiles, Salt T.alce City, UT, pp.m-143. 

Anton, T.G. 1994. Observatioll of predatory behavior 
in the regal ringneck snake (Diadophis punctalus 
rcgulis) under ,aptive conditions. Bulletin oft he 
Chicago Herpetological Society 29 :95. 

Anzalone. C .. Kats, t .. and Gordon. M. 1998. 
Effects of solar UV· B radiation on embryonic 
development in H}'la cadaperina. H}'la regilla, and 
u,richu torosa. Conservation Biology 12:646-653. 

Arnold. S.J. and Halliday, T. 1986. Natural history 
notes: Hyla regilla. Predation. Herpetological 
Review 17:44. 

Ashton, D.T .. Marks, S.B .. and Welsh, H.H .. Ir. 
zoo6. Evidence of continued effects from timber 
harvesting on lotic amphibians in redwood 
forests of northwestern California. Forest Ecology 
and Management 221 :183-193. 

Atsatt, S.R. 1913. The reptiles of the San Jacinto area 
of southern California. University of California 
Publications in Zoology 12:31-50. 

Baird, S.F. 1854. Descriptions of new genera and 
species of North American frogs. Pr=edings of 
the Academy of the Natural Sciences of Philadel­
phia 7:59-62. 

Baird. S.F. t858. Description of new genera and 
species of North American lizards in the 
Museum of the Smithsonian Institution. 
Proceedings of the Academy of the Natural 
Sciences of Philadelphia 10:253-z56. 

Baird, S.F. 1859. Report upon the reptiles of the 
route, in E,cplorations and Surveys, R.R. Route 
from the Mississippi River to the Pacific Ocean, 
1853-56. Vol. 10. Williamson's Route. Zoological 
Report. Part 6. Number 4, Washingron. DC. 

pp.37-45. 

Baird, S.F. and Girard, C. 1852. Descriptions of new 
species of reptiles collected by the U.S. exploring 
expedition under the command of Capt. Charles 
Wilkes. Proceedings of the Academy of the 
Natural Sciences of Philadelphia 6:174-177. 

Baird. S.F. and Girard. C. 1853a. Catalogue of North 
American Reptiles in the Museum of the 
Smithsonian Institution. Part[: Serpents. 
Smithsonian Institution. Washington, DC. 

Baird, S.f. and Girard, C. 1853b. Communication by 
Mr. Charles Girard on behalf of Prof. Baird and 
himself: upon a species offrog and another toad. 
Proceedings of the Academy of Natural Sciences 
of Philadelphia 6'378-379. 

Baldwin, K.S. and Stanford. R.A. 1987. Natural 
history notes: Ambyst,m112 ligrinum californiense. 
Predation. Herpetological Review 18:n. 

Balfour, P.S. and Ranlett, J. 2006. Natural history 
notes: Spea hammondii. Predation. Herpetologi• 
cal Review 37:212. 

Ballesteros•Barrera. C .. Martinez-Meyer, E., .and 
Gadsden, H. 2007. Effects ofland•cover 
transformation and climate change 011 the 
distribution of two microendemic lizards. genus 
Uma, of northern Mexico. Journal of Herpetology 
4173}-740. 

Bancroft, B.A.. Baker, N.f .• Searle. C.L., G3rcia. T.S., 
and Blaustein, A.R. 2008. l.arval amphibians seek 
warm temperatures and do not avoid harmful 
UVB radiation. Behavioral F.cology 19:879-866. 

Ranta, B.H. 196). Remarks upon the natural 
history of Gerrl1ono1us panaminlinltS Stebbins. 
Occasional Papers of the California Academy of 
Science 36:1-12. 

Banta. B.H . .ind Leviton, A.E. 1961. Mating 
behavior of the Panamint Lizard, Gerrhonotus 
panaminlinus Stebbins. Herpetologica 
17:204-206. 

Banta, B.H., Mahrdt, C.R .. and Beaman. K.R. 1996. 
Elgaria panaminlina. Catalogue of American 
Amphibians and Reptiles 62!):I-4. 

Banta, B.H. and Moraflr.a. D.J. 1968. An annotated 
cheddist of the recent amphibians and reptiles of 
the Pinnacles Nation.ii Monument and Bear 
Valley. San Benito and Monterey counties. 
California, with some e.::ological observations. 
The Wasmann Joumal of Biology 26:161-183. 

Barrows, C.W. 2006. Population dynamics of a 
threatened sand dune lizard. The Southwestern 
Naturalist 51: 514- 523. 

Barrows. C.W. 2012. Temporal patterns ofabun­
dance of arthropods 011 sand dunes. The 
Southwestern Naturalist 57:262-266. 

Barrows. C.W. ~nd Allen. M.F. 2007. Persistence 
and loc~l extinctions of endangered lizard Uma 



inornaw on isolated habitat patches. Endangered 
Species Research 3:61-68. 

Barrows, C.W. and Allen. M.F. 1,009. Conserving 
species in fragmented habitats: population 
dynamics of the flat-tailed homed lizard. 
Phrynosoma mcallii. The Southwestern Naturalist 

54:307-316. 
Barrows, C.W. and Allen, M.F. 2010. Patterns of 

occurreru:e of reptiles across a sand dune land· 
scape. Journal of Arid Envir<1nments 74:186-192. 

Barrows, C.\V., Allen. E.B .. Brooks. M.L., and Allen. 
M.F. ioo9. Effects of an invasive plant on a 
desert sand dune land.scape. Biological Invasions 
n:673-686. 

Barrows, C.W. Allen, M.F., and Rotenberry, J.T. 
2006. Boundary processes between a desert 
sand dune community and an encroaching 
suburban landscape. Biological Conservation 
IJJ:486-494. 

Barrows. C.W., Preston, K., Rotenberry, J.T., and 
Allen, M. 2008. Using occurrence records tQ 

mod.el historic distributions and estimate habitat 
losses for two psammopltilic lizards. Biological 
Conservation 14 t: 1885-x893, 

Barrows, C.W., Rotenberry, J.T., and Allen, M.F. 
2010. Assessing sensitivity to di mate change and 
drought variability of a sand dune endemic 
lizard. Biological Conservation 143::7)1-736. 

Barry. S.J. and Fellers. G.M. :io13. History and 
status of the California 1ed-legged frog (Rana 
draytoniil in the Sierra Nevada, California, USA. 
Herpeto]ogical Conservation and Biology 
8:456-502. 

Barry, S.J. and Jennings, M.R. 1998. Eutaeniu 
sirtalis tetrataeni11 Cope in Yarrow, 1875 and 
Coluber infermilis Blainville. 1835 (Currently 
Thamnophis s. ~tniiaenia and T. s. infem11lisl: 
proposed conservation of usage of the subspecific 
names by the designation of a neotype for T. s. 
inforn11lis (Case 3012). Bulletin ofZoological 
Nomenclature 55:224-:228. 

Beauchamp, 8., Wone. 8., Bros. S .. and Kutilek. M. 
1998. Habitat use of the Aat-tailed homed lizard 
( Phry/1.0Soma rn,allii) in a disturbed environment. 
Journal of Herpetology p :210-216. 

Beck. D.D. 1985. The Natural History, Distribution 
and Present Status of the Gila Monster in Utah. 
Utah Division of Wildlife Resources, Nongame 
Section, Salt Lake City. 

Beck, D.D. 1990. Ecology and behavior of the Gila 
monster in southwestern Utah. Journal of 
Herpetology 24:54-68. 

Beck, D.D. 2.oos. Biology of Gila Monsters and 
Beaded lizards. University of California Press. 
Berkeley. 

Becker, D. and Henderson, B. 2.010. Notes on 
Owens River Ranii pipiens Habitat Assessment. 
Unpublished Report prepared on April ;u. 

Belden. L.K .. Moore, l.T., Mason, R.T., Wingfield, 
J.C., and Blaustein, A.R. 2003. Survival. the 
hormonal stress response and UV-B avoidance in 
<:ascades frog tadpoles ( R11n11 c11Scadae) exposed to 
UV-B radiation. Functional Ecology •T409-416. 

Bell, J.L., Sloan, L.C .. and Snyder. M.A. 2004. 
Regional changes in extreme climatic events: a 
future climate scenario. Journal of Climate 
17:81-87. 

Bell, M.A. and Haglund, T.R.1978. Selective 
predation of threespine sticklebacks (Casteros1e11s 
aculeatus) by garter snakes. Evolution 
32:304-319. 

Bellemin, J.M. and Stewart, C.R. 1977. Diagnostic 
characters and color convergence of the garter 
snakes Thamnopkis elega11s UrrtSlris and 
Thamnopl1i~ wuchii aJrat11~ along the central 
California coast. Bulletin of the Southern 
California Academy of Scienc;es 76:n-84. 

Berger, L., Speare. R .. Daszak, P., Green, D.E., 
Cunningham, A.A., Goggin, C.L., Slocombe, R. 
et ~I. 1998. Chylridiomycosis causes amphibian 
mortality associated with population dee lines in 
the rain forests of Ausllalia and Central America. 
Proceedings of the National Academy of Sciences 
of the United States of America 95:90;1-9036. 

Bezy. R.L. 1967. A new night lizard (Xantusia vigilis 
si'1me) from the southern Sierra Nevada in 
California. Journal of the Arizon3 Academy of 
Science 4:163- 167. 

Bezy, R.L. 2009. Xanl1l-Sia sierra, in [ones, L. and 
Lovich. R. (Eds): Lizards of the American 
Southwest: A Photographic Field Guide. Rio 
Nuevo Publishing. Tucson. AZ. pp.432-4~5. 

Bezy, R.I.., Gorman, G.C .. Kim, Y,J.. and Wright. 
J.W. 1977. Chromosomal and genetic divergence 
in the fossorial lizards of the family Anniellidae. 
Systematic Zoology 26:57-71. 

Bczy, R.L. and Sites, J.W. 1987. A preliminary study 
of allozyme evolution in the lizard family 
Xantusiidae. Herpetologica 43:280-292. 

Bezy. R.L. and Wright. J. 1971. Karyotypk variation 
and relationships of the California legless lizard, 
A1111iella pulchra Gray (Reptilia: Anniellidae). 
Herpetological Review 371-,:l. 

Bicket, J.C. 1982. Geographic distribution: 
l·leloderma suspe"lum cinttum. Herpetological 
Review 13: 131. 

Bickham, J.W., Lamb, T., Minx, P., and htton. J.C. 
1996. Molecular systematics of the genus 
Cle1m11ys and the intergeneric relationships of 
emydid turtles. Herpetologica 52:89-97. 

LIHRATUP.E CITU> )13 



Biek. R .. Mills. L. and Rury. R. 2002. Terrestrial 
and stream amphibians across dear.::ut-forest 
interfaces in the Siskiyou Mountains, Oregon. 
Northwest Science 76:129-140. 

Blanchard. F.N. 1924. A new snake of the genus 
Arizona. Occasional Papers of the Museum of 
Zoology 150:1-5. 

Blanchard, F.N. 1942. The ring•neck snakes, genus 
Dia,fophis. Bulletin of the Chicago Academy 
Sciences 7:1-144. 

Blaustein. A.R. and O'Hara. R.K. 1987. Aggregation 
behaviour in Rana cascadae tadpoles: association 
preferences among wild aggregations and 
responses to non-kin. Animal Behaviour 
JP549-1SiS· 

Blaustein, A.R .. Romansic, J.M., Scheessele. E.A .. 
Han. B.A .. Pessier, A.P., and Longcore, J.E. zoo~. 
lnterspecilic variation in susceptibility of frog 
tadpoles to the pathogenic fungus Barra. 
chochytri"m dendrobatidis. Conservalion Biology 
19:1460-1468. 

Blouin, M.S .. Phillipsen. I.C .. and Monsen, K.f. 
2010. Population ~tructure and conservation 
genetics of the Oregon spotted frog, Rima 
pre1iosa. Conservation Genetics 11:2179-2194. 

'Bobi:ien. S. and DiDonato. J. -:1,007. The status of 
California tiger salamander (Ambysloma 
talifomieMe), California red-legged frog (Ran.a 
drayto11H). foothill yellow-legged frog (Rana 
~oylii), and other aquatic herpetofauna in the 
East Bay Regional Park District. California. 
Report available from EBRP, Oakland, CA. 

Bogtrt. C.M. 1930. An annotated list of the 
amphibians and reptiles of Los Angeles County, 
California. Bulletin of the Southern California 
Academy of Sciences 29:3-14. 

Bogett, C.M. 1935. SaJvadom gmlrnmiae virgultea, a 
new subspecies of the patch-nosed snake. 
Bulletin of the Southern California Academy of 
Sciences 34:88-94. 

Bogert, C.M. 1939. A study of the genus Salvadora. 
the patch nosed-snakes. Publication in Biological 
Sciences, University of California at Los Angeles 
1:177-236. 

Bogert, C.M. 1945. Two additional races of the 
patch-nosed snake, Salvadom ~x<1lepis. Ameri­
.:an Museum Novitatcs 12Sp-t4. 

Bogert. C.M. and Martin del Campo. R. 19s6. The 
Gila monster and its allies: the ~lationshipi;, 
habits. and behavior of the li;,;ards of the family 
Helodermatidae. Bulletin of the American 
Museum of Natural History 109:1-238. 

Bolster, B.C. (Ed.J. 1998. Terrestrial Mammal 
Species of Special Concern in California. Draft 
Final Report prepared by P.V. Brylski, P.W. 

314 LITUATlTP.1 CIT1O 

Collins, E.D. Pierson. W.E. Rainey and T.E. 
Kucera. Report submitted to California Depart• 

ment of Fish and Game Wildlife Management 
Division, Nongame Bird and Mammal Conserva• 
tion Program for Contract No. FG3146WM. 

Bolster. B.C. 2.010. A status review of the California 
tiger salamander (Am&ystoma californieme). 
California Department of Fish and Game, 
Nongame Wildlife Program Report 2010-4. 99pp. 

Bolster, B.C .. King. T., and Robbins, M. 2.000. 

Distribution of Mojave and Colorado Desert 
fringe-toed lizards, Uma scoparia and Uma 
notatll notata. California Department of Fish and 
Came, Habitat Conservation Division. 
Sacramento. 

Bonham, C. and Lockhart, M. 2011. A Status 
Review of the Mountain Yellow-Legged Frog. 
Reporl to the Fish and Game Commission, 
California Department of Fish and Game. 
Sacramento. 

Bonney, R .. Cooper. C.B .. Dickinson, J .. Kelling, S .. 
Phillips. T., Rosenberg, K.V .. and Shirk.[. 2009. 
Citizen sdence: a developing tool for expanding 
science knowledge and scientific literacy. 
BioScience 59:977-984. 

Boorse, C.C. and Denver. R.J. 2003- Endocrine 
mei:hanisms underlying plasticity in metamor­
phic timing in spadefool toads. Integrative and 
Comparative Biology 43:646-657. 

Bostic, D.L. 1971. Herpetofauna of the Pacific Coast 
of north centul Baja California. Mexico, with a 
description of a new subspecies of Pliyllodacly/us 
xanti. Transactions of the San Diego Society of 
Natural History 16:237-263. 

Boundy, J. 1990. Biogeography and Variation in 
Southern Populations of the Garter Snake 
Thamoophis <1tratus, with a Synopsis of the T. 
couchii Complex. M.lster's Thesis. California 
State University. San [ose. 

Boundy. J. and Balgooyen, T.C. 1988. Record 
lengths for some amphibians and reptiles from 
the western United States. Herpetological Review 
19:26-2.7. 

Boundy,[. and Rossman, D.A.. 1995. Allocation and 
status of the garter snake names CoJuber 
infernalis Blainville, Eurnenia sirtalis 1e1ra1aenia 
Cope and Eut11enia imperialis Coues and Yarrow . 
Copeia 1995:236-240. 

Bo\lrque. R.M. zoos. Spatial Ecology of an Inland 
Population of the Foothill Yellow-Legged Frog 
(Ra1w boylii) in Tehama County. California. 
Master's Thesis. Humboldt State University. 
Ar<:ata, CA. 

Bowerman, J. and Pearl, C.A. 2010. Ability of 
Oregon spotted frog (Rana pretio.sa) embryos 



from central Oregon to tolerate low temperatures. 
Nouhwestem Naturalist 9c:198-202. 

Bradford, D.F .. Gordon, M.S., Johnson, D.F .. 
Andrews. R.D., and Jennings, W.B. 1994. Acidic 
deposition as an unlikely cause for amphibian 
population dedines in the Sierra Nevada, 
California. Biological Conservation 69: 155-161. 

Bradford, D.F., faeger, J.R., and Jennings, R.D. 
2004. Population status and distcibution of a 
decimated amphibian. the relict leopard frog 
( Ranci cmca). The Southwestern Naturalist 
4~):2.18-228. 

Bradford. D.F., Swanson, C., and Gordon, M.S. 
199:i. Effects oflow pH and aluminum on two 
declining species of amphibians in the Sierra 
Nevada, California. I ournal of Herp.,,tology 
26:369-377-

Bradley, G.A., Rosen, P.C., Sredl, M.J .. Jones, T.R., 
and Longcorc, J.E . .2002. Chytridiomycosis in 
native Arizona frogs. Journal of Wildlife Diseases 
38:206-2.1.2. 

Bradley. W.G. and Deacon. f.E. 1966. Distribution 
of the Gila mon~tei in the northern Mojave 
Desert. Copcia 1966:365-366. 

Brame, A.H., Jr. 1956. Tl1e number of eggs laid by 
the California newt, T11richii toro5a. Herpetolog­
ica 12:325. 

Brame. A.H., Jr. 1968. The number of egg masses 
and eggs laid by the California newt, Taricha 
lorosa. journal of Herpetology 2:169-170. 

Brame, A.H. and Murray. K.F. 1968. Three new 
slender salamanders ! Balrachoseps) with a 
discussion of relationships and spcciation within 
the genus. Bulletin of the Natural History 
Museum oflos Angeles County 4:1-35. 

Brattstmm, B.H. 1951. The number of young of 
Xanlusia. Herpetologica T 143-144. 

Brattstrom. B.H. 1952. The food of the nightliz.ards. 
genus Xa11tusia. Copeia 1952:168-172. 

Brattstrom. B.H. 1963. A preliminary review of the 
thermal requirements of amphibians. Ecology 
44:.238-25~. 

Brattstrom, B.H. 1965. Body temperatures of 
reptiles. The American Midland Naturalist 
73:376-422. 

Brattstcom, B.H. 1988. Habitat destruction in 
California with special cefereni:e to Clemmys 
marmorata: a perspective. in De I.isle. H.F.. Brown. 
P.R., Kaufman. B.,and M(Cmty, B.M. (Eds): 
Proceedings oftl1e Cot1fart11cco11 California Herpetol­
ogy. Special Publiwtion no. 4. Southwestern 
Herpetologists Society, Van Nuys, CA. pp.1}-24. 

Brattstcom, B.H.1997. Status of the subspecies of 
the coast horned lizard, f>hry,1osoma coronalum. 
Journal of Herpetology 31:434-436. 

Brattstrom. B.H. and Bondello. M.C. 1979. The 
effect of ORV sounds on the emergeru:e of 
Couch's spadefoot toad, Scapliicpus couckii. 
Bureau of Land Management, Riverside, CA. 

Brattstrom. B.H. and Bondello. M.C. 19&3. Effects 
of off•ro:id vehicle noise on desert vertebrates, in 
Webb, R.H. and Wilshire, H.G. (Eds): Environ• 
mental Effects of Off-Road Vehides: Impacts and 
Manag<::ment in Arid Regions, Springci-Verlag, 
New York. pp.167-206. 

Braltstrom. 13.H. and Warren. J.W. I95~- A new 
subspe<ies of racer, Mastic,>pkis flagellum. from 
the San Joaquin Valley of California. Herpetolog• 
ica 9:177-179. 

Brehme, C.S. 1.003. Responses of Small Terrestrial 
Vertebrates to Roads in a Coastal Sage Scrub 
Ecosystem. Master's Thesis. San Diego State 
University. San Diego, CA. 

Briggs, C.J .. Knapp. R.A.. and Vredenburg, V.T. 
2010. Enzootic and epizootic dynamics of the 
chytrid fungal patlv:,gi:n of amphibians. 
Proceedings of the National Academy of Sciences 
107:9695-9700. 

Briggs, L.J. 19&7. Breeding biology of the cascade 
frog, Rana cascadae, with comparisons to R. 
aurora and R. prelios11. Copda 1987:24r-245. 

Brode, J.M. 1967. Occurrence of Ambystomu 
macrodacJylum in the Warner Mountains of 
northeastern California. Herpetologica 
2n1s-316. 

Brown, D.E. and Carmony. N.B. 1991. Gila Monster: 
Jlacls and Folklore of America's Aztec lizard. 
High Lonesome Books, Silver City. NM, 13opp. 

Brown, M.A. c967. Embryonic temperature 
adaptations and genetic compatibility of two 
allopatric populations of the spadefoot toad, 
SC<lphiopus hammondii. Evolution 21:742-761. 

Brown, H.A. 1969. The hea.t resistance of some 
anuran tadpoles (Hylidae and Pelobatidae). 
Copeia 1969:138-147. 

Brown. H.A. 1975a. Temperature and development 
of the tailed frog Ascaphus lruei. Comparative 
Biochemistry and Physiology A. 50:397-406. 

Brown, H.A. 1975b. Reproduction and development 
of the red-legged frog . .Rima ourora, in northwest­
ern Washington. Northwest Science 49:241- 252. 

Brown. H.A. 1976. The status of California and 
Arizona populations of the western spadefoot 
toads (genus Scaphiopus). Natural History 
Museum of Los Angeles County Contributions in 
Science 286:1-15. 

Brown. H.A. 1977. Oxygen-consumption ofa large, 
cold-adapted frog egg (Ascciphus lmei (Amphibia• 
Ascaphidae). Canadian Journal of Zoology 
55=343-34&. 

llTUATl/11.E CITEO 315 



Brown, H.A. 1990. Morpholasical variation and 
age-class determination in overwintering 
tadpoles of the tailed frog Ascapluis lrn•i. Journal 
of Zoology 220:171-184. 

Brown, T.K .. Lemm. J.M .. Montagne. J .. Tracey, f.A .. 
and Alberts, A.C. 2008. Spatial e<:ology, habitat 
use, and survivorship of resident and tunslo­
~ated red diamond 1attlesnakes (Croll'l11$ ruber), 
in Hayes, W.K., Beaman, K.R., Cardwell, M.D .. 
and Bush, S.P. (Eds): The Biology of Rattlesnakes 
Symposium. Loma Linda University Press, Loma 
Linda, CA. 

Brown, T.W. 1980. Present status of the garter 
snake on Santa Catalina Island, in Power, D.M. 
(Ed.): The California Islands: Proceedings of a 
Multidisciplinary Symposium, Santa Barbara 
Museum of Natural History. Santa Barbara, CA, 

pp.585-595. 
Bryant, H.C. 1911. The homed lizards of California 

and Nevada of the genera Phrynosomo and Anota. 
University of California Publications in Zoology 
9:1-84. 

Bryant, H.C. 1917. The leopard frog in California. 
California Fish and Game 3:91. 

Buck, J.C., Truong, L., and Blaustein, A.R. 2011. 

Predation hy zooplankton on Batrachochytrium 
dendrobatidis: biological control of the deadly 
amphibian chytrid fungus? Biodiversity and 
Conservation 2.0:3549-3553. 

Bulger, J.'B., Srott, N.J., and Seymour, R.B. 2.003. 
Terrestrial activity and conservation of adult 
California red-legged frogs Rtina aurora dray1011ii 

in coastal furests and grasslands. Biological 
Conservation no:85-95. 

Bull, E.L. and Carter, B.E. 1996. Tailed Frogs: 
Distribution, Ecology, and Association with 
Timber Harvest in Northeastern Oregon. 
USDA Forest Service Research Paper PNW•RP· 
4971-11. 

Bunck, C.M., Burns, K.L., Green, D.E., Knickel­
bein, B.A .. Schw.idct, J.E .. Smith, D.J., and 
Wright. S.D. 2009. National Wildlife Health 
Center: Health &: Disease Surveys of Declining 
Amphibian Populations at Region~I ARMI 
Monitoring Sites. Unpublished Report. 

Bunn, D., Mummert. A .. Hoshovsky. M., Gilardi, 
K .. and Shanks, S. 2007. California Wildlife: 
Conservation Challenges; Califomia's Wildlife 
Action Plan, Sacramento, CA. 

Burgess, R.C., Jr. 1950. Development of spade-foot 
to~d larvae under l~boratory conditions. Copcia 
1950:49-sr . 

.Burke, R.L., Leuteritz, T.E .. and Wolf, A.(. 1996. 
Phylogenetic relationships of emyditte turtles. 
Herpetologica 52:572-584. 

316 l,ITERATURE CITEO 

Burkholder, L. L. and Diller, L.V. 2007. Life history 
of postmetamorphic coastal tailed frogs 
(As,aphus truei) in northwestern California. 
[ournal of Herpetology 41:2.51-262.. 

Burragl1, B.R. 1965. Notes on the eggs and young of 
the lizards Cerrhonotus multicarinatus webbi and 
C. m. nanus. Copeia 1965:512. 

Burt, C.E. J931. An interpretation of certain 
experimental and observational data on the 
limbless lizard, AMiella purchra Gtay. Copeia 
1931:105-!06. 

Bury, R.B. 1968. The di~tribution of Ascuplms lruei 

in California. Herpetologica 24:}9-46. 
Bury. R.B. 19701. A biogeogr.iphic analysis of the 

herpetofauna of Trinity County, California. 
Journal of Herpetology p65-r78. 

Bury, R .B. 1970b. Food similarities in the tailed 
frog, Ascaphus truei, and the Olympic salaman­
der, Rliyacotrito11 olympi.us. Copeia 
1970:170-171. 

Bury, R.B. 1972. Small mammals and other prey in 
diet of Pacific giant salamander l Dic!lmptodon 
ensotus). The American Midland N.ituralii:t 
87:524-526. 

Bury, R.B. 1986. Feeding ecology of the turtle, 
Clemmys mQrmorata. Journal of l-lerpetology 
2.0:515-521. 

Bury. R.B. 2005. Dicomptodo11 wsatus, in Lannoo, 
M.(. (Ed.): Amphibian Declines: The Conserva­
tion Status of United States Species, University of 
California Press, Berkeley, pp.653- 654. 

Bury, R.B. 2008a. Do urban areas favor invasive 
turtles in the Pacific. Northwest. in Mitchell, J.C .. 
Brown, R.E.(., and Bartholomew, B. (Eds): Urban 
Herpetology, Society for the Study of Amphib• 
iaus and Reptiles, Salt Lake City, UT. pp.343-345. 

Bury. R.B. 2008b. Low thermal tolerances of stream 
amphibians in the Pacific Northwest: implica• 
tions for riparian and stream management. 
Applied Herpetology 5:63-74. 

Buzy, R.B. and Adams, M.J. 1999. Variation in age 
at metamorphosis across a latitudinal gradient 
for the tailed frog, Auaphus lruei. Herpetologica 
5r283-291. 

Bury, R.B. and Balgooyen, T. 1976. Temperature 
sele<livit:y in legless lizard. Anniella pulchra. 
Copeia 1976:1p-155. 

Bury, R.B. and Corn. P.S. 1988. Douglas-fir forests 
in the Oregon and Washington Cascades: relation 
of the herpetofauna to stand age and moisture, in 
Szaro, R.C., Severson, K.'F.., and P~tton, D.R. 
(Eds): M,magement of Amphibians, Reptiles, and 
Small Mammals in North America. General 
Technical Report RM-166. United States 
Department of Agriculture Forest Service. Rocky 



M<n1ntain Forest and Range Experiment Station, 
Fon Collins. CO. pp.11-:1.2. 

Bury. R.B., Com. P.S., Aubry. K.B., Gilbert, F.F., 
and Jones. L.L.C. 1991. Aquatic amphibian 
communities in Oregon and Washington. in 
Ruggiero. L.F .. Aubry. K.B .. Carey. A.B., and 
Huff. M.H. (lids): Wildlife and Vegetation of 
Unmanaged Douglas-Fir Forests, United States 
Department of Agriculture, Forest Service, 
General Technical Report PNW-GTR-285, 
pp.353-362. 

Bury, R.B., fellers, G.M., and Ruth, S.B. 1969. First 
records of Plethodon duntti in California. and new 
distribution3l data on Ascaplms irnei. Rhyacotri• 
ton olympici.s, an.d Hydrom,m~s shasuie. Journal 
of Herpetology }:t57-r61. 

Bury, R.B. and Germano. D.J. 2008. Acti11emys 
m1mnorata (Baird and Girard 1852.) western pond 
turtle, Pacific pond turtle, in Rhodin, A.G.J., 
Pritchard, P.C.H .. van Dijk. P.P., Samure, R.A.. 
Buhlmann, K.A. and Iverson, l,B. (Eds): 
Conservation Biology of Freshwater Turtles and 
Tortoises. Chelonian Monograph No. 5. Chelo­
nian Research Foundation. Lunenberg. MA. 
pp.1.1-1.9. 

Bury. R.8. and Martin, M. 1967. The food of the 
sahmandrr R/1yarotrito11 ol1•mpic~. Copeia 
HJ67:487. 

Bury. R.6., Welsh. H.H .. Jr .. Germano, D.j., Ashton, 
D.T. (Eds). 2.012. Western Pond Turtle- Biology, 
Sampling Te,:hniques, lnvento1y and Monitoring, 
Conservation, and Management: Northwest 
Fauna No. 7. The Society for Northwestern 
Vertebrate Biology. Olympia. WA. 128pp. 

Calef, G.W. 1973. Natural mortality of tadpoles in a 
population of Rana Aurora. Ecology 54741-758. 

California Climate Action Team. 2006. Climate 
Action Team Report to Governor Schwarzeneg• 
ger and the Legislature. California Environmcn• 
tal Protection Agency, Sacramento. 

Caltrans. 2012. Highway Crossings for Herptiles 
(Reptiles and Amphibians). Preliminary 
Investigation requested by Margaret Gabi!. 
Caltrans District 4. Division of Environmental 
Planning & Engineering. 

Camp, C.1 .. 1915. Bcll'l!choseps maior and Bufe 
cognuti,s wlifomicus, new amphibia from 
southern California. University of California 
Publications in Zoology 12.:p7-334. 

Camp. C.L. 1916a. Description of Bu..fo ,a11oms. a 
new toad from the Yosemite National Park. 
University of California Publications in Zoology 
l7'.59-62.. 

Camp, C.L. 1916b. Notes on the local distribution 
and habits of the amphibians and reptiles of 

southeastern California in the vicinity of the 
Turtle Mountains. University of California 
Publications in Zoology 12 :503-544. 

Camp. C.L. 1917. Notes on the systematic status of 
the toads and frogs of California. University of 
California Publications in Zoology J7'.n5-125. 

Carothers. J.ti. 1986. An experimental confirma-
' lion of morphological adaptation: toe fringes in 

the sand-dwelling lizard Uma scoparia. Evolution 
40:871-874. 

Carpenter, C.C. 1963. Patterns of behavior in three 
forms of the fringe-toed lizards (Uma-lguani• 
dae). Copeia 196y406-412. 

Carroll, S .. Ervin. IL and Fisher. R. 2005. Natural 
history notes: TarickQ torora torosa. Overwinte1· 
ing larvae. Herpetologic.al Review 36::197. 

Cary, J.A. 2.010. Determining Habitat Characteri~­
tics That Predict Oviposition Site Selection for 
Pond-Breeding Northern Red-Legged Frogs 
(Rima a11rom) in Humboldt County, California. 
Humboldt State University, Arcata, CA. 

Cary. W. 1889. Biennial report of the fish commis­
sioner of the state of Nevada. Appendix to the 
Journals of the Senate and Assembly 14th 
session, pp.3-7. 

Case, S.M. 1978. Biochemical systematics of 
members of the genus Ran.a native to western 
North America. Systematic Zoology 2.7:2.99-3ll. 

Case, T.J. and Fisher, R.N. 2001. Measuring and 
predicting species presence: coastal sage scrub 
case study, in Hunsaker, C.T., Goodchild, M.F., 
Friedl. M.A .. and Case. T.I. (Eds): Sp~tial 
Uuceitainty in Ecology: implications for Remote 
Sensing and G IS Applications. Springer. New 
York, pp.47-71. 

Catenazzi, A. and Kupferberg. S.J. 2013. The 
importance of thermal conditions to recruitment 
success in stream-breeding frog populations 
distributed across a productivity gradient. 
Biological Conservation 168:40-48. 

Cayan, D.R., Luers, A .. Fr.mco, G .. Hanemann. M., 
Croes. B .. and Vine. E . .2oof,a. Overview of the 
California climate change scenarios project. 
Climatic Change 8p-6. 

Cayan, D.R., Luers, A., Hanemann, M., Franco. G .. 
and Croes, B. 2006. Possible Scenarios of 
Climate Change in California: Summary and 
Recommendations. White paper from California 
Climate Change Center. 

Cayan, D.R., Maurer, E.P., Dettingez, M.D .. Tyree, 
M. and Hayhoe. K . .2008b. Climate change 
scenarios for the California region. Climatic 
Change 87 jSuppl. 1):S.21-S42. 

CBD (Center for Biological Diversity). 2006. 
Petition to list the Amargosa River distinct 

LIHF.ATURE CITED J17 



population segment of the Mojave fringe-toed 
Lizard ( Uma scoparia) as threatened or endan­
gem:1 under the U.S. Endangered Species Act. 

CDFG (California Department offish and Game). 
2008. California Aqu~tic invasive Species 
Management Plan, CDFW, Sacramento, CA. 

CDFW. 2013. Report: A Look Back at CDFW in 
2on.. CDFG. Sacramento. CA. 

Chan, L.M. and Zamudio. K.R. 2009. Population 
differentiation of temperate amphibians in 
unpredictable environments. Molecular Ecology 
18:3185-32.00. 

Chan-McLeod, A.C.A. 2.003. Factors affecting the 
permeability of clcarcuts to red-legged frogs. The 
Journal of Wildlife Management 67:663-671. 

Chan-McLeod, A.C.A. and Moy. A. 2007. Evaluat· 
ing residual tree patches as stepping stones and 
shoit·terrn refugia for red-legged frogs Journal of 
Wildlife Manage-ment. 71:1836-18-44. 

Chan-McLeod. A.C.A. and Wheeldon. n. 2004. 

Natural history notes: Rana aurora. Habitat and 
movement. Herpetologkal Review 35:}75. 

Chang, A.T. and Shaffer, H.B. 2.010. Population 
Genetics ,ind Phylogenetics of Ran11 camld11e in 
the Lassen and Klamath Region. Unpublished 
Report to the United States Forest Service. 

Chelgren. N.D .. Pearl. C.A .. Adams. M.f .. and 
Bowerman, J. 2008. Demography and movement 
in a relocated population of Oregon spotted frogs 
(Rana pretfosaJ: influence of season and gender. 
Copeia :1008:742-751. 

Chelgren, N.D., Rosenberg, D., Heppell, S., and 
Gitelman, A. {2006} Carryover aquatic effects on 
survival of metamorphic frogs during pond 
emigration. Ecological Applications 16:250-26J. 

Chen, X .. Barrows, C.W .. and Li. B. 2.006. ls the 
Coachella Valley fringe-toed lizard ( Vma 
i11ornC1te1) on the edge of extinction a Thousand 
Palms Preserve in California? The Southwestern 
Naturalist 51:28-34. 

Christin, M., Gendron, A.D., Brousseau, P., 
Menard, L., Marcogliese. D.f., Cyr, D .. Ruby, S .. 
and r:ournier, M. zoo3. Effects of agricultural 
pesticides on tile immune system of Rana pipiens 
and on its resistance to p,rasitic infection. 
Environmental Toxicology and Chemistry 
22:1127-1133. 

Clark, R.W .. Brown, W.S., Stechert, R .. and 
Zamudio. K.R. 2oro. Roads, interrupted 
dispersal, and genetic diversity in timber 
rattlesnakes. Conservation Biology 
z4:10~9-1069. 

Clarke, R.F. 1958. An ecological study of reptiles 
and amphibians in Osage County, Kanus. 
Emporia State Research Studies 7:1-52. 

318 LIT1RATUU (:ITfO 

Clarkson, R.W. and Rorabaugh, J.C. 1989. Status of 
!eopa rd frogs ( Ratia pipie11scornplex: Ranid.ae) in 
Arizona and southe;istern California. The 
Southwestern Naturalist 34:531-538. 

Claussen, D.L. 1973. The thermal relations of the 
tailed frog Am1phus lruei and the Pacific tree frog 
H)•la regilla. Comparative Biochemistry and 
Physiology A 44:137-153. 

Cliff. F.S. 1954. Snakes of the islands in the Gulf of 
California, Mexico. Transactions of the San Diego 
Society of Natural History 12:67- 93. 

Coe, W.R. and Kunkel. B.W. r906. Studies on the 
California limbless lizard, Annie/la. Transactions 
of the Connecticut Academy of Arts and 
Sciences. 12:349-403. 

Cole, C.j. 1962. Notes on the distribution and food 
lubits of Bufo alvarius at the eastern edge of its 
range. Herpetologica. 18:172- 175. 

Coleman, J.L., Ford, N.B .. and Herriman, K. 200S. 

A road survey of amphibians and reptiles in a 
bottomland hardwood forest. Southeastern 
Naturalist. 7:139- 348. 

Collins, J.P. and Lewis. M.A. 1979. Overwintering 
tadpoles and breeding season variation in the 
Ran,1 pipiens complex in Arizona. The Southwest­
ern Natur~list 2-F~?l- )7}, 

Collins. J.T. and Taggart. T.W. 2009. Standard 
Common and Current Scientific Names for 
North American Amphibians, Turtles. Reptiles 
and Crocodilians. Center for North American 
Herpetology. Lawrence. KS. 

Comrack, L., Bolster, B., Gustafson, J ., Steele, D., 
and Burket. F.. 2008. Spc<ies of special concern: 
a brief description of an important California 
Department of Fish and Game designation. 
Califomia Department of Fish and Game, 
Wildlife Branch. Nongame Wildlife Program. 
Sacramento. 

Cooper. D.S. and Mathewson, P. 2008. Griffith Park 
Wildlife Management Plan. Report from Cooper 
Ecological Monitoring, Inc., Los Angeles, CA. 

Cooper, ).G. 1869. The naturalist in California. TI1e 
American Naturalist 3:470-4&1. 

Cooper. ).G. J870. The fauna of California and its 
geographical distribution. Proceedings of the 
California Academy of Sciences 1:118-12.3. 

Cope, E.D. 1869. Diagnosis of 1-fofoderma sus~t-
1um. Proceedings of the Academy of Natural 
Sciences of Philadelphia 21:4-5. 

Cope, ll.D. 1883. Notes on the geographical 
dist1ibulion of BatJachia and Reptilia in western 
North America. Proceedings of the Academy of 
Natural Sciences of Philadelphia 35:10-35. 

Cope-, E.D. 1892. A critical review of the characters 
and variations of the snakes of North America. 



Proceedings of the United States National 
Museum 14:589-694. 

Cope. E.D. 1894. On the iguanian genus: U,1111 

Baird. The Americ3n Naturalist :1.8:434-.t35. 
Cope. E.D. 1895a. On some new North American 

snakes. The American Naturalist :1.9:676-680. 
Cope. E.D. 1895b. On the species of Uma and 

Xanmsia. The American Naturalist 29:938-939. 
Corn, P.S. and Bury, R. 1989. Logging in western 

Oregon: responses of headwater habitats and 
stream amphibians. forest Elcology and Manage• 
ment 29:39-~7. 

Corn, P.S. and Fogleman, J.C. 1984. l!xtinction of 
m.ontan.e populations of the northern leopard 
frog ( Rcmci pipiens) in Colondo. Journal of 
Herpetology 18:147-152. 

Com. P.S. and Livo, L.J. 1989. Leopard frog and 
wood frog reproduction in Colorado and 
Wyoming. Northwestern Nat\tralist 70:1-9. 

Cowles, R.B. and Bogert, C.M. r944. A preliminary 
study of the thermal requiremenrs of desert 
lizards. Bulletin American Museum Natural 
History 8r 2.65-296. 

Crayon. J.J. 1988. Natural history notes: R,111a 
calesbia,ui. Diet. Herpetological Review 29:.2.32. 

Crothcr. lU.1009. Are standard names lists 
taxonomic straightjackets? Herpetologica 
Gp29-135. 

Cunningham. J.D. 1955. Arboreal habits of certain 
reptiles and amphibians in southern California. 
Herpetologica 11 :217-220. 

Cunningham, J.D. 19s6, Food habits of the San 
Diego alligatorlizard. Herpetologi<:a 12:.u~-230. 

Cunningham, J.D. 19s9a. Notes on Anniell". 
Herpetologica 15=19-20. 

Cunningham, J.D. 1959b. Reproduction and food 
of some Californfa snakes. Herpctologica 
15=17-19. 

Cunningham. f.D. 1962. Observations on the 
natural history of the California toad, Bufe 
ca.lifornicus Camp. Herpetologica 1r255-260. 

Cunningham, J.D. 1963, Additional observations on 
the ecology of the Yosemite toad, Bufo c,rnorus. 
Herpetologica 19:s6-61. 

Cunningham, J.D. 1966. Additional observations 
on the body temperatures of reptiles. Herpet,:,log• 
ica 2.2.:184-189. 

Cushman, K.A. and Pearl, C.A. ;i.007. A Conserva­
tion Assessment for the Oregon Spotted Frog 
(Rana prttiosP). Unpublished Report to USDA 
Forest Service Region 6. 46pp. 

Dalrymple, G.H .. Steiner, T.M .. Nodell, R.[., and 
Bernardino, F.S., Jr. 1991. Seasonal activity of the 
snakes of Long f'inc Key. Everglades National 
Park. Copei, 1991:294-,02.. 

D'Amore, A .. Hemingway. V., and Wasson. K. 2010. 
Do a threatened native amphibian and its 
invasive congener differ in response to human 
alteration of the landscape? Biological Invasions 
12.:145-154. 

D'Amore, A., Kirby. E., and McNicholas, M. 2009. 
Invasive species shifts ontogenetic res,:,urcc 
partitioning and microhabitat use of a threatened 
native amphibian. Aquatic Conservation: Marine 
and Freshwater Ecosystems 19:534-541. 

Davidson, C. 2004. Declining downwind: amphib• 
ian population declines in California and 
historical pesticide use. lkological Applications 
14:1892-1902. 

Davidson, C. 2010. Natural history notes: Rana 
draylonii. Prey. Herpetological Review 41:66. 

Davidson, C .. Benard, M., Shaffer, H .. Parker, r .. 
O'Leary, C .. Conlon. J .. and Rollins-Smith. L. 
2007. Effec.ts of chytrid ~nd carbaryl exposure on 
survival. growth and skin peptide defenses in 
foothill yellow•legged frogs. Environmental 
Science and Technology 41:1771-1776. 

Davidson, C. and rellers, G.M. 2005. Bufo canoms. 
in Lannoo. M.J. (Ed.): Amphibian Declines: The 
Conservation Status of United States Species, 
University of California Press, Berkeley. 
pp.400-401. 

Davids,:,n, C., Shaffer, H.B .. and Jennings. M.R. 
2002. Spitial tests of the pe-sticide drift. habitat 
de~truction, UV·B, and climate change hypothe• 
ses for California amphibian declines. Conserva• 
tion Biology 16:1588-1601. 

Davidson, C., Stanley, K., and Simonich. S.M. 2012. 

Contaminant residues and declines of the 
Cascades frog ( Rana casrodae) in the California 
Cascades, USA. Environmental Toxicology and 
Chemistry 31:1895-r902. 

Davis, M.A. and Heathcote.[. 2007. The price and 
quantity of residential land in the United States. 
fournal of Monetary Economics 54:2595-2620. 

De I.isle, H.F. 1979. Gila monster {Heloderma 
suspeclum) found in California. Herpetology 
(Southwestern Herpetologists Society) 10:5-7. 

De Lisle, H.F. 1983. Banner year for California 
Gilas. Herpetology (Southwestern Herpetologists 
Society) 1p1. 

De Lisk, H., Canton. G .. Feldner. J., O'Connoi, P., 
Peterson, M., and Brown, P. 1986. The dimibu• 
tion and present status of the herpetofauna of the 
Santa Monka Mountains of Los Angeles and 
Ventura counties, California. Special Publication 
No. 2. Southwestern Herpetologists Society, Van 
Nuys, CA. 

de Queiroz. K. and Reeder, T.W. 2008. Sq\lamata: 
Lizards. in Crother, B.I. (Ed.): Scientific and 

UTUATVRl CLT10 319 



Standard English Names of Amphibians and 
Reptiles of North America North of Mexico, with 
Comments Regarding Confi.denc<:: in Our 
Understanding. Society for the Study of A mphib­
ians and Reptiles Herpetological Circular, Salt 
Lake City, UT. pp.24-45. 

De Ylarning. Y.l. and Bury, R.B. 1970. Thermal 
selection in tadpoles of the tailed frog Am1phus 
truei, Journal of Herpetology 4: 179-1&9. 

Degenhardt, W.G., Painter. C.W .. and Price, A.H. 
1996. Amphibians and reptiles of New Mer.ico. 
University of New Mexico Ptess, Alburquerque, 
NM. 

Dejean, T., Valentini, A., Dupa1c, A., Pdlier-Cuit, 
S., l'ompanon, F., Taberlet. P., and Miaud, C. 
20n. Persistence of environmental DNA in 
freshwater ecosystems. PLOS ON£ 6:e2~J98. 

Denver. R.f. 1997a. Environmental stress as a 
developmental cue: corticotropin-releasing 
hormone is a proximate mediator of adaptive 
phenotypic plasticity in amphibian metamorpho, 
sis. Hormones and Behavior 3c:169-179. 

DenveT, R.J. 1997b. Proximate mechanisms of 
phenotypic plasticity in amphibian metamorpho­
sis. Integrative and Comparative Biology 3Tr72. 

Denver. R.J .. Mirhadi. N .. and Phillips. M. 1998. 
Adaptive plasticity in amphibian metamorphosis: 
response of Scaphiopus hammondii tadpoles to 
habitat desiccation. Ecology 79: 1859-1872. 

Dethlefsen, l!.S. 1948. A subterranean nest of the 
Padfa giant salamander, Dicamplodon ensalus 
{Eschscholtz). The Wasmann Collector 7:81-84. 

Dever, J.A. 2007. Fine-scale genetic structure in tile 
threatened toothill yellow-legged frog (Rana 

hoylii). Journal of Herpetology 41:168-173-
Dickinson, J.L.. Zuckerberg. 8., and Bontec. D.N. 

2oro. Citizen science as an ecological research 
tool: c:hallenges and benefits. Annual Review of 
Ecology, Evolution. and Systematics 41:149-172. 

Dickman, M. 1968. The effect of grazing by 
tadpoles on the structure oh periphyton 
community. Ecology 49:1188-1190. 

Dill, W.A. 1944. The fishery of the lower Colorado 
River. California Fish and Game. 30:109-ur. 

Diller, L.V. and Wallace. R.L.1996. Distribution 
and habitat of Rhyacotriton variegatus in man• 
aged, young growth forests in north coastal 
California. fournal of Herpetology 30:184-191. 

Diller, L.V. and Wallace, R.L. 1999. Distribution 
and habitat of Aswplms truei in streams on 
managed, young growth forests in north coast.al 
California. Journal of Herpetology 33:71-79. 

Dimmitt, M.A. and Ruibal. R. 1980a. Environmen­
tal conelates of emergence in spadefoot toads 
(Staplliop11s). Journal of Herpetology 14:2r-29. 

}20 I.ITERATURE CITED 

Dimmitt, M.A. and Ruibal. R. 1980b. Exploitation 
of food resources by spadefoot toads (Sc,1phiopus). 
Copeia 1980:854-862. 

Dixon, J.D. 1975. Geographic distribution: Cer• 
rhonot1<s p«namiminus. Herpetological Review 

6:45. 
Dixon. J.R. c967. Amphibians and Reptiles ofLos 

Angeles County. Los Angeles Museum of Natural 
History. Los Angeles. Cf\. 

Dole, J .W. 1967. The role of substrate moisture and 
dew in the water economy ofloopard frogs, Ra11a 

pipiens. Copeia 1967: 141-149. 
Dole. ).W. 1971. Dispersal of recently metamor­

phosed leopard frogs, Ram1 pipirns. Copeia 
1971:221-228. 

Doubled~. R.A., Mueller, E.B., and Nisbet. R.M. 
2003. Bullfrogs. disturbance regimes. and the 
persistence of California red-legged frogs. 
Journal of Wildlife Management 6r424-438. 

Douglas, M., Douglas, M., Schuett, G .. Beck, D .. and 
Sullivan, n. 2010. Conservation phylogenetics of 
helodetmatid lizards using multiple molecular 
markers and a supertree approach. Molecular 
Phylogenetics and Evolution 55:153-167. 

Drennan, J.E .. Jackman, R.E., Marlow, D.R .. and 
Wiseman. K.D. 2006. Identifying climatic and 
water flow triggers associated with breeding 
activities of a foothill yellow-legged frog ( Rana 
boylii) population on the North Fork Feather 
River, California. Carcia and Associates, San 
Francisco, CA. 

Drost, C.A. and Fellers, G.M. i996. Collapse of a 
regional frog fauna in the Yosemite area of the 
California Sierra Nevada. U.S.A. Conservation 
Biology 10:414-42.5. 

Dugan, E.A .. Figueroa, A .. and Hayes. W.K. 2008. 
Home range size. movements. and mating 
phenology of sympatric red diamond (Crotalus 
ru&er) and southern Pacific {C. oreganus heUeri) 
rattlesnakes in southern California, in Hayes, 
W.K., Beaman, K.R., Cardwell, M.D., and Bush, 
S.P. (Eds): The Biology of Rattlesnakes Sympo• 
sium, Loma Linda University Press. Loma Linda. 
CA, pi>-353-364. 

Dugan. E.A. and Hayes. W.K. 2012. Diet and 
feeding ecology of the red diamond rattlesnake, 
Crctalu.1 rubtr (Serpentes: Viperid:ie). Herpeto­
logica 2:203-217. 

Dumas, P.C. 1966. Studies of the Rana species 
complex in the Pacific northwest. Copcia 
1966:60-74-

Dundee, H.A. and Miller, M.C. 1968. Aggregative 
behavior and habitat conditioning by the puirie 
ringneck snake, Diadophis punctalus (lrt1yi. 

Tulane Studies in Zoology and Botany 15:4r-58. 



Dunlap. D.G. 1955. Inter· and intraspecifi.c vatiation 
in Oreg<:>n frogs of the genus Rana. The Ameri­
can Midland Naturalist 54:314-331. 

Dupuis, L. and Stevt>nton, D. 1999. Riparian 
management and the tailed frog in northern 
coastal forests. Fonist E(O)ogy and Management 
12+35-43. 

Dupuis, L.A .. Bunnell, F.L., and Friele, P.A. 2000. 
Determin<lnts of the tailed frog's range in British 
Columbia. Canada. Notthwest Science 
74:109-n5-

Elliott, I ... Gerhardt. C .. and Davidson, C. 2009. 
The Frogs arul Toads of North Amerka: A 
Comprehensive Guide to Their Identification, 
Behavior, and Calls, Houghton Miffiin I larcourt, 
New York. 

Ely, E. 1992. Geographic distribution: Thamnaphis 
hcimmondii. Herpetological Review 23:124-12.5. 

Emery, A.R .. Bent, A.H .. and Kodaira, K. 1972. 
Under-ice observations of wintering sites of 
leopard frogs. Copeia r972:r2.3-126. 

Emmerich. K. and Cunningham. L. 2003. Geo• 
graphic distribution: Diadophis puncli1tus. 
Herpetological Review 34:169. 

Ernst, C.H. and Ernst E.M. 2003. Snakes of the 
United States and Canada, Smithsonian Books, 
Washingt,:m, DC. 

F.rn~t. C.H. and Lovich, f.E. 2.009. Turtles of the 
United States and Canada. Johns Hopkins 
University Press, Baltimore, MD. 

Ervin. E.L., Anderson, A.E., Cass, TL.. and Murcia, 
R.E. zoor. Nahtral history notes: $pea l1ammondii. 
F.levation record. l·lerpetological Review 32:36. 

Etvin. E.L .. Beaman. K.R., and Fisher, R.N. 2013. 
Correction of locality records of the endangered 
arroyo toad (Anaxyr11s californicus) in the desert 
regions of Southern California. Bulletin of the 
Southern California Academy ofSciem:es 
nz:197-205. 

Ervin. E.L. and Burkhardt. T.R. 2006. Natural 
history notes: Ambystoma tigri,mm mavoriium. 
EKtralimital populations. Herpetological Review 

3T43S-
Ervin, E. L. and Cass, T. L. 2007. Natural history 

notes: Sp~• Jrnmmondii. Reproductive pattern. 
Hcrpctological Review }8:196-197. 

Ervin, E.L. and Fisher. R.N. 2001. Natural history 
notes: Tk11mnophis nQlnmondii. Prey. Her petolog• 
ical Review. 32:2.65-266. 

Ervin, E.L. and Fisher. R.N. 2007. Natural history 
notes: T!iamnophis hammcmdii. foraging 
behavior. Herpetological Review 38:345-346. 

Ervin. E.L .. Kisner, D.A., and fisher. R.N. 2.006. 
Natural history notes: Bufo californicus. Mortality. 
Herpetological Review 37:199. 

Ervin. E.L .. Smith. C.D .. and Christopher, S.V. 
2005. Natural history notes: Spea hammondii. 
Reproduction. l-lerpetological Review 
36:309-310. 

Eschscholtz, J.J:.V. 183J. Zoologischer Atlas, 
enthaltend Abbildungen und Beschreibungen 
neuer Thierarren, wahrend des Flottcapit.iins von 
Kotzebue zweiter Reise um die Welt. auf 
Russisch-Kaiserlich Kriegsschupp Pre<lpriaetie 
in den Jalmm 18.2}-1S.26 herausgegeben von D. 
Martin Heinrich Rathke. FUnftes Hefl. C. 
Reimer, Berlin. (In German) 

Ewert, M.A. 1991. Cold torpor, diapause, delayed 
hatching and aestivation in reptiles and birds, 
in Deeming, D.C. and Ferguson, M.W.J. 
(Eds): Egg Incubation; Its Effects on 
Embryonic Development in Birds and Reptiles, 
Cambiidge University Press. Cambridge, UK. 
pp.173-191. 

Fahrig, L., Pedlar, J.H .. Pope, S.E .. Taylor. P.D .. and 
Wegner. J.F.1995. Effect of road traffic on 
amphibian density. Biological Con~ervation 
7p77-182.. 

Feaver, P.E. 1971. Breeding Pool Selection and 
Larval Mortality ofThrec California Ampibians: 
Ambystoma ligrinum californicmc Gray Hyla 
regilla Baird and Girard and Scciphiop14S ham• 
mondi hammondi Girard. Master's Thesis. Fre~n◊ 
State College, Fresno, CA. 

Feldman, C.R. and Pa1ham, (.F. 2002. Molecular 
phylogenetics of emydine turtles: taxonomic 
revision and the evolution of shell kinesis. 
Molecular Phylogenetics and Evolution 
22:388-398. 

Feldman, C.R. and Spicer, G.S. 2006. Comparative 
phylogeography of woodland reptiles in Califor­
nia: repeated piltterns of dadogenesis and 
population expansion. Molecular Ecology 
15:2201-22:1,2. 

Fellers. G.M . .2005a. Rana boylii. in Lannoo, M.J. 
(Ed.J: Amphibian Declines: The O>nservation 
Status of United States Species, University of 
California Press, Berkeley, pp.534-536. 

Fellers, G.M. 2005b. Rana dray1011ii, in Lannoo, 
M.J. (Ed.): Amphibian Declines: The Conserva­
tion Status of United States Species, University of 
California Press, Berkeley, pp.552-554. 

Fellers, C.M. and Drost, C.A. 1993. Disappearance 
of the cascades frog Rana "iscadae at the 
southern erul ofits range, California. U.S.A. 
Biological Conservation 6p77-18r. 

FelleTs, G.M. and Kleeman, P.M. 2007. California 
red-legged frog (Rana draytonii) movement and 
habitat use: implications for conservation. 
Joumal of Herpetology 41:.276-.286. 

LtTEltATURE CITED )21 



Fellers, C.M .. Launei-, A.E., Rathbun, G., Bobzien. 
S .. Alvarez, J .. Sterner. D .. Seymour, R.B .. and 
Westphal. M. 2001. Overwintering tadpoles in 
the California red-legged frog (Rana aurora 
dri:iytonii). Herpetological Review 32:156-157. 

Fellers, G.M .. Pope, K.L .. Stead, J.E., Koo, M.S.. and 
Welsh, H.H., Jr. 200&. Turning population trend 
monitoring into active conservation: can we save 
the Cascades frog (Ra11a cascadae) in the Lassen 
t1:gion of California? Herpetological Conserva­
tion and Biology 3:28-39. 

Fellers, G.M., Wood, L.L., Carlisle, S., and Pratt, D. 
2010. Unusual subterranean aggreg31ions of the 
California giant salamander, Dica1nptodo11 
ensatus. Herpetological Conservation and Biology 
p49-1H• 

Ferguson, D.E. 1961. the geographk variation of 
Ambystoma macrodactylum Baird, with the 
description of two new subspecies. The Ameri• 
can Midland Naturalist 6r311-338. 

Ficetola, G.F., Miaud, C., Pompanon, F., and 
Taberlet, P. 2008. Species detection using 
environmental DNA from water samples. Biology 
Letters 4:423-425. 

Fisher, R.N. 2004. Life on the "Island•: animals. in 
Houk, R. (Ed.): Understanding the Life of Point 
Loma. Cabrillo National Monument Foundation. 
San Diego, CA, pp.112-131. 

Fisher, R.N. and Case, T.J. 2000. Distribution of the 
herpetofauna of coastal Southern California with 
reference to elevation effects. in Keeley,/., 
Baer-Keeley. M .. and Fotheringham, C.J. (Eds): 
2nd Interface Between Ecology and Land. 
Development in Caifornia, United States 
Geological Survey Open-File Report 00-62, 
pp.r37-143. 

Fisher, R.N. and Shaffer, H.B. 1996. The decline of 
amphibians in California's Great Central Valley. 
Conservation Biology 10:1387-1397. 

Fisher, R.N., Suarez, A.V., and Case, T.J. 2002. 

Spatial patterns in the abundance of the 
coastal horned lizard. Conservation Biology 
16:205-215. 

Fitch, H.S. 19,6. Amphibians and reptiles of the 
Rogue River Basin, Oregon. The American 
Midland Naturalist r7:6,4-652. 

Fitch, H.S. 1938. Rana boy/ii in Oregon. Copeia 
1938:148-148. 

Fitch, H.S.1940. A biogeographical study of the 
ordinoidts Artcnkreis of garter snakes (genus 
Tham11ophi-s1. University of California Publica• 
tions in Zoology 44:1-150. 

Fitch, H.S. 1941. The feeding habits of California 
garter snakes. California fi!>:h and Game 
27:2-p. 

}22 LITERATl7RE CITED 

Fitch, H.S.1~>48. F\lrther remarks concerning 
Thamnopliis ardinoides and its relatives. Copda 
1948:121-126. 

Fitch, H.S. 1970. Reproductive cycles in lizards and 
snakes. University of Kansas Museum of Natural 
History Miscellaneous Publications 52.:r-247. 

Fitch, H.S. 1975. A demographic study of the 
ringneck snake (Diadophis punclalus) in Kansas. 
University of Kansas Museum of Natural History 
MiscdlanP.ous Publications 62:1-53. 

Fite, K.V., Blaustein, A., Bengston, l., and Hewitt. 
H.E. 1998. Evidence of retinal light damage in 
Rana cascadae: a dedining .imphibian species. 
Copeia J998:906-914. 

Fontanella. F.M., Feldman, C.R., Siddall, M.E., and 
llurbrink, F.T. 2008. Phylogeography of Diado­
phis punctalus: extensive lineage diversity and 
repeated patterns of historical demography in a 
trans-continental snake. Molecular Phylogenetics 
and Evolution 46:1049-1070. 

Ford, R.S. ,981. Geographic distribution: Helo• 
derma suspectum cinaum. Herpetological Review 
12:64. 

Ford, R.S. 198~. Reptiles and Amphibians. in Stone, 
R.D. and Sumida, V.A. !Eds): The Kingston 
Range ofCalifurnia: A Resource Survey. Vol 10. 

Environmental Field Program. University of 
California, Santa Cruz, pp.12}-130. 

Foreman, L.D. (Ed.). 1997. Flat-Tailed Horned 
Lizard Rangewide Management Strategy. Report 
of lntcragency Working Group. 

Forsman. E.D. and Swingle, f.K. 2007. Use of 
arboreal nests of tree voles (Arborimus spp.} by 
amphibians. Herpetological Conservation and 
Biology 2:113-118. 

Fo1son, D. and Storfor. A. 2006. Effects of atrazine 
and i1idovirus infection on survival and 
life-history traits of the long-toed salamander 
(Amhystoma macrodactylum). Environment.I 
Toxicology and Chemistry 2.p68-173. 

Fouquette. M.J .. Jr. 1968. Remarks on the type 
specimen of B1efo alvarius Girard. The Great 
Basin Naturalist 28:70-72. 

Fouquette. M.J .. Jr., Painter. C.W .. and Nanjappa, P .. 
Jr. 2005. Bufo alvarius Girard, 1859: Colorado 
River toad, in Lannoo, M.J. (F.d.J: Amphibi,m 
Decli~s: The Conservlllion Skltus of United Stutes 
Species. University of California Press. Berkeley, 
pp.~84-386. 

Fox, W. 1951. Relationships among the garter 
snakes of the Tl1amnopl1is elegans rasstnkreis. 
University of California Publications in Zoology 
50:485-530. 

Fox, W. 1956. Seminal receptacles of snakes. The 
Anatomical Record r24:519-539. 



Franc.o. G .. Cayan, D.R .. Moser. S., Hanemann, M .. 
and Jones, M. 2011. Second Califmnia assess­
ment: integrated climate change impacts 
assessment of natural and mmaged systems. 
Climatic Change 2ou:S1-S19. 

Fried, J.S., Torn, M.S., and Mills. E. 2004. The 
impact of climate change on wildfire severity: a 
regional forecast for northern California. 
Climatic Change 64 :169-191. 

Fromer, P.S., Doder, M., and Patterson, C. 1983. A 
Population Study of the Mojave Fringe-Toed 
Lizard (Uma scopurii1) on the Twentynine Palms 
MCAGGC. Recon Number R 1397. Natural 
Resources Office. Marine Corps Air Ground 
Combat Center, Twentynine Palms, CA. 

Frost, D.R., Grant, T .. Faivovich, )., Bain, R., Haas, 
A .. Haddad. C .. De Sa. R. et al. 2006a. The 
amphibian tree oflife. Bulletin of the Arnerican 
Museum ofNatunl History 2.97:1-2.91. 

Frost, D.R .. Grant, T., and Mendelson, J.R. 2006b. 
01/otis Cope, 1875 is the oldest name for the 
genus cuuently referred to as Cm11opsis Cope. 
t875 (Anura: Hyloides: Bufonidae). Copeia 
2006:558-558. 

Frost. D.R. and Hillis, D.M. 1990. Species in 
concept and practice: herpetological applications. 
Herpetologica 46:86-104. 

Frost, D.R., Mc Diarmid, R.\V., and Mendelson, 
J.R. :1.009a. Response to the point of view of 
Gregory B. Pauly, David M. Hillis, and 
David C. Cannatella, by the Anuran Subcommit­
tee of the SSAR/HI/ASIH Scientific and 
Standard English Names Lisi. Herpetologica 
6p36-1n. 

Frost, D.R .. Mendelson. J.R .. and Pramuk, J. 2009b. 

Further notes on the nomenclature of Middle 
American toads (Bufonidae). Copeia 
2009:4L8-418. 

Frost. J.S. and Platz. J.E. 1983. Comparative 
assessment of modes of reproductive isolation 
among four species ofle,::,pard frogs ( Rana pipitns 
complex). Evolution 37:66-78. 

FTHL [CC (Flat-Tailed Horned Lizard lnteragem:y 
Coordinating Committee). 2003. Flat-Tailed 
Horned Lizard Rangewid.e Management Strategy. 
2003 Revision: An Arizona-California ConseTva­
tion Strategy. 

Fuhrman, F.A. 1967. Tetrodotoxin. Scientific 
American. 217:60-71. 

Fuller, D.D. and Lind. A.J. 1992. Implications of 
fish habitat improvement structures for other 
slleam ve1tebrates, in Harris, R. and Erman, D. 
(Eds): Proceedings of the Symposium on 
Biodiversity of Northwestern California, Santa 
Rosa. pp.96-104. 

Fuller, T.E. zoos. The Spatial :Ecology of the Exotic 
Bullf1og (Rana c«tesbeianu) and Its Relationship 
to the Distribution of the Native Herpetofauna in 
a Managed River System. Master's Thesis. 
Humboldt State University. Arca.ta. CA. 

Fuller. T.E., Pope, K.L., Ashton, D.T .. and Welsh. 
1-1 .M .. Jr. 2010. Linking the distribution of an 
invasive amphibian ( Rana ,aiesbeiana) to habitat 
conditions in a managed river system in northern 
California. Restoration Ecology 19:204-2e3. 

Funk. R.S. 1966. Notes about Heloderma suspcctum 
along the western extremity of its range. 
Herpetologica 22.:154-158. 

Funk. R.S. 1974. Geographic distribution: Kin<1sU:r· 
11011 sonQriense. Herpetological Review 5:20. 

Funk, W.C. and Dunlap. W.W. 1999. Colonization 
of high-elevation lake,; by long-toed salamanders 
(Am&.,stoma macrodact}•hmt) after the extinction 
of introduced trout populations. Canadian 
Journal of Zoology 77:1759-1767. 

Funk, W.C., Pearl, C.A., Draheim, H.M., Adams, 
M.)., Mullins, T.D .. and Haig. S.M. 2008. 
Range-wide phylogeographic analysis of the 
spotted frog complex ( Rana luteiventris and Rantl 
pretirua) in northwestern North America. 
Molecular Phylogenetics and Evolution 
49:198-210. 

Gamcadt, S. and Kats, L. 1996. Effect of introduced 
crayfish and mosquitofish on California newts. 
Conservation Biology 10:1155-1162. 

Gamradt, S. and Kats, L. 1997. Impact of chaparral 
wildfire-induced sediment~tion on oviposition of 
stream-breeding California newts (Taric;ha 
torosa). Oecologia 110:546-549. 

Gamr.adt, S., Kats, L., and Anzalone. C. 1997. 
Aggression 1:>y non-native crayfish deters 
bTeeding in California newts. Con$etvation 
Biology u:793- 796. 

Carcia and Associates. 2005. Results of 2.004 
Surveys and Monitoring for Foothill Yellow­
Legged Frogs (Rana bo}'lii) within the Rock 
Creek-Cresta Project Area. North Fork Feather 
River and 20,n-2004 Recreation and Pulse Flow 
Biological Evaluation Summary. Prepared for 
Pacific Gas and Electric Company, San Ramon, 
California, Job n2/80, 89pp. 

Garcia, T.S., Romansic, J.M., and Blaustein, A.R. 
2006. Survival of three species of anuran 
metamorphs exposed to UV-B radiation and the 
pathogenic fungus Batrachochytr,i,m dtndrolia­
tidis. Diseases of Aquatic Organisms. 72:163. 

Garda·Paris. M., Buchholz, D.R .. and Parra-Olea, 
G. 2003. Phylogenetic relationships of Pelobatoi­
dea re•examined using mtDNA. Molecular 
Phylogenetics and Evolution. 2&:12-23. 

LITERA'JURE CITEO 323 



Gardner, T.J., Foley, D.H., Brodie. E.D .. and Young, 
K.V. 2.004. Barrier fences prevent road mortali­
ties in the Aat-tailed horned lizard (Pttrynosoma 
mtallii). Herpetological Review 3r250-2.50. 

Garman. S. t884. The reptiles and batrachians of 
North America. Memoirs of the Museum of 
Comparative Zoology 3:1-185. 

Garwood. J.M. 2009. Spatial Ecology of the Cascades 
Frog: Identifying Dispersal, Migration, .and 
Resoun:e Uses at Multiple Spatial Scales. Master's 
Thesis. Humboldt State University, Arcata, CA. 

Garwood. f.M. and Welsh, H.H .. Ir. 2007. Ecology 
of the Cascades Frog ( Rana tascadae) and 
Interactions with Garter Snakes and Nonnative 
Trout in the Trinity Alps Wildernt~$, California. 
Final Report to California Department of Fish 
and Game and National Fish and Wildlife 
Foundation, 75pp. 

Gehlbach, F.R. 1965. Herpetology of the Zuni 
Mountains r<::gion. northwestern N<::w Mexico. 
Proceedings of the US National History Museum 
116:.243-332. 

Gehlbach, F.R. 1974. Evolutionary relations of 
southwestern ringneck snakes (Diadopliis 
punc111tus). Herpetologica 30:140-148. 

Gergus, F..W.A. 1998. Systematics of the Bufo 
microrc:uphus complex: allozyme evidence. 
Hcrpctologica 54:317-325. 

Gergus, E.W.A., Grismer, L.L .. and Beaman, K.R. 
1997. Geogr:aphic distribution: Bufo califomicus. 
Herpetological Review 28:47. 

Germano. D.J. :i.010. Ecology of western pond 
rnrtles (A,ti11unys ni.armorata) at sewage-treat­
ment facilities in the San Joaquin Valley, 
California. The Southwestern ~!aturalist 
55:89-97. 

Germano. D.J. and Oury, R.13. 2001. Western pond 
turtles (Clemmy:. marmomta) in the Central 
Valley of California: status and population 
structure. Transactions•Westem Se<:tion of the 
Wildlife Society 3r22-3G. 

Germano, D.J. and Bury. IUl. :2009. Variation in 
body size. growth, and population structure of 
Aclintm}'S marm<>rala from lentic and lotic 
habitats in southern Oregon. Journal of Herpetol· 
ogy 43:510-po. 

Germano, D.J. and Rathbun, G.B. 200S. Growth, 
population structure, and reproduction of 
western pond turtles (Ac:tinemys marmomla) on 
the cen11al coast of California. Chclonian 
Conservation .md Biology,:188-r94. 

Germano. D.f., Rathbun. G.B .. and Saslaw, L.R. 
2.001. Managing er.otic grasses and conserving 
declining species. Wildlife Society Bulletin 
29:551-559. 

J24 I.IH.RATURE CITED 

Germano, J.M. and Bishop, P.J. 2009. Suitability of 
amphibians and reptiles for translocation. 
Conservation Biology 23:7-15. 

Gerson. M. 20n. Population status and habitat 
affinities of the Rlainville's homed lizard 
(Phl)•nosom11 blainvillii) at a site in the northern 
San foaquin Valley, California, USA. Herpetolog• 
ical Conservation and Biology 6(2.):228-236. 

Gibbs, f.P. and Shriver, W.G. zoo2. Estimating the 
effects of road mortality on turtle populations. 
Conservation B-iology 16:t647-r652. 

Gibbs, f.P. and Shriver, W.G. 2005. Can road 
mortality limit populations of pool-breeding 
amphibians? Wetlands Ecology and Management 
1}: .281-289. 

Gilbertson. M.K., Haffner. D.G .. Drouillard, t<.G., 
Albert, A., and Dixon, B. 2003. lmmunosuppres• 
sion in the northern leopard frog (Rana pipiens) 
induced by p~ticide e>:posure. Environment~l 
Toxicology and Chemistry 22:101-uo. 

Gi!hen, J. 1970. An unusual Nova Scotian popula• 
lion of the northem ringneck snake. Diadopkis 
punctatus tdwardsi (Merrem). Occasional Papers 
of the Nova Scotia Museum, lfalifax 9:1-13. 

Girard C. 1859. in Baird. Reptiles of the Boundary. 
with Notes by the Naturalists of the Survey. 
Department of the Interior, Washington. DC. 

Giuliani, D. 1996. Resurvey of Eastern Sierra 
Nevada Salamanders. Unpublished Report. 
California Department of Fish and Game. 
Sacramento. 

Goebel, A.M., Ranker, T.A., Com, P.S .. and 
Olmstead. R.G. 2009. Mitochondrial DNA 
evolution in the Anaxyrus boreas species group. 
Molecular Phylogenetics and F,volution 
50:209-225. 

Goldberg, C.S. and Waits, L.P. 2010. Comparative 
landscape genetics of two pond-breeding 
amphibian species in a highly modified agricul­
tural landscape. Molecular Ecology 
,9:3650-366}. 

Goldberg. S.R. 1972. Reproduction in the southern 
alligator Lizard G~rrlionotus multiCMint1tus. 
Herpetologica 28:267-2.n. 

Goldberg. S.R. 198~. Reproduction of the coasl 
horned lizard, Phrynosoma ,oronatwn, in 
southern California. The Southwestern Natural­
ist 2~!:478-479. 

Goldberg, S.R. 1999. Reproduction in the 1ed 
diamond rattlesnake in California. California 
Fish and Game 85 :177-180. 

Goldbl'rg, S.R. 2000. Reproduction in the glo~~y 
snake, Arizo11a eltgans tSerpentcs: Colubridae) 
from Californfa. Bulletin of the Southern 
California Academy ofScien(es 99:10~-109. 



Goldberg. S.R. and Beaman, K.R. 2003. Natural 
history notes: Elgari'1 panamimina. Reprodu<:­
tion. Herpetological Review 34: 143. 

Goldberg. S.R. and Miller, C. 1985. Reproduction of 
the silvery legless lizard, Annie/la pulclu-a pulchra 
(Annidlidae), in Southern California. The 
Southwestern Naturalist 30:617-619. 

Goldbe1g. S.R., Mahrdt. C.R., and Beaman, K.R. 
io,o. Reproduction in Cope's le<:>pard lizard, 
Gambelia copeii (Squamata: Crotaphytidae). 
Bulletin of the Southern California Academy of 
Sciences 109:1~-17. 

Gomez. D.M. and Anthony, R.G.1996. Amphibian 
and reptile abundance in riparian and upslope 
areas of five fo1est types in western 01egon. 
Northwest Science 70:109-119. 

Gonsolin, T.E. 2010. Ecology of Foothill Yellow­
Legged Frogs in Upper Coyote Creek. Santa Clara 
County, CA. Master's Thesis. San Jose State 
University. San Jose, CA. 

Good, D.A. 1988. Allozyme variation and phyloge­
netic relationships among the species of Elgaria 
(Squamata: Anguidae). Herpetologka 44:154-162. 

Good. D.A. 1989. Hybridization and cryptic species 
in Dicamptodon (Ca\ldata: Dicamprodontidae}. 
Evolution .43:718-744. 

Good, D.A. and Wake. D.B. 1992. Geographic 
variation and speciation in the torrent salaman­
ders of the genus Rhy11co1,iton {Caudata: 
Rhyacotritonidae). University of California 
Publications in Zoology 126:i-91. 

Goodman. R.H., Jr. r997. 0-:currence of double 
clutching in the southwestern pond turtle. 
Clemmys marmorata pallida, in the Los Angeles 
Basin. Chelonian Conservation and Biology 
2:419-420. 

Goodman. R.H., Jr., Watanabe. S.K., Condon. K.P .. 
Pires, M.P., and Benton, M.S.1998. Geographic 
distribution: Balrathoseps ga&ridi. Herpetological 
Review 29:171. 

Gorman, ). 1957. Rix:ent <:Ql!ections of the Califor­
nia limbless li1.atd, A1rniella pulchra. Copeia 
1957:148-150. 

Craete-r. G.J .. Buhlmann. K.A.. Wilkinson, L.R., 
and Gibbons, ).W. (Eds). 10JJ. Inventory and 
Monitoring: Recommended Techniques for 
Reptiles and Amphibians, with Application to the 
United States and Canada. Paramers in Amphib­
ian and Reptile Conservation, Birmingham, Al.. 

Grant, D .. Anderson. 0., and Twitty, V. 1968. 
Homing orientation by olfaction in newts 
{Tarich11 riYuliirisj. Science 160:1354-1356. 

Grant. T.J. and Doherty. P.F. 2006. Natural history 
notes: Phrynosoma mcallii. Hibernation. 
Herpetoiogical Review 37=346-347. 

Grant, T.J. and Doherty. P.F. 2007. MonitOiing of 
the flat-tailed horned lizard with methods 
incorporating detection probability. Journal of 
Wildlife Management 71:1050-1056. 

Grant. T.J. and Doherty, P.F. 2009. Potential 
mortality effects of off-highway vehicles on the 
flat-tailed homed lizard (Plirynosoma meal/ii): a 
manipulative experiment. Environmental 
Management 43:508-513. 

Grasso, R.L. 2005. Palatability and Antipredator 
Response ofYosemite Toad (Bufo ,anorus) to 
Nonnative Brook Trout (Salvelinusfonlintuis) in 
the Sierra Nevada Mountains of California. 
Master's Thesis:. California State Univers\ty, 
Sacramento. 

Grasso. R.L.. Coleman, R.M .. and Davidson. C. 2.010. 
Palatability and antipredator response of Yosemite 
toads (Anaxyrus e1111orus1 to nonnative brook trnut 
(St:1lvelimisfo11tinalis) in the Sierra Nevada 
Mountains of California. Copeia 2010:457-462. 

Gray, J.E. 1839. Plirynosoma blainvillii. in The 
Zoology of Captain Beechcy's voyage: Compiled 
from the collections and notes made by Captain 
Beechey, the officers and naturalist of the 
expedition, during a voyage to the Pacific and 
Behring's Straits performed in his majesty's ship 
blossom, under the command of Captain PW 
Beechey, in the years 1825, 26, 2.7 and 2.8, HG 
Bohn, London, p.96. 

Gray, J. 'E. 1852. De~cripticms of several new genera 
of reptiles, principally from the collection of 
HMS Herald. Annual Magazine of Natural 
History 10:437-.440. 

Graybeal, A. 1993. The phylogenetic utility of 
cytochrome b: lessons: from bufonid frogs. 
Molecular Phylogenetics and Evolution 
2:2.56-269. 

Green, D.E. and Kagarise Sherman. C. 2001. 
Diagnostic histological findings in Yosemite 
toads (Bu.Jo ca11orus) from a die-off in the 1970s. 
Journal of Herpetology 3s:92-103. 

Green. D.M. 1985. Differentiation in amount of 
centtomeric hetero·chromatin between subspe­
cies of the nid-legged frog, Ran11 tiurora. Copeia, 
19~po71-1074. 

Green, D.M. 1986a. Systematics and evolution of 
Wc:$tern North American frogs allied to Rana 
,mrora and Rana '1oylii: electrophoretic evidence. 
Systematic Zoology 35:28,-296. 

Green, D.M. 198Gb. Systematics and evolution of 
western North American frogs ;illied to Rana 
a11rora and Rana boylii: karyological evidence. 
Systematic Zoology 3:5=273-282. 

Green, D.M., Kaiser, I I., Sharbel, T.F., Kearsley, J., 
and McAllister, K.R. 1997. Cryptic species of 

LITERATURE CITED )2S 



spotted fmgs, Rant1 preliosa romple:,, in western 
North America. Copeia 199T1-8. 

Green, D.M., Sharbel, T.F., Kearsley, J .. and Kaiser, 
H. 1996. Postglacial range fluctuation, genetic 
subdivision and speciation in the western North 
American spotted frog complex, Rana pretiQsa. 
Evolution 50:374-390. 

Greenberg. D.B. 2002. The Ecology of Movement 
and Site Selection in Desert Rattlesnakes 
(Crotalus Mitch.ell ii and Crotalus Ruber) of the 
Southwestern United States. PhD Dissertation. 
University of California. Santa Barbara. 

Greenberg, D.B. and McClintock, W.J. 2008. 

Remember the third dimension: terrain 
modeling improves estimates of snake home 
range size. Copeia ..:008:801-806. 

Gregory, P.T. 1977. Life-history parameters of the 
red-sided gartei snake (Thamnophis sir1alis 
pariitalis) in an extreme enviionment, the 
lntedake region of Manitoba. National Museum 
of Canada Publications in Zoology 1p-44. 

Gregory, P.T. and Larsen, K.W. 1993. Geographic 
variation in reproductive characteristics among 
Canadian populations of the common garter 
snake (Tham11ophis si¥1alis). Copeia 
1993:946-958. 

Griffin. P.C. and Case. T.J. 2.001. Terrestrial habitat 
preferences of adult arroyo southwestern toads. 
Journal of Wildlife Management 65:6_33-644. 

Grinnell. J. 1908. The Biota of the San Bernardino 
Mountains. University of California Press, 
Berkeley. 

Grinnell,[. and Camp. C.L 1917. A distributional 
list of the amphibians and reptiles of California. 
University of California Publications in Zoology 
1r127-2.08. 

Grinnell, J., and Grinnell, H.W. 1907. Reptiles of 
Los Angeles County, California. Throop Institute 
Bulletin 3p-64. 

Grinnell, J. and Storer, T.l. 19:1.4. Animal life in the 
Yosemite. University of California Press, 
Berkeley. 

Grismer, LL 1994. The origin and evolution of the 
peninsular hcrpctofauna of Baja California. 
Mexico. Herpetological Natural History 
2:51-106. 

Grismer, L.L. 2002. Amphibians and reptiles of 
Baja California, including its Pacific islands, and 
the islands in the Sea of Cortes. University of 
California Press, Berkeley. 

Grismer, L.L an.d Galvan. M.A. 1986. A new night 
lizard (Xam11sia he11shawi) from a sandstone 
habitat in San Diego County, California. 
Transactions of the San Diego Society of Natural 
liistory 2.1 :155-165. 

p.6 LITERATURE CITED 

Groff, L.A. 2011. A Species Distribution Model for 
Guiding Oregon Spotted Frog (Rana preiiosa) 
Surveys Near the Southern Extent of Its Geo­
graphic Range. Master's Thesis. Humboldt State 
University. Arcata. CA. 

Hager. S.B. 1996. Natural history notes: Phryno• 
soma cor◊11a1um blainvillii. Growth. Herpetologi­
cal Review 27:80. 

Hager. S.B. and Biattstrom. B.H.1997. Surface 
activity of the San Diego homed lizard Pliryno­
soma coronalum blainvilli. The Southwestern 
Naturalist 4z:339-344. 

Haggard, 1.A.G. zooo. A Radio Telemetric Study of 
the Movement Patterns of Adult Northern 
Red-Legged Frogs (Ra,ia ,iurora auroral at 
Freshwater Lagoon, Humboldt County, Califor· 
nia. Humboldt State University, Arcata. CA. 

Haggarty. M. 2006. Habitat Differentiation and 
Resource Use among Different Age Classes of 
Post Metamorphic Rana &oylii on Red Bank 
Creek. Tehama County. California. Master's 
Thesis. Humboldt State University, Arcata, CA. 

Halama, K.J., Malisch. A.f., Aspell, M .. Rotenberry. 
J.T., and Allen, M.F. 2008. Modeling the 
landscape niche characteristics of 1ed diamond 
nttlesnakes (Crotalus n,ber): implications for 
biology and conservation, in Hayes, W.K .. 
Beaman, K.R., Cardwell, M.D .. and Bush, S.P. 
(Eds): The Biology of Rattlesnakes Symposium, 
Loma Linda University Press. Loma Linda, CA, 
pp.463-472.. 

Hall, D.H. and Steidl, R.J. 2007. Movements, 
activity, and ~pacing ofSonoran mud turtles 
!KintWernon so11oriense) in interrupted mountain 
streams. Copeia 2007:40}-412-. 

Hallowell. E. 1852. Descriptions of new sp&ies of 
reptiles inhabiting North America. Proceedings 
of the Academy of Natural Sciences of Phi!adel• 
phia 6:177-182. 

Hammerson, C.A. 1977. Head body temperature 
diffe1ences monitored by telemetry in the snake 
Masti,opl1i$ flagellum piceus. Comparative 
Biochemistry and Physiology 57:399-402. 

Hancock. J.P. 2,009. Arwyo Toad {Ana,cyrus 
califomirns) life History. Population Status. 
Population Threats, and Habitat Assessment of 
Conditions at Fort Hunter Liggett, Monterey 
County, California. Master's Thesis. California 
Polytechnic State Unviersity. San Luis Obispo. 

Hansen, R.W. 1988. Kern Canyon Slender Salaman­
der (Batrachoseps simallls). California Depart• 
ment ofTransportation, Biological Survey 
Report. District 6, Fresno. 

Hansen. R.W. and Wake, D.B. 2005a. Batra,hoseps 
campi. in Lannoo, M.J. (Ed.): Amphibian 



Dedines: The Conservation Status of United 
States Species, University of California Press. 
Berkeley. pp.669-671. 

Hansen. R.W. and Wake. D.B. 2005b. Batracl1o!tp! 
minor. in Lannoo. M.). (Ed.): Amphibian 
Dedines: The Conservation Status of United 
States Species, University of California Press, 
Berkeley, pp.682-683. 

Hansen, R.W. and Wake, D.B. 2005c. Balruchoseps 
relictus, in Lannoo, M.J. (Ed.): Amphibian 
Declines: The Conservation Status of United 
States Species, University of California Press, 
Berkeley, pp.688-690. 

J-lansen. R.W., Goodman. R.H. and Wake, D.B. 
2005d. Batrachoseps gabrieli, in M.J. Lannoo. 
{Ed.}: Amphibian Declines: The Conservation 
Status of United States Species, University of 
California Press. Berkeley, pp.672-673. 

Hanson, K., Snyder, J .. and Kats, L. 1994. Natural 
history notes: T12rich12 torosa. Diet. Herpetological 
Review 2s;62. 

Harding, J.H. 1997. Amphibians and Reptiles of the 
Great Lakes Region. University of Michigan 
Press, Ann Arbor. 

Harte, f., Ostling. A .. Green. J.L .. and Kinzig, A. 
2.004. Climate change and extinction risk. 
Nature 430:33. 

Hatch, A.C. and Blaustein, A.R. 2000. Combined 
effects of UV-b, nitrate, and low pH reduce the 
survival and activity level of larval cascades frogs 
(R11n11 c11sc11d11e j. Archives of Environmental 
Contamination and Toxicology 39:494-499. 

Hawkins. C.P., Gottschalk, L.J .. and Brown, S.S. 
1988. Densities and habitat of tailed frog tadpoles 
in small streams near Mount St. Helens 
Washington U.S.A. following the 1980 eruption. 
Journal of the North American Benthological 
Society 7=246-252. 

Hayes, M.P. and Cliff. F.S. 1982. A checklist of the 
herpetofauna of Buue County, the Butte Sink, 
and Sutter Buttes, California. Herpetological 
Review 13:85-87. 

Hayes. M.P. and Jennings, M.R. 1986. Decline of 
ranid frog species in western North America: are 
bullfrogs (R12na catesbtianti) 1esponsible? Journal 
of Herpetology 20:490-509. 

Hayes, M.P. and Jennings, M.R. 1988. Habitat 
correlates of distribution of the Cilifornia 
red-legged frog (Riina aurora droylonii) and the 
foothill yell◊w-legged frog (Rana boylii): 
implications for management. in Szaro. R.C .. 
Severson. K.E., and Patton. D.R. (Eds): Manage• 
ment of Amphibians:. Reptiles, and Srnall 
Mammals in North America, General Technical 
Report RM-166. United States Department of 

Agriculture Forest Secvice, Rocky Mountain 
Forest and Range Experiment Station, Fort 
Colli11.s, CO, pp.144-158. 

Hayes, M.P. and Krempels. D.M. 1986. Vocal sac 
variati◊n among frogs of the genus Rcina from 
western North America. Copeia 1986:927-936. 

Hayes, M.P. and Miyamoto. M.M. 1984. Biochemi• 
cal. behavioral and body size differences between 
Rana aurora t11<rom and R. a. drayloni. Copeia 
1984:1018-1022. 

Hayes. M.P .. Pearl, C.A., and Rombough, C.J. 200c. 
Rana aurora aiirora. Movement. Herpetological 
Review 32:35-36. 

Hayes. M.P .. Quinn, T .. Dugger. D.J .. Hicks, T.L .. 
Mekhiors, M.A., and Runde, D.E. 2006. 
Dispersion of coastal tailed frog (Ascaph11s lruei): 
an hypothesis relating occurrence of frogs in 
non-fish-bearing headwater basins to their 
seasonal movements. Journal of Herpetology 
40:531-HJ· 

Hayes, M.I'., Rombough, C.J .. and Hayes, C.P. 
2007. Natural History: Rana aurora. Movement. 
Herpetological Review 38:192-19}. 

Hayes. M.l' .. Rombough, C.J .. Padgett·Flohc. G.E .. 
Hallock, L.A., Johnson, J.E., Wagner, R.S., and 
Engler, ).D. 2009. Amphibian chytridiomycosis 
in the Oregon spotted frog (Ron12 pretiosa) in 
Washington State, U.S.A. Northwestern 
Naturalist 90:148-151. 

Hayes, M.P. and Tennant, M.R. 1985. Diet and 
feeding behavior of the California red-legged 
frog. Ron11 aurora draytonii (Ranidae). The 
Southwestern Natur;ilist 30:601-605. 

Hayhoe, K .. Cayan. D .. Field, C.B .. Frnmhoff, P.C., 
Maurer. E.P., Miller. N. L.. Moser. S.C. et al. 
:i.004. Emissions pathways. climate change. and 
impacts on California. Proceedings of the 
National Academy of Sciences of the United 
States of America 101:12422-12427. 

Heath. J.E. 1965. Temperature regul3tion and 
diurnal activity in horned lizards. University of 
California Publications in Zoology 64:97-1~6. 

Hedge<:ock, D. 1978. Population subdivision and 
genetic divergence in red-bellied newt. Twicha 
rivulllris. Evolution 32:271-286. 

Hedgecock, D. and Ayala, F.J. 1974. Evolutionary 
divergence in the genus Taricha (Salama11d1i• 
dae). Copeia 1974:7}8-747. 

Heifetz, W. 1941. A review of the lizards of the 
genus Urna. Copeia 1941:99-111. 

Hels. T. and Buchwald. E. 2001. The effect ofroad 
kills ◊n amphibian populations. Biological 
Conservation 99:331-340. 

Hemphill, D.V. 1952. The Vertebrate Fauna of the 
Boreal Areas of the Southern Yolla Bolly 

LITERATUltE cnto 327 



Mountains. California. PhD Dissertation. Oregon 
State University, Corvalis. 

Henry. W.V. and 1\vitty. V.C. 1940. Contributions to 
the life histories of Dirnmplodon ensatus and 
Ambystoma gmcile. Copcia 1940:;,.47-250. 

Hensley, F.R., Jones, T.R., Maxwell, M.S., Adams, 
L.J .. and Nedella. N.S. ;,.010. Demography. 
terrestrial behavior, and growth of Sonora mud 
tu1tles ( Kinoslernon sonorim~e} in an extreme 
habitat. Herpetologic;il Monographs 24:174-193. 

Hensley. M.M. 1949. Mammal diet of Heloderma. 
Hetpetologi<a pp. 

Heyer. W.R .. Donnelly, M.A., McDiarmid. R.W., 
Hayek, L.A.C .. and Foster, M.S. (Eds). 1994. 
Measuring and Monitoring Biological Diversity: 
Standard Methods for Amphibians. Smithsonian 
Institution Press. Washington, DC. 

Highton, R. 2.000. Detecting cryptic species using 
allozymedata. in Bruce, J.C., Jaeger, R.G., and 
Houck. L.D. (Eds): The Biology of Plethodontid 
Salamanders, Kluw~r Academic/Plenum 
Publishing. New York. pp.2r~-i41. 

Hill, R.E. and Mackessy. S.P. 2000. Chaiactedza• 
tion of venom (Dnvernoy's secretion) from twelve 
species of colubrid snakes and partial sequence 
of four venom proteins. Toxic on J8: 1663-1687. 

Hillis, D.M. r988. Systematics of the Rana pipiens 

complex: puzzle and paradigm. Annual Review 
of Ecology and Systematics r9:39-63. 

Hillis, D.M., frost, J.S., and Wiight, D.A. 1983. 
Phylogeny and biogeography of the Rana pipiens 
complex: a biochemical evaluation. Systematic 
Zoology 32:132.-143. 

Hillis, D.M. and Wilcox, T.P. 2005. Phylogeny of the 
New World l!ue frogs (Rana). Molecular 
Phylogenetics and Evolution 34:299-314. 

HilleRisl.ambers, J .. Yelenik. S.G., Colman, B.P .. 
and Levine, r.M. 2010. Californi.\ annual grass 
invaders: tl1e drivers or passengers of change? 
!ournal of Ecology 98: n47-n56. 

Hilton. W.A. 1948. Salamander notes from the 
Northwest. Herpetologica 4:120. 

Hodge, R.P. 2004. Cecgraphic distribution: Rana 

aurora. Herpetological Review 3579. 
Holcomb, C. 2012.. Examining the Relationship 

between Landscape Conne<:tivity and the 
Breeding Effort of the Red-Legged Fiog (.Rr:ina 
a14rora) in Western Washington Wetlands. 
.Master's Thesis. Evergreen State College. 
Olympia. WA. 

Hollmd. D.C. 1989. A Synopsis of the Ecology and 
Current Status of the Western Pond Turtle 
{Clemmys mannorakl). Report. United States Fish 
and Wildlife Service National Ecology Research 
Center, Fort Collins, CO. 

32,8 LITERATUIIE CITED 

Holland. D.C. 1992a. Level and Pattern in Morpho­
logical Variation: A Phylogeographic Study of the 
Western Pond Turtle (Cltmmys marmorata). PhD 
Dissertation. University of Southwestern 
Louisiana, Lafayette. 

Holland, D.C. 199;,.b. A Synopsis of the Ecology and 
Status of the Western Pond Turtle tClemmys 
marmora/a) in r991. United States Fish and 
Wildlife Service, San Simeon. CA. 

Holland, D.C.1994. The Western Pond Turtle: 
Habitat and History. Report. United States 
Depaitment of Energy, Bon nevi Ile Power 
Administration Environment. Portland, OR. 

Holman, J.A. and Fritz. U. 2001. A newemydine 
species from the Middle Miocene (BarstovianJ of 
Nebraska, U.S.A. with a new generic arrange­
ment for the species of Clemmys sensu McDowell 
(1964} {Reptilia: Testudines: Emydidae). 
Zoologische Abhandlungen-Staatliches Muse\1m 
Fur Tierkunde in Dresden s1:331-353. 

Holte, D.L. 1998. Nest Site Characteristics ofth.e 
Western Pond Turtle, Clemmys marmorota. at 
Fem Ridge Reservoir. in West Centr31 Oiegon. 
Master's Thesis. Oregon State University. 
Corvallis. 

Holway. D.A. 1995. Dimibution of the argcntine 
ant jUnepithema h1nnile) in Northern California. 
Conservation Biology 9:1634-1637. 

Hol1vay, D.A. 1998. Effect of argentine ant 
invasions on ground-dwelling arthropo<ls in 
northern Califurnia riparian woodlands. 
Oecologia 116:252-258. 

Hossack. B.R., Corn, P.S., and Fagre, D.B. 2006. 
Divergent patterns of abundance and age-class 
structure of headwater stream tadpoles in burned 
and unburned watersheds. Canadian Journal of 
Zoology 84:1482.-1488. 

Hothem. R.L.. Meckstroth, A.M., Wegner, K.E., 
Jennings. M.R .. and CJ~yon. J.J. 2.009. Diets of 
three species of anurans from the Cache Creek 
watershed. California. U.S.A. Journal of 
Herpetology 4p75-283. 

Howard. C.W. 1974. Comparative reproductive 
ecology of horned lizards {genus Phry110.ioma) in 
southwestern United States and northern 
Mexico. lournal of the Arizona Academy of 
Sciences 9:108-nG. 

Howard, J.H., and Wallace, R.L. 1985. Life history 
characteristics of populations of the long-toed 
salamander (Arnbysroma macrotiaciylumJ from 
different altitudes. The American Midland 
Naturalist 113:361-373. 

Hughes, L. 2000. Biological consequences of global 
warming: is the signal already apparent? Trends 
in Ecology and Evolution 15:56-61. 



Hulse, A.C. 1974. Food habits and feeding behavior 
in Kinosttrnon ionorienst (Chelonia; Kinosterni­
dae). Journal of Herpetology 8:195-199. 

Hulse. A.C. 1982. Reproduction and population 
structure in the turtle, Kinoslernon sonorims,. 
The Southwestern Naturalist 27:447-456. 

Hunt. L.E.1983. A nomenclatural rearrangement of 
the genus Anni(:lla (Sauria: Anniellidae). Copeia 
198J:79-89. 

Hunt, L.E. 1984. Morphological Variation in the 
Fossorial Lizard AnnieUa. Master's Thesis. 
University of Kansas, Lawrence. 

ICF Jones and Stokes. 2010. Hatchery and Stocking 
Program Environmental Impact Report/ 
Environmental Impact Statement. Final. January. 
(ICF J&S 00264.08) !SCH #2008082025). 
Prepared for rhe California Department of Fish 
and Game and US Fish and Wildlife Service, 
Sacramento. 

ICZN (International Commission on Zoological 
Nomenclature). 2000. Opinion 1960 Crotalus 
rnber Cope 1&92 (Reptilia, Serpentes): specific 
name given precedence over that of Crotalus exsul 
GarDL1n, 1884. Bulletin of Zoological Nomencla• 
ture 57:189-190. 

Iverson. J.ll. 1976. Ki1101t81t1on sonoriense. Catalogue 
of American Amphibians and Reptiles 176:1-2. 

Jacobson. E.R. 1993. Implications of infectious 
diseases for captive propagation and introduction 
programs of threatened/endangered reptiles. 
Journal of Zoo and Wildlife Medicine 
24:245-255. 

Jacobson, E.R. and Whitford, W.G.1971. Physiologi• 
cal responses to temperature in the patch-nosed 
snake. Salvadora ~xalepis. Herpetologica 
27:289-295. 

Jaeger, J.R., Riddle, B.R., Jennings, R.D .. and 
Bradford, D.f. 2001. Rediscovering Rana 011c.:1: 

evidence for phylogenetic ally distinct leopard 
frogs from the border region of Nevada, Utah, 
and Arizona. Copeia 2001:339-354. 

Jancowski, K. and Orchard, S. 201J. Stomach 
contents from invasive American bullfrogs RalUI 
catesbeiana (~ Whobates catubeia11us) on 
southern Vancouver Island. British Columbia, 
Canada. NeoBiota 16:17- 37. 

Janzen. F.J ., Krem;, f.G., Haselkorn, T.S .. and 
Brodie, E. D. 2002. Molecular phylogeography of 
common garter snakes (Tl1amnopl1is sirtalis) in 
western North America: implications for 1egional 
historical forces. Molecular Ecology 1r:r7>9-1751. 

Jayne, B.C. and Bennett. A.F. 1990. Sel~ction on 
locomotor performance capacity in a natural 
population of garter snakes. Evolution 
44:12.04-1229. 

Jennings, M.R. 1984. Longevity records for lizards 
of the family Helodermatidae. Bulletin of the 
Maryland Herpetological Society 20:22-23. 

Jennings, M.R. x987. lmpa(t of the curio trade for 
San Diego horned lizards (Phrynosoma corcm11lum 
blainvillii) in the Los Angeles basin. California: 
r885-1930. Journal of Herpetology 2r:~s6-358. 

Jennings. M.R. r988a. Natuzal history and decline 
of native ranids in California, in De I.isle, H.F., 
Brown, P.R., Kaufman, B., and McGurty, B.M. 
(Eds): Proceedings of the Conference on 
California Herpetology. Spe~ial Publication No 4. 
Southwestern Herpetologists Society, Van Nuys, 
CA, pp.61-72. 

Jennings, M.R. 1988b. Origin of the population of 
Ri211a aurora drayl<>nii on Santa Cruz Island. 
California. Herpetological Review 1976. 

Jennings. M. R. 1988c. Phry11owma corcnatum. 
Catalogue of American Amphibians and Reptiles 
.p.8:1-5. 

Jennings. M.R. and Fuller, M.M. 2004. Origin and 
distribution of leopard frogs, Rana pipiens 
complex. in California. California Fish and Game 
90:u9-i39. 

Jennings. M.R. and Hayes, M.P. 1985. Pre-1900 
overharvestofCaliforni.a red-legged frogs (Rana 
aurora drayto11ii}: the inducement for bttllfrog 
(Rana catesbeiana) introduction. Herpetologica 
41:94-103. 

Jennings, M.R. and Hayes, M.P. 1994a. Amphibian 
and Reptile Species of Special Concern in 
California. California Department of Fish and 
Game, Inland Fisheries C•ivision. Rancho 
Cordova. 

Jennings, M.R. and Hayes. M.P. 1994b. Decline of 
native ranid frogs in tlte desert Southwest, in 
Brown, P.R. and Wright, J.W. (Eds): Herpetology 
of the North Amerkan Deserts, Proceedings of a 
Symposium. Special Publication No 5. South­
westem Herpetologists Society, Van Nuys, CA, 
pp.183-2u. 

Jennings, M.R. and Hayes, M.P. 2005. Natural 
history notes: Rana boylii. Coloration. Herpeto­
logkal Review 36A38. 

Jockusch. E.L .. Martinez-Solano. I .. Hansen. R.W .. 
and Wake, D.B. 2012. Morphological and molea1-
lar diversification of slender salamanders (Caudata: 
Plethodontidae: Batrachosepsj in the southern 
Sierrae Nevada of California with descriptions of 
two new species. Zoo1axa 3190:1-30. 

Jockusch. E.L. and Wake, D.'B. 2.002. Fallingap.m 
and merging: diversification of slender salaman• 
<krs (Plethodontidae: Batniclloseps) in the 
American West. Biological Journal of the 
Linnean Society 7(>:361-391. 

LITERATURE CITEO 32•9 



Jockusch, E.L., Wake, D.B., and Yanev, K.P. 199S. 
New species of B11troch1mps (Caudata: Pletho­
dontidae) from the Sierra Nevad,, California. Los 
Angeles County Museum Contributions in 
Science 472:1-17. 

Jockusch, £.L .. Yanev. K.P .. and Wake. O.B. 2001. 

Molecular phylogenetic analysis of slender 
salamanders. genus Batmdio1ep.s (Amphibia: 
Plethodontidae), from cenlral coastal California 
with descriptions of four new species. Herpeto• 
logical Monographs 1n4-99. 

(ohnson, J .. Thomson, R.C., Micheletti, S .. and 
Shaffer, H.B. 2010. The otigin of tiger salaman• 
der populations in California: introductions or 
relicts? Conservation Genetics 12:35-370. 

(ones. K.B. 1983. Movement patterns and foraging 
ecology of Gila monsters ( Helodtrma 5usputum 
Cope) in northwestern Arizona. Herpetologica 
39:247-25}. 

(oseph, M.B., Piovia•Srntt, J., Lawler, S.P., Pope, 
K.L. 20H. Indirect effects of introduced trou1 on 
Cascades frogs !Rana cascadacl via shared 
aquatic. prey. Freshwater .Biology 56:828-838. 

Kagarise Sherman. C. 1980. A Comparison of the 
Natural History and Mating Syslem of Two 
Anurans: Yosemite Toads (Bufa c,:rnorus) and 
Black Toads (Bufo £Xsul). PhD Di~sertation. 
University of Michigan, Ann Arbor. 

'Kagarise Sherman, C. and 1vforton, M.L. 1984. 
The load that stays on its toes. Natural History 
9}72 -78. 

Kagarise Sherman. C. and Morton. M.L. 1993. 
Population declines of Yosemite to.i.ds in the 
eastern Sierra Nevada of California. Journal of 
Herpetology 27:186-198. 

!Carlstrom. E. L. 1962. The toad genus Bu/o in 
the Sierra Nevada of California: ecological 
and systematic relationships. University 
of California Publications in Zoology 62: 
1-104. 

Karlst1om, E.L. and Livezey, R.L. 1955. The eggs 
and larvae oft he Yosemite toad Bufc, canorus 
Camp. Herpetologica 11:221-227. 

Karraker. N.E. 1999. Natural hisrory notes: 
Rhyacotriton varieg11tus. Nest site. Herpetological 
Review ~0:160-161. 

Karraker. N.E .. Pilliod, D.S .. Adams. M.J .. Bull. 
E.L., Corn, P.S., Diller, L.V., Dupuis, L.A. et al. 
2006. Taxonomic variation in oviposition by 
tailed frogs (Ascaphus spp}. Northwestern 
Naturalist 87:87-97. 

Kats. L.B .. Breeding. J.A .. Hanson. K.M., and 
Smith, P. 1994. Ontogenetic changes in 
California newts (Tt1richa torosa) in response to 
chemical cues from conspecific predators. 

3}0 LITHATUS.E CITED 

Journal of the North American Benthological 
Society 13=3:l.l - 325. 

Kats. Lit, 'F.lliott, S.A., .rnd Currens.!. 1992. 
lntraspe<ific oophagy in stream-breeding 
California newts (Taricka torosa). Herpetological 
Review 23:7-8. 

Kelly, P.A .. Phillips, S.E., and Williams, D.F. 200s. 

Docomenting ecological change in time and 
space: the San Joaquin Valley of California, in 
Lacey, F,.A. and Myers, P. (Eds): Mammalian 
Diversification: from Chromosomes to Phyloge• 
ography (a Celebration of the Career of James L. 
Patton), University of California Publications in 
Zoology. Berkeley, pp.57-78. 

Kennicott, R. 1860. Descriptions of new species of 
Noith American serpents in the Museum ofthe 
Smithsonian Institution. Washington. Proceed­
ings of the Academy of Natural Sdences of 
Philadelphia 12:328-338. 

Kephart, D.G. and Arnold, S.J. 1982. Garter snake 
diets in a fluctuating environment: a seven-year 
study. llcology 63:1232-1236. 

Kerby, J.L. and Kats, L. 1998. Modified interactions 
between salamander lifo stages caused by 
wildfire-induced sedimentation. Ecology 
79740-745. 

Kerby. J.l... Richards-l·lrdlicka, K.L.. Storfer, A., and 

Skelly, D.K. 2010. An examination of amphibian 
sensitivity to environmental contaminants: are 
amphibians poor canaries? E<ology Letters 
13:60-67. 

Kessel, E.L. and Kessel, B.E. 1943a. The rate of 
growth of the young larvae of the Pacific gfant 
salamander. Dicamptodon ensai,is (Eschsch.ollz). 
The Wasmann Collector po&-111. 

Kessel. E.I.. and Kessel. B.B. 1943b. The rate of 
growth of the older larvae of the Pacific giant 
salamander, Dicamplodon ensat11s {Eschscholtzl. 
The Wasmann Collector 5:141-142.. 

Kessel, E.L. and Kessel. B.B. 1944. Metamorphosis 
of the p.acific giant salamander, Dicampl()don 
ensatlLS (Eschscholtz). The \Vasmann Collector 
6:38-48. 

Kiesecker. J.M. and Blaustein, A.R.1998. Effws of 
introduced bullfrogs and smallrnouth bass on 
microhabitat use, growth, and survival of native 
red-legged frogs (Ra11a aurora). Conservation 
Biology 12:776-7'/,7. 

Kiesecker. J.M. and Blaustein, A.R. 1999. Pathogen 
reverses competition between larval amphibians. 
Ewlogy 80:2442-2448. 

Kimball, S. and Schiffman. P.A. 2003. 

Differing effects of cattle grazing on native 
and alien plants. Conservation Biology 
17=1681-1693. 



King, K.A., Martinez, C.T., and Rosen, P.C. 1996. 
Contaminants in Sonoran mud turtles from 
Quitobaquito Springs, Organ Pipe Cactus 
National Monument, Arizona. United States 
Fish and Wildlife Service. Region 2, 

Phoenix, AZ. 
King, T. and Robbins, M. 1991. A status survey of 

Kinoster1Wn sonorittise and Bujo alvarius along the 
California side of the lower Colorado River Basin. 
California Department of Fish and Game, Inland 
Fisheries, Rancho Cordova. 

Kingsbury, B.A. 1989. Fae lots influendng activity 
in Coleonyx variegalus. foumal of Herpetology 
2.3:399-4o4. 

Kirk. J.J.1988. Western spotted frog (Rana prttiosa) 
mortality following forest spraying of DDT. 
Herpetological Review 19:p-53. 

Klauber, L.M. 192-4- Notes on the distribution of 
snakes in San Diego County. California. Bulletin 
of the Zoological Society of San Diego 1: 1-2J, 

Klauber, L.M. 1928. A list of the amphibians and 
reptiles of San Diego County, California. Bulletin 
of the Zoological Society of San Diego 4:1-8. 

Klauber, L.M. 1929. Range e,ctensions in Califor. 
nia. Copeia 1929:15-22. 

Klauber, L.M. 1930. A list of the amphibians and 
reptiles of San Diego County, California. Bulletin 
of the Zoological Society of San Diego p-8. 

Klauber, L.M. 1931. A statistical survey of the 
snakes of the southern border of California. 
Bulletin of the ZOQlogical Society of San Diego 
S:1-9}, 

Klauber, L.M.1934. An annotated list of the 
amphibians and reptiles of the southern border 
of California. Bulletin of the Zoological Society 
of San Diego 11:1-28. 

Klauber, L.M. 1936. The horned lizards of the 
coronatum group. Copeia 1936:10~-no. 

Klauber. L.M. 19}9· Studies of reptile life in the arid 
southwest. Bulletin of the Zoological Society of 
San Diego 14:1-100. 

Klauber. L.M. 1945. The geckos of the genus 
Colronyx with descriptions of new subspecies. 
Transactions of the San Diego Society of Natural 
H istoty 10:133-216. 

Klaube1, L.M. 1946. The glos~y snake, Arizomz. 
with desniptions of new subspecies. Tr ansac­
tions of the San Diego Society of Natural History 
w:311-,98. 

Klauber, L.M. 1956. Rattlesnakes: Their llabits, Life 
Histories and Influence on Mankind. Vols. 1-2, 
Unive1sity of California Press. Los Angeles. 

Kluge. A.G. 1966. A new pelobatine frog from the 
lower Miocene of South Dakota with a discussion 
of the evolution of the Scaphiopus-Spea complex. 

Los Angeles County Museum of Natural History 
up-2.6. 

Knapp, R.A. 2005. Effects of nonnative fish and 
habitat characteristics on lentic herpetofauna in 
Yosemite National Park. U.S.A. Biological 
ConservatiQn 121:2.65-279. 

Knapp, R.A. and Matthews. K.R. 2000. Non-native 
fish introductions and the decline of the 
mountain yellow-legged frog from within 
protected areas. Consel'\'ation Biology 
14:428-438. 

Knowles. N. and Cayan, D.R. 2002. Potential effects 
of global warming on the Sac1amento/San 
Joaquin W.ltershed and the San Francisco 
estuary. Geophysical Research Letters 
29:1891-189s. 

Knowles, N. and Cayan, D.R. 2004. Elevational 
dependence of p1ojected changes in the San 
F1ancisco estuary and watershed. Climatic 
Change 62:319-336. 

Knowlton. C.F. 1944. Some insect food of Rana 
pipitns. Copeia 1944: 119. 

Kud1ta. S.R. 2005. Taric:1111 lerosa, in Lannoo, M.f. 
(Ed.): Amphibian Declines: The Conservation 
Status of United States Species, University of 
California Press. Berkeley, pp.904-908. 

Kuchta. S.R. 2007. Contact zones and .~pecies 
limits: hybridization between lineages of the 
California newt, Tari,ha torosa, in the southern 
Sierra Nevada. Herpctologica 6r3p-350. 

Kuchta, S.R. and Tan, A.M. 2006a. Limited genetic 
variation across the range of the red-bellied newt, 
Taricha rivularis. Journal of Herpetology 
40:561-565. 

Kuchta, S.R. and Tan, A.M. 200Gb. Lineage 
diversiftcation on an evolving landscape: 
phylogeography of the California newt, Ta rich a 
lorosa (Caudata: Salamandridae). Biological 
Journal of the Linnean Society 89: 213-239. 

Kuhnz, t. 2000. Microhabitats and Home Range of 
the California Legless Lizard Using Biotelemetry. 
Master's Thesis. California State University. San 
Jose. 

Kuhnz. L.. Burton. R., Slattery, P .• and Oakden, J. 
zoos. Microhabitats and population densities of 
California legless lizards, with comments on 
effectiveness of various techniques for estimat• 
ing numbers offossori3( reptiles. Journal of 
Herpetology 39:395-402, 

Kupferberg, S.J. 1996a. Hydcologit: and geomorphic 
factors affecting conservation of a river-breeding 
frog (Rana bo)IUi). Ecological Applications. 
6:1n2-1344. 

Kupferberg. S.). 1996b. The Ecology of Native 
Tadpoles j Rana boylii and Nyla regiHa) and the 

llTHATUR£ CITED )31 



Impact of Invading Bullfrogs (Rana c'1tesbeiana) 
in a Northern California River. PhD Dissertation. 
University of California. Berkeley. 

Kupferberg. S.J. 1997. Bullfrog (Ra11a catesbeiima) 
Invasion of a California River: The Role of Larval 
Competition. Ecology 78:17>6-1751. 

Kupferberg, S.J., Catenazzi, A., Lunde, K., Lind, 
A.J .. and Palen. W.J. 2.009a. Parasitic copl'pod 
(Lanaea cyprinacea) outbreaks in foothill 
yellow-legged frogs ( Rana boy/ii) linked to 
unusu.illy warm summers and amphibian 
malformations in northern California. Copeia 
2009:529-537. 

Kupferberg, S.J .. Lind, A.J .. Mount, J., and Yarnell. 
S. 20091.>. Pulsed Flow Effects on Foothill 
Yellow.I.egged Frog (Rana bot·lii): Integration of 
Empirical, Experimental, and Hydrodynamic 
Modeling Approaches. Report. California Energy 
Commission, PIER, Sacramento. 

Kuprerl>erg. S.J., Lind. A./., and Palen. W.J. 2009c. 
Pulsed Flow Effects on the Foothill Yellow•legged 
frog (R1111a boy/ii): Population Modeling. Report. 
California Energy Commission, PIER. Sacr~mento. 

Kupferberg, S.J., Lind, A.) .. Thill, V., and Yarnell. 
S.M. 2011. Watcr velocity tolerance in tadpolcs of 
the foothill yellow-leggecl frog (R11n1J l,oylii): 
swimming performance. growth and survival. 
Copeia :2011:141-152. 

Kupfctbcrg. S.J., Palen. W.J., Lind. A.)., Bobzien. S., 
Catenazzi. A .. Drennan. J .. and Power. M.E. 
2.012. Effects of flow regimes altered by dams on 
survival. population declines. and range-wide 
losses of California river-breeding frogs. 
Conservation Biology 26 :513-524. 

La Berteaux, D.L. and Garlinger, 8. 1-1. 1998. Inyo 
California Towhee (Pipilo crissalis eremophilus) 
Census in the Argus and Coso Mountain Ranges, 
Inyo County, California. Contrac.t N2474· 
90-M-Jll}- Naval Air Weapons St.ition, China 
Lake.CA. 

La Rivers. I. 1942. Some new amphibian and reptile 
records for Nevada. Journal of Entomology and 
Zoology }4:53-68. 

1.acan, £.. Matthews, r<.. and Feldman, K. 2008. 

Interaction of an introduced predator with future 
effects of climate change in the recruitment 
dynamics of the imperiled Sierra Nevada 
yellow-legged frog (.Rana sierrae). Herpetological 
Conservation and Biology 3::1.11-223. 

Lande, R. 1988. Genet ks and demography in 
biological conservation. Science .241:r455. 

Langen, T.A., Ogden, K.M .. and Schwarting, L.L. 
:1.009. Predicting hot spots of herpetofauna road 
mo11ality along highway networks. Journal of 
Wildlife Management 7): 104-u4. 

lJ2 LITERATURE CITED 

Lannoo. M.J .. ed. 2005. Amphibian Declines: The 
Conservation St.uus of United States Spede-s. 
University of California Press. Betkeley. 

Lappin. A.K. an.d Swinney, E.J. 1999. Sexual 
dimorphism as it relates to natural history of 
leopard li?ards (Crotaphytidae: GambeliaJ. 
Copeia 1999:649-660. 

Larsen, K.W., Gregory, P.T., and Antoniak, R. 1993. 
Reproductive ecology of the common garter 
snake Thamncphis sirtalis at tile northern limit of 
its range. The American Midland Naturalist 
i29:,36-345. 

Larson, A. 1980. Paedomorphosis in relation to 
rates of morphological and molecular evolution 
in the salamander Aneides jlavip1mci11t11s 
(Amphibia. Plcthodontidae). Evolution 34: 
1-17. 

Larson. M.D. :1.012. Diet of the Cascades Frog (Rana 
cuscadae) as It Relates to Prey Availability in the 
Klamath Mountains of Northwest California. 
Master's Thesis. Humboldt St.lte University, 
An:ata. 

Larson. N.M. r984. Geographic Variation in the 
Two-Striped Garter Snake. Thattmophis liam111011-
dii. Master's Thesis. California State Polytechnic 
University, Pomona. 

Lawler./.) .. Shafer. S.L., Bancroft, B.A., and 
Blaustein, A.R. 2010. Projecte<l climate impacts 
for the amphibians of the western hemispJ1ere. 
Conservation Biology 24:3&-50. 

Lawler, S.P., Oritz. D .. Strange, T., ,md Holyoak, M. 
1999. Effects of introduced mosq,1itofish and 
bullfrogs on the threatened California red-legged 
frog. Conservation Biology 13=613-622. 

Lawson, R. and Dessauer, H.C. 1979. Biochemical 
genetics and systematics of garter snakes of the 
Thamnopl1is dcgans, Th~mnopliis couchii and 
ThamnQp/iis ordinoides complex. Occasional 
Papers of the Museum of Zoology. Louisiana 
State University s6:1-2.4. 

Lazaroff, D.W., Rosen, P.C .. and Lowe, C.H. 2006. 
Amphibians, Reptiles. and Their Habitats at 
Sabino Canyon. University of Arizona Press. 
Tucson. 

Le Conte, J. 1854. Description of four new species of 
Ki11ostw1um. Proceedings of the Academy of 
Natu1~l Sciences of Philadelphia 7:180-190. 

Leache, A.D .. Koo. M.S .. Spencer, C.L .. Papenfuss, 
T.J .. Fisher, R.N .. and McGuire, J.A. 2009. 

Quantifying ecological, morphological. and 
genetic variation to delimit species in the coast 
horned lizard species complex (Phrynosoma). 
Proce<:dings of the National Academy of Sciences 
of the United States of America 
106:12418-12423. 



Leache, A.D. and Mulcahy, D.G. 2007. Phylogeny. 
divergence times and species limits of spiny 
lizards (S,elopQrus magister species group) in 
western North American deserts and Baja 
California. Molecular Ecology 16:p16-5233. 

Leatherman. B. 1996. Natural history notes: 
Phrynosoma coronatum 1,/ainvillii. Conservation. 
Herpetological Review 27:80. 

Leavitt, D.H., Bezy, R.L., Crandall, K.A., and Sites, 
f. 2007. Multi-locus DNA sequence data reveal a. 
history of deep cryptic vicariance and habitat. 
driven convergence in the desert night lizard 
X1m1usill vigilis spedes complex (Squamata: 
Xantusiidaej. Molecular Ecology 16:4455-4481. 

Lebassi. B .. Gonzale.:, J .. Fal>ris, D., Maurer. E., 
Miller. N .. Milesi, C., Switzer. P .. and l\omstein. 
R. 2009. Observe« 1970-2005 cooling of 
summer daytime temperatures in coastal 
California. Journal of Climate 22:3558-3573. 

Lee, J.C. 1975. The autccology of X11tttusi11 hcnshaivi 
l1enshawi {Sauria: Xantusiidae). Transactions of 
the San Diego Society of Natucal Histo1·y 
ir2s9-278. 

Leidy, R.A., Gonsolin, E., and Leidy, G.A. 2009. 
Late-summer aggregation of the foothill yellow­
legged frog ( Rane, &oylii} in central California. The 
Southwestern Naturalist 54:367-368. 

J,emm, J.M. 2006. Field Guide to Amphibians and 
Reptiles of the San Diego Region. U nivcrsity of 
California Press. Berkeley. 

Lenihan, J.M., Bachelet, D .. Neilson, R.P., and 
Drapek, R. 2008. Response of vegetation 
distribution, ecosystem productivity, and fire to 

di mate change scenarios for California. Climatic 
Change 87: S2t5-S230. 

Leviton, A.E. and Banta, B.H. 1964. Mid-winter 
reconnaissance of the herpetofauna of the Cape 
Region of Baja California. Mexico. Proceedings of 
the California Academy of Sciences 4:r:a.7-156. 

Leyse, K. 2005. Intentional Introductions and 
Biodiversity in Fishless Waters: The Effects of 
Introduced fish on Native Aquatic Species. PhD 
Dissertation. University of California. Davis. 

Licht. L.E. 1969. Comparative breeding behavior of 
the red-legged frog (Rr.11a aurora aurora) and the 
western spotted frog ( Ranp pn:tiosp pretiosa) \n 
southwestern British Columl,ia. Canadian 
Journal of Zoology 47:1287-1299. 

Licht, L.E. 1971. Breeding habits and embryonic 
thermal requirements of the frogs, Rana aurora 
aurora and Rana pretiosa pretiosa. in the Pacifi( 
Northwest ~cology 51.:116-124. 

Licht, L.E.1974. Survival of embryos, tadpoles. and 
adults of the frogs Rema 1<uror« aurora and R1m11 

preliose1 pretiosa sympatric in southwestern 

British Columbfo. Canadian Journal ofZQology 
p:613-627. 

Licht. L.E. 1986a. Comparative escape behavior of 
sympatric Rana aurora and Rana pret~sa. The 
American Midland Naturalist 11r239-:1.47. 

Licht, L.E. 1986b. Food and feeding behavior of 
sympatric red-legged frogs, Rat1a aurora, and 
spotted frogs, Rana prcliosa, in southwestern 
British Columbia. Canadian Field-Naturalist 
100:z.2-31. 

Licht, L.E. 1991. Habitat selection of Rana pipiens 
and Reina sylvutica during exposure to warm and 
cold temperatures. The American Midland 
Naturalist 125:259-268. 

Licht, P. and Brown, A. L967. Behavioral ther• 
moregulation and its role in ecology of red-bellied 
newt, Tari,ha rivularis. Ecology 48:598-611. 

Ligon. D.B. and Peterson. C.C. z.002. Physiological 
and behavioral variation in estivation among 
mud turtles (Kinoslernon spp.). Physiological and 
Biochemical Zoology 75: 2.83-293. 

Ligon. D.B. and Stone. P. 2003. Radiotclemetry 
reveals terrestrial estivation in Sonoran mud 
turtles (Kilwslerno11 sonoriense). Journal of 
Herpetology }7:750-754. 

Lind, A.J. 200s, Reintroduction of a Dedining 
Amphibian: Determining an Ecologically Feasible 
Approach for the Foothill Yellow-Legged Frog 
( Rana boy!ii) through Analysis of Decline factors, 
Genetic Structure, and Habitat Associations. PhD 
Dissertation. University of California, Davis. 

Lind, A.J .. Bettaso, J.B., and Yarnell, S.M. 2003, 

Natural history notes: Rana boylii and Rana 
catesbeia11a. Reproductive behavior. Herpetologi• 
cal Review 34:23s, 

Lind, A.J., Spinks, P.Q., Fellers, G.M., and Shaffer, 
H.B. 2011. Rangewide phylogeography and 
landscape genetics of the western U.S. endemic 
frog Rana boylii (RanidacJ: implications for the 
conservation of frogs and rivers. Conservation 
Genetics 12:269-284. 

Lind. A.J., Welsh. H.H .. Jr .. and Wilson, R.A. 1996. 
The effects of a dam on breeding habitat and egg 
survival of the foothill yellow-legged frog !Ra1111 
boylii) in northwestern California. Herpetological 
Review 27:61.-67. 

Linnaeus, C. 1758. Systema Naturae, Edition 10. 
lmpensis Direct. Laurentii Salvii. Stockholm. 
(In Swedish) 

Linsdale, J.M. 1932. Amphibians and reptiles from 
Lower C.ilifornia. University of California 
Publications in Zoology 38:~45-386. 

Linzey. D.W. 1967. Food of the leopard frog, Ran(! p. 
pipiens, in central New York. Herpetologica 
:1.p1-17. 

LITERATURE CITED 33} 



Liss, W.J. and Larson. G.L. r991. Ecological effects 
of stoclced trout on notth Cascades naturally 
fishless lakes. Park Science 11:22-2+ 

Liss. W.[., Larson, G.t., Deimling. F.., Ganio, L.M., 
Gress well, R., Hoffman, R., Kiss, M. et al. 1995. 
Ecological effects of stocked trout in naturally 
fishless high mounrain lakes. Technical Report 
NPS/PNROSU/NRTR-95-03. North Cascades 
National Park Service Complex, United States 
National Park Service, Seattle, WA. 

Livezey. R.L. 1955. A northward range extension for 
Rufo cimorus Camp. llerpetologica 11: 2.12. 

Lockington, W.N. 1879. NQtes on some 1eptiles and 
'Batrachia of 1he Pacific CoasL American 
Naturalist ,3:780-783. 

Loomis, ltB. 1965. The yellow-legged frog, R1:11111 

boylii. from the Sierra San Pedro Martir. Baja 
California Norte. Mexico. Herpetologica 
21:78-80. 

Lovich. J. and Meyer, K. 2002. The we$tem pond 
turtle (Cle111111ys marmomta) in the Mojave River. 
C:iliforni3, U.S.A.: highly adapted survivor or 
tenuous relict? Journal of Zoology 256:537-545. 

J.ovich, J.I!. and Beaman, K.R. 2007. A history of 
Gila monst-=:i {Hefodumt1 s1tspe,1um dnclum) 
records from California with comments on 
factors affecling their dislribution. Bulletin of 
the So,1thern California Academy of Sciences 
106:39-58. 

Lovich, J.E. and Beaman, K.R. 2008. Distribution 
of native lurtles in the arid southwestern United 
Slates with comments on Kinoscert10n sonoriense: 
a species presumed to be lost from California's 
herpetofauna. in Reynolds, R.E. (Ed.): The 2008 

Desert Symposium Field Guide and Proceedings. 
California State University, Desert Studies 
Consortium and LSA Associates, Soda Springs, 
pp.127-134. 

Lovich, J.E., Drnst, C., .Monatesti. A.J .. Caspec. D .. 
Wood. D.A .. and Girard, M. zo10. Reptilian prey 
of the Sonora mud Turtle ( Kinost~rno11 sonoritrue) 
with comments on saurophagy and ophiophagy 
in North American turtles. The Southwestern 
Naturalist 5p35-138. 

Lovich. J.E. and Haxel. G. 2011. A previously 
unrepoited locality record foe the Gila Monster 
(Helodenna suspeclllm). Bulletin of the 
Southern California Academy of Sciences 
no:59-62. 

Lovich, J.E .. Madrak, S.V., Dro~t, C.A .. Monatesti, 
A.J .. Casper, D., and Znari, M. 2012. Optimal egg 
size in a suboptimal environment: reproductive 
ecology of female Sonora mud turtles (Kinoster• 
non sonoriense) in central Arizona. USA. 
Amphibia-Reptilia n:161-170. 

334 llTlll.ATVRE CITfl> 

Lovich, R.E. 2001. Phylogeograplty of the night 
li:i;aro, Xantusia Jienshau•i, in southern California: 
evolution across fault zones. Herpetologica 
57:470-487. 

Lovich, R.E. 2009a. Phylogeography an<l. Conserva­
tion of the Arroyo Toad ( Bufo calif()rnicus). PhD 
Dissertation. Loma Linda University. l.oma 
Linda.CA. 

Lovich. R.E. 20096. Sandstone night li:i;ard, in 
Jones, l.L.C. and Lovich, R.E. (Eds): Lizards of 
the American Southwest. Rio Nucvo. Tucson, 
AZ, pp.420-423. 

Lovich, R.E. and Grismer, L.L. 2001. X1:1n1usi1:1 
g.racilis. Catalogue of American Amphibians and 
Reptiles 77.2:1-2.. 

Lubckc, G.M. and Wilson, D.S. 2007. Variation in 
shell morphology of the western pond turtle 
(A~linemys marmoral,1 Baird and Girard) from 
three aquatic habitats in northern California. 
Journal of Herpetology 41:107-114. 

Luckenbach. RA and Bury. R.n. 1983. Effects of 
off-road vehides on the !,iota of the Algodones 
Dunes. Imperial County. California. The Journal 
of Applied Ecology 20:265-2.86. 

Lynch, J.F. 1974. Ontogcnctic and Geographic 
Vari.ation in the Morphology and Ecology of the 
Black Salamander (Aneidts flavipu~t1:11us1. PhD 
Dissertation. University of California. Berkeley. 

lynch, j.F. 19&1. Patterns ofontogenetic an<l 
geographic variation in the black salamander. 
Aneides jlm•ip,mctatus (Caudata: PlethodontidaeJ. 
Smithsonian Contributions to Zoology 324:1-B, 

l,ynch, J.f'. 198s. The feeding ecology of Aneides 
jfovipunc1a111s and sympatric plethodontid 
salamanders in northwestern Californi.a. Journal 
of Herpetology ,9:328-352. 

Macey, J.R. and Papenfuss, T.J. r991a. Amphibians. 
in Hall. C.A. (F.d.): Natural History of the White 
Inyo Range. University of California Press. 
Berkeley. pp.277-290. 

Macey. j.R. and Papenfuss, T.J. 1991b. Reptiles, 
Hall. C.A. (Ed.): Natural Histo1yoftheWhite 
Inyo Range. University of California Press, 
Berkeley, pp.291-360. 

Macey, J.R., Strasburg. J .. Brisson, J .. Vredenburg. 
V., Jennings, M., and Larson, A. 2oot. Mole<:ulac 
phylogenetics of western North American frogs 
of the Ra1111 boylii species group. Molecular 
Phylogenetics and Evolution 19:131-143. 

MacTague. I.. and Northen. P.T. 1993. Underwater 
vocalization by the foothill yellow-legged frog 
(Rana bo1•li). Tra11Sactions of the Western Section 
of the Wildlife Society 29:1-7. 

Mahrdt, C.R., Lovich; R .. and Zimmitti. S.J. 2002.. 

Natural history notes: 811fo califomicus. Habitat 



and population status. Herpetological Review 
3p23-u5. 

Mahrdt, C.R., McGuire, J.A., and Beaman, K.R. 
2010. G11mbelia copeii. Catalogue of Amerkan 
Amphibians and Reptiles 871:1-8. 

Marco, A. and Blaustein. A. 1999. The effects of 
nitrite on behavior and m,etamorphosis in 
Cascades frogs ( Rana ,ascadae). Environmental 
Toxicology and Chemistty tS:946-949. 

Marco, A., Quilchano, C., and Blaustein, A. 1999. 
Sensitivity to nitrate and nitrite in pond-breeding 
amphibians from the pacific northwest. U.S.A. 
Environmental Toxicology and Chemistry 
13:2.336-2839. 

Marks. S.B. and Doyle, D. 2.005. Taricha riv,daris. in 
Lannoo. M.J. (Ed.): Amphibian Declines: The 
Conservation Status of United States Spedes. 
University of California Press. Berkeley. 
pp.9or-908. 

Marlow. R.W., Brode. J.M., and Wake. D.B. 1979. A 
new salamander, gtnus Ba1rachoseps. from the 
Inyo Mountains of California: with a discussion 
of relationships in the genus. Contributions in 
Scie11ceofthe Natural History Museum of Los 
Angeles County 308:1-17. 

Martin, D.L. 2008. Dedine, Movement and Habitat 
Utilization ofthe Yosemite Toad (811/0 canon1s): 
An Endangered A nu ran .Endemic to the Sierra 
Nevada of California. PhD Dissertation. 
University of California, Santa Barbara. 

Martin K.J. and McComb, B.C. 200}. Amphibian 
habitat associations at patch and landscape scales 
in the central Oregon Coast Range. Journal of 
Wildlife M,magement 67:672.-683. 

Martin, R.F. 1972. Evidence from osteology, in 
Blair, W.F. (Ed.): Evolution in the Genus Bu.Jo. 
University of Texas Press. Austin, pp.37-70. 

Marty. J.T. 2005. Effects of cattle grazing on 
diversity in ephemeral wetlands. Conservation 
Biology 19:r626-1632. 

Ma$lin, T.P. and Secoy, D.M. 1986. A checklist of 
the lizard genus Cnemidophorus. Contributions 
in Zoology. University of Colorado Museum 
r:1-60. 

Matsuda, B.M. and Richardson. J.S. 2005- Move­
ment patterns and relative abundance of coastal 
tailed frogs in dcarcuts and mature forest 
stands. Canadian )ournal of Forest Research 
)p131-n38. 

Maurer. E.P. 2007. Uncertainty in hydrologic 
impacts of climate change in thf! Sierra Nevada, 
California, under two emissions scenarios. 
Climatic Change 82.:309-325. 

Maurer. E.P. and Duffy. P.B. :1.005. Uncertainly in 
projections of streamflow changes due to climate 

change in California. Geophysical Reseuch 
Letters 32,:Lo3704. 

Mautz, W.J. 1979. The metabolism of reclusive 
lizards. the Xantusiidae. Copeia 1979;577-s84. 

Mautz. W.J. and Cise, T.J.1974. A diurn.il activity 
cycle in the granite night lizard, Xa111usi11 
~nshawi. Copeia r974:243-25r. 

Mayhew. W.W. 1962. Scapl1iop1,s couchii in Califor­
nia's Colorado Desert. Herpetologka 18:15;-161. 

Mayhew, WW. 1964a. Photoperiodic responses in 
three species of the lizard genus Uma. Herpeto• 
logica 20:95-113. 

Mayhew, W.W. 1964b. Taxonomic status of 
California populations of the lizard genus Uma. 
Herpetologica 20:170-183. 

Mayhew, W.W. 1965. Adaptations of the amphibian, 
Scapltiopus coucki. to desert conditions. The 
American Midland Naturalist 74:95-109. 

Mayhew. W.W. 1966. Reproduction in the psam­
rnophilous hzard Uma scoparia. Copei:a 
1966:114-122. 

Mayhew, W.W. 1968. Biology of desert amphibians 
and reptiles, in Brown, G.W.J. {Ed.1: Desert 
Biology, Vol. 1. Academic Press, New York, 
pp.i95-3s6. 

Mazerolle, M.J. 2004. Amphibian road mortality in 
response to nightly variations in traffic intensity. 
Herpetologica 60:45-53. 

Mazerolle. M.J., Railey. 1,.1.., Kendall. W,1,., Andrew, 
R.J .. Converse, S.J., and Nichols, J.D. 2007. 
Making great leaps forward: accounting for 
detectability in herpetological field studies. 
fournal of Herpetology 4r:672-689. 

McAllister, K.R. and Leona,d, W.P. 1997. Washing• 
ton Stat-:: status report for the Oregon spotted 
frog. Washington Department of Fish and 
Wildlife, Olympia. 38pp. 

McAllister. K.R .. Leonard. W. P .. and Storm. R.M. 
1993. Spotted frog (Rana pretios:a) surveys in the 
Puget trough of Washington, 1989-1991. 
Northwestern Naturalist 74: 10-15. 

McCauley, R.H. 1945. The Reptiles of Maryland and 
the Dist1ict of Columbia. Free t>ress Printing Co., 
Burlington, VT. 

McClanahan, L .. Jr. 1967. Adaptations of the 
spadefuot toad Scaphiopus co11chii, to desert 
environments. Comparative Biochemistry and 
Physiology 207}-99· 

McComb. W.C .. McGarigal. K .. and Anthony. R.G. 
1993. Small mammal and amphibian abundance 
in streamside and upslope habitats of mature 
Douglas-fir stands. western Oregon. Northwest 
Science 67:7-15. 

McGrann. M .. Wright. G .. Dial, R.. and McGrann. 
A. 2006. Off.highway vehicle impact on the 

UU!\Al'Ul(E CITED 335 



flat-tailed homed lizard. Pkryn()som<1 mcallii, in 
the Colorado Desert of southern California. 
California Fish and Game 92:67-80. 

McGuire. J.A. 1996. Phylogenetic systematics of 
crotaphytid lizards {Reptilia: lguania: Crotaphyti• 
dae). Bulletin of Carnegie Museum of Natural 
History 32:1-143. 

McGuire. J.A. and Grismer, LL. i993. The 
taxonomy and biogeography of Thamnophis 
hammondii and T. digueli {Reptilia: Squamata: 
Colubridae) in Baja California, Mexico, Hcrpeto• 
logica 49:3H-365. 

McGuire, J.A., Linkem, C.W., Koo, M.S., Hutchison. 
D.W., Lappin. A.K .. Orange. D.I., Lemos-Espinal. 
J .. Riddle, B.R., and Jaeger. J.R. 2007. Mitochon• 
drfal introgression and incomplete lineage 
sorting through space and time: phylogenetics of 
Crotaphytid lizards. Evolution 61:2879-2897. 

Metter, D.I::. 1964. A morphological and ecological 
comparison of .2 populations of Ascapkus lrnei 
Stejneger. Copeia 1964:1&1-195. 

Miller. A.H. and Stebbins, R.C. 1964. The Lives of 
Desert Animals in (oshua Tree National 
Monument. University of California Press. 
Berkeley. 

Miller, C.M. 1944. Ecologic relations and ad::ipta. 
lions of the limbless lizards of the genus 
Annie/la. F.cological Monographs 14: z.71-,189. 

Miller, D.A.W., Brehme, C.S., Hines, J.E., Nichols, 
J.D., and Fisher, R.N. 2012. Joint estimation of 
hal,itat dynamics and species interactiom: 
disturban,e reduces co-occurrence of non-native 
predators with an endangered toad. The Journal 
of Animal Ecology 81:1z.88-u97. 

Miller. M.P .. Haig. S.M .. and Wagner. R.S. 2006. 

Phylogeography and spatial genetic structure of 
the southern torrent salamander: implications for 
conservation ~nd management. foumal of 
Heredity 97'.561-570. 

Minnich, J.E. and Shoemaker. V.H. 1972. Water and 
electrolyte turnover in a field population of the 
lizard, Uma scoparia. Copeia 1972:650-659. 

Mitchell. J.C. 1994. Reptiles of Virginia. Smithso• 
nian Books, Washington. DC. 

Mitrovich, M.J. 2006. A Case Study in Conserva­
tion Science: The Spatial Ecology and Evolution• 
ary History of the Coachwhip Snake {Masticcphis 
.flagellum) and Striped Rac:er (Maslitophis 
late-ralis). PhD Dissertation. San Diego State 
University, San Diego, CA. 

Mitrovich, M,J .. Diffondorfcr, J.£., and fisher. R.N. 
2.009. Behavioral response of the coachwhip 
tMa$ticophis flagellum) to habitat fragment size 
and isolation in an urban landscape. Journal of 
Herpetology 43:646-656. 

336 LITHJ\TUl<E CITED 

Mitrovich. M.J., Gallegos, E.A., Lyren. L.M., Lovich, 
R.E .. and Fisher. R.N. 2011. Habitat use and 
movement of the endangered anoyo toad 
{A11axyrn$ califomicus) in Coastal Southern 
California. Journal of Herpetology 45:319-32-8. 

Mittleman, M.B. and Myers, G.S. 1949. Geographic 
variation in the ribbed frog, Ascaphus truei. 
Proceedings of the Biological Society of Washing• 
ton 62.:57-68. 

Monsen, K.J. and Blouin, M.S. 200}. Genetic: 
structure in a montanc ranid frog: restricted 
gene fl.ow and nucle.1r-mitochond1ial disc01d• 
a nee. Molecular .Ecology 12.: 3275-}286. 

Monsen. K.J. and Blouin. M,S. 2004. Extreme 
isolation by distance in a montane frog Rana 
cascad<1e. Conservation Genetics 5:827-835. 

Montanucci, R.R. 1965. Observations on the !)an 
Joaquin leopard lizard. Crolaphyius wisliztnii 
situs. Herpetologica 21:270-2.83. 

Monlanucci. R.R. 1968. Notes on the distribution 
and ecology of ~ome li7.ards in the San Joaquin 
Valley, California. Herpetologica 24:3i6-320. 

Montanucci, R.R. 2004. Ce¢graphic variation in 
Plil)IM!O»ta coronatrim (l.acertilia. Phrynosomati• 
dae): further evidence for a peninsular archipel· 
ago. Herpeto!ogica 60:117-139. 

Morafka, D./. and Banta, B.H. 1976. Ecological 
relationships of the re«:nt hcrpctofauna of 
Pinnades National Monument, Monterey, and 
San Benito counties, California. The Wasmann 
Journal of Biology 34:304-324. 

Morey, S.R. 1998. Pool dmation influences age and 
body mass at metamorphosis in the western 
spadefoot toad: implications for vernal pool 
conservation. in Ecology, Conservation, and 
Management of Vernal Pool Ecosystems: 
Proceedings from a 1996 Conference. California 
Native Plant Society, Sacramento, pp.86-91. 

Morey, S.R. zoo5. Spea hiimmondii. in Lannoo, M.J. 
(Ed.): Amphibian Declines: The Conservation 
Status of United States Species. University of 
California Press, Berkeley, pp.514-517. 

Morey. S.R. and Guinn. D.A. 1992. Activity 
patterns, food habits. and changing ab\mdance in 
a community of vernal pool amphibians. in 
Williams, D.F., Byrne, S., and Rado, T.A. (Edsj: 
Endangered and Sensitive Species of the San 
Joaquin Valley, C3lifomia: Their Biology . 
Management, and Conservation. California 
Energy Commission and the Wildlife Society, 
Western Se<tion, Sacramento. pp.149-158. 

Morey, S.R. and Janes. D.N. 1994. Variation in 
larval habitat duration influences metamorphosis 
in Scapliicpus coucliii, in Brown, P.R. and Wright, 
J.W. (Eds): Herpetology of the North American 



Deserts. Special Publication No. 5, Southwestern 
Herpetologists Society. Van Nuys, CA. 

Morey, S.R. and Reznick, D. 2.001. Effects of larval 
density on postmetamorphic spa.defoot toads 
(Spell kammondii). Ecology 82:510-522. 

Morey. S.R. and Reznick. D.N. 2004. The relation­
ship between h3bitat permanence and larval 
development in California spadefoot toads: field 
and laboratory comparisons of developmental 
plasticity. Oikos 104:172-190. 

Morgan, J.A.T., Vredenburg, V.T., Rachowicz, L.J., 

Knapp. R.A., Stice. M.J .. Tunstall. T .. Bingham. 
R.E. et al. 2007. Population genetics of the 
frog-killing fungus BMrcuhcn:hytrium de11drC>bt!· 
1idis. Proceedings of the National Academy of 
Sciences of the United States of America. 
104:13845-13850. 

Moritz. C. 1994. Denning "Evolutionarily Signifi­
cant Units" for conservation. Trends in Ecology 
and Evolution ~n73-J7S· 

Morton, M.l. and Sokoloski, K.N. 1978. Sympatry in 
8ufo bC>rws and Bufo cMorus ,md additional 
evidence of nalural hybridization. Bulletin of the 
Southern Calirornia Acad.emyofSciences 
n:s;i.-55. 

Moshc1. H.S .. Fuh1man, F.A .. Buchwald. H.D., and 
Fischer. H.C. 1964. Tarichatoxin-letrodotoxin: a 
potent neurotoxin. Science 144:1100-iuo. 

Moyle. P.B. 1973. Effects of introduced bullfrogs, 
Rima catesbeia11u, on the native frogs of the San 
Joaquin Valley. California. Copcia 1973=1&-22. 

Moyle, P.B. 2002. Inland Fishes of California. 
University of California Press. Berkeley. 

Moyle. P.B .. Williams. 1.E .. and Wikramanayake. E.D. 
1989. Fish Species of Special Concern of Califor­
nia. California Department of Fish and Game. 
Inland Fisheries Division. Rancho Cordova. 

Moyle, P.B .. Yoshiyama, R.M .. Williams. J.E .. and 
Wikramanayake, F.. D. 1995. Fish species of 
special concern in California. 2nd ed. California 
Department of Fish and Game, Inland Fisheries 
Division, Rancho Cordova. 

Mulcahy. D., Spaulding. A., Mendelson, J .. and 
Brodie, E. 2006. Phylogeographyof1he Aat•tailed 
horned lizard (Phrynosoma mcallii) and systemat­
ics of the P. mcaflii.pllll}'rkinos mtDNA complex. 
Molecular £oology 15=1807-1826. 

Mullally, D.P. r953. Observations on the ecology of 
the toad B,ifocaiumu. Copeia 1953:182-183. 

Mullally, D.P. 1956. The relationships of the 
Yosemite and western toads. Herpetologica 
12:1.n-135. 

Mullen, L.B .. Woods. H.A., Schwartz. M.K .. 
Sepulveda. A.J .. and Lowe. W.H. 2.010. Scale­
dependent genetic s1ructure of the Jdaho giant 

salamander ( Dicamptodon aterrimus) in stream 
networks. Molecular Ecology 19:898-909. 

Mullin, S.J., Imbert. H., Fish. J.M., Ervin, E.t.. 
and Fisher, R.N. 2004. Snake (Colubridae: 
Tliamncphis) pre<latmy resp.,nses to 
chemical cues from n.itive and introduced prey 
species. The Southwestern Naturalist 
49:449-456. 

Murphy. R.W., Kovac. V .. Haddrath, 0., Allen, G., 
Fishbein. A .. and Mandrak. N. 1995. mtDNA 
gene sequence, allozyme, and morphological 
uniformity among red diamond rattlesnakes, 
Crotalus ruber and Crotalus e:11:sul. Canadian 
Journal of Zoology 73:2.70-.281. 

Murphy, R.W., Trepanier, T.L., and Morafka, D.J. 
.2006. Conservation genetics. evolution and 
distinct population segments of the Mojave 
fringe-toed lizard. Uma scoparia. Journal of A1id 
Environments 6r2.26-2,47. 

Musgrave. M .E. 1930. Bi,fo alvarius. a poisonous 
toad. Copeia 1930:96-99. 

Muth, A. and Fisher, M. 1991.. Development of 
Ba$e)ine Data and Procedures for Monitoring 
Populations of the Flat-Tailed Horned Lizard, 
Phry11osoma mcullii. Contract Report No. FG9268 
to California Department of Fish and Came, 
Sacramento. 

Myers. C.W. 1965. Biologyofth.e ringm:ck snake. 
Diadopliis p1u1Cta111s. Florida. Bulletin of the 
Florida State Museum, Biological Sciences 
10:43-90. 

Myecs, E.A., Rodriguez-Robles, ).A., Denardo, D.F., 
Staub. R.E., Stropoli, A., Ruane. S .. and Bur­
brink, F.T. 2.013. Multilocus phylogeographic 
assessment of the California Mountain King· 
snake ( l.atnpropellis Zl)nata) suggests .ilternativE­
patterns of diversification for the California 
Floristic Province. Molecular Ecology 
22:5418-5429. 

Myers, G.S. 1930. The stalus of the southern 
California toad, Bufo caJifomicllS Camp. Proceed­
ings of the Biological Society of Washington 
43:7>-78. 

Myers, G.S. and Maslin, T.P., Jr. 1948. The 
California p.lcthodont salamander, Aneides 
jlaviptmctatus (Strauch). with a description of a 
new subspedes and notes on other western 
Aneides. Proceedings of the Biological Society of 
Washington 61:127-1>8. 

Myers. N., Mittermeier. R.A .. Mittermeicr. C.G., da 
Fonseca, G.A.B., and Kent, J. 2000. Biodiversity 
hotspots for conservation priorities. Nature 
403:85}-858. 

Nagy, Z.T .. Lawson, R., loger, U., and Wink, M. 
i.004. Molecular systematics ofracers. whip-

I.ITF.ltA.TURE CITED Jl7 



snakes and relatives (Reptilia: CQlubridae) using 
mitochondrial and nuclear markers. fournal of 
Zoological Systematics and Evolutionary 
Research 42:223-233. 

N'ational Audubon Society. 2011. The Christma$ Bird 
Count Histori,111 Re.mllS. Available from http:// 
www.audubon.org. 

Newbold, T.A.S. 2005. Desert homed lizard 
(Ph11mos<m1a plaryrhinos) locomoto1 performance: 
the influence of cheatgrass (Bromus tectornm). 
The SQuthwcstcm Naturalist 50:17-23. 

Newman. R.A. 1989. Developmental plasticity of 
Scaphiopus couchii tadpoles in an unpredictable 
environment. Ecology 70: 1775-r787. 

Nielson, M., LQhman, K., Daugherty, C.H., 
Allendo1f. F.W .. Knudsen. K.L., and Sullivan, J. 
2006. Allozyme and mitochondrial DNA 
variation in the tailed frog {Anura: Ascapl111s): the 
influence of geography and gene Row. Herpeto­
logica 62:235-258. 

Nielson. M., Lohman, K., and Sullivan. J. 2oot. 
Phylogeographyofthe tailed frog (Ascaphus 
sruei): implications for the biogeographyofthe 
Pacific Northwest. F.volution 55=147-160. 

Nieto. N.C. 2004. Prevalence ofChytridiornycosis 
in Red-Legged Frog (Ran..i 11urora aurora) Larvae 
in and around Redwood National Park, Northern 
Coastal California, with Notes on Othc1 
Parasites. Master's Thesis. Humboldt State 
University. Arcata, CA. 

Noble, G.K. and Clausen. H.J. 1936. The aggrega­
tion behavior of Storeria dekayi and other 
snakes. with especial reference to the sense 
organs involved. Ecological Monographs 
6:269-316. 

Norris, K.S. 1949. Observations on the habits of the 
horned lizard Phr}'nosoma mrnllii. Copeia 
1949:176-180. 

Norris, K.S. 19s8. The evolution and systematics of 
the iguanid genus Uma and its relation to the 
evolution of Qther North American desert 
reptiles. Bulletin of the Amerian Museum of 
Natural History 114:2n-p6. 

Northwest Forest Plan. r994. Record of Decision 
for Amendments to F'Qrest Service and Bureau 
of Land Management Planning Docurnentis 
within the Range of the N'orthcm Spotted Owl. 
USDA Forest Service and USDI Burea of Land 
Management, Washington. DC, 74pp. 

Nussbaum. R.A. 1969. A nest site ofthe Olympic 
salamander. Rhy1m11riton olympiws (Gaige). 
Herpetologica 2.5:z77-278. 

~lussbaum. R.A. 1976. Geographic variation and 
systematics of salamanders of the genus 
Dicamptodon Strauch (Ambystomatidae). 

338 LITEI\A"IUl<E CITil) 

Miscellaneous Publications of the Museum of 
Zoology t49:1-94. 

Nussbaum. R.A .. Brodie. E .. and Storm, R. 198}. 
Amphibians and Reptiles of the Pacific North• 
west. University of Idaho Press, Moscow, ID. 

Nussbaum, R.A. and Tait, C.K. 1977. Aspects of the 
life history and ecology of the Olympic salaman• 
der, Rhyacotriton olympic"s (Gaige). The 
American Midland Naturalist 98:176-199. 

O'Donnell, R.P .. Staniland. K .. and Mason. R.T. 
2007. Experimental evidence that Qral secretions 
of northwestern ring-necked snakes (Diadopllis 
punctai1,s occidentalis) are toxic to their prey. 
Toxicon 50:810-815. 

O'Hara, R.1C. and Blaustein, A.R. 1981. An 
investigation of sibling recognition in Rana 
cascadae tadpoles. Animal Behaviour 
29:1121-112.6. 

O'Hara. R.K. and Blaustein. A.R. 1985. Rema 
cascadue tadpoles aggregate with siblings: an 
experimental field study. Oecologia 67:44-51. 

Ohmart, R.D .. Anderson. 8.W., and Hunter. W.C. 

1988. The ecology of the lower Colorado River 
from Davis Dam to the Mexico-United States 
international boundary: a community profile. 
United States fish and Wildlife Service Biological 
Report 85(7.19):1-296. 

Olson. D.H., Anderson. P.D., Frissell, C.A., Welsh, 
H.H., Jr., and Bradford, D.F. 2007. Biodiver.;ity 
management approaches for stream-riparian 
areas: perspectives fo1 Pacific Northwest headwa­
rer forests. microdimates. and amphibians. forest 
Ecology and Management 246:81-107. 

Olson. D.H. and Burnett. K.M. 2009. Design and 
management oflinkage areas across headwater 
drainages to conserve biodiversity in forest 
ecosystems. Fozest Ecolosy and Management 
258S:Sn7-S126. 

O'Regan, S.M., Palen, W.J .. and Anderson, S.C. 
2014. Climate warming mediates neg~tive 
impacts of rapid pond drying for three amphib• 
ian species. Ecology 95:845-85~. 

Ouren, D.S .. Haas, C., Melcher. C.P., Stewart. S.C .. 
Ponds. P.D., Sexton. N.R .. Burris, L., Fancher. T .. 
and Bowen. Z.H. 2.007. Environmental effects of 
off,highway vehicles on Bureau of Land Manage• 
ment lands: A Literature Synthesis. Annotated 
Bibliographies, Extensive Bibliographies, and 
Internet Resour<.es. Open-File Report 2007-1353. 
US Geologic.al Survey. Reston. VA. pp.1-225. 

Ovaska. K .. Hyatt, L .. and So~>uck, L. 2002. 
Geographic distribution: Ra11a aurora. Herpeto­
logical Review 3nr8. 

Pace, A. r974. Systematic and biological studies of 
the leopard frogs (Rana pipirnscomplex) of the 



United States. Miscellaneous publications of the 
Museum of Zoology, University of Michigan 
184:1-140. 

Packer, W.C. 1960. Bioclimatic influences on the 
breeding migration Qf Taricha rivularis. Ecology 
4qo9-517. 

Packer. W.C. 1961. Feeding behavior in adult 
Taricha. Copeia c961:,51-352. 

Packer, W.C. 1962. Aquatic homing behavior in 
Taricha riv1tlaris. Copeia 1962:207-208. 

Packer, W.C. 1963. Observations on the breeding 
migration of Turicl,a rivularis. Copeia 
1963: }78-J82' 

Padgett-Flohr. G.E. 2008. Pathogenicity of 
Batrrichochytrium dendrobatidis in two threatened 
Califumia amphibians: Rana drayionii and 
Ambystoma califomiense. Herpetological 
Conservation and Biology 3=182-191. 

Padgett-Flohr. G.E. :2.010. Landscape epidemiology 
of Batrache<:hytrium dcndr.,l,atidis in central 
California. Ecography 33:688-697. 

Padgett-Plohr, G.E. and Hayes, M.P. 2011. Assess­
ment of the vulnerability of the Oregon spotted 
frog (Rana prelfoSl"l) to the amphibian Chytrid 
fungus (Batrackochytrium dendrobatidis). Hcrcpto• 
logical Conservation and Biology 6:99-106. 

Padgett-Flohr, C.E. and Hopkins. R.L. 2009. 

Botrachochytrium d~ndrobaii,:iis, a novel p.ithogen 
approaching endemism in central California. 
Diseases of Aquatic Organisms 8p-9. 

Padgett-Flol1r, G.E. and Longcore, J.E. 2007-

Natural history notes: T11ric/1ri torosa. F11ngal 
infection. Herpetological Review 78:176-177. 

Palen, W.J. and Schindler, D.E. 2010. Water clarity. 
maternal behavior, and physiology combine to 
eliminate UV radiation risk to amphibians in a 
montane landscape. Proceedings of the National 
Academy of Sciences of the United States of 
America 107:9701-9706. 

Palen, W.J .. Schindler, D.E., Adams, M.J .. Pearl. 
C.A., Bury. R.B., and Diamond, S.A. 2002. 

Optical characteristics of natural waters protec:t 
amphibians from UV-Bin the U.S. Pacific 
northwest. Ecology 8}:2951-2957. 

Papenfuss, T.J. and Macey, J.R. 1986. A Review of 
the Population Status of the Inyo Mountains 
Salamander (Batracl,os,pscampi). Final Report 
under Order 10188-5671-s for the United States 
Fish and Wildlife Service. Endangered Species 
Office, Sacramento, CA. 

Papenfuss, T.J. and Parham. J .F. 2013. four new 
species of California legless lizards (Anniella). 
Breviora 536:1-17. 

Parham, J. and Papenfuss, T.J. 2009. High genetic 
diversity among fossorial lizard populations 

(Anniella pulckra) in a rapidly developing 
landscape (Central California). Conservation 
Genetics 10: 169-176. 

Parisi. M. jEd.). 2003. Atlas of the 'Biodiversity of 
California. California Department of Fish and 
Game, Sacramento. 

Parker. M.S. 1994. Feeding ecology of stream• 
dwelling Pacific giant salamander larvae 
{Di,omprodon wiebrosll!:). Copeia 1994705-718. 

Parker, W.S. and Brown, W.S. 1974, Notes on the 
ecology of regal ringneck snakes (Diadopllis 
puiiclatus regalis) in northern Utah. Journal of 
Herpetology 8:2.62-263. 

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

Parmesan, C . .1nd Yohe, C. 2003. A globally 
coherent fingerprint of climate change impacts 
across natural systems. Nature 421:J7-42. 

Patten, M.A. and Myers. S.J. 1992. Geographic 
distribution: Bufo califernic1ts. Hetpetological 
Review 23:122. 

Patten, R.B. and Banta, B.H. 1980. A rattlesnake, 
Crotalus ru&er, feeds on a road-killed animal. 
Journal of Herpetology 14:111-11:1.. 

Pauly. G.B .. Hillis. D.M., and Cannatella. D.C. 
2004. Tlte history of a nearctic colonization: 
mQ)ecular phylogenetics and biogeography of the 
nearctic toads. Evolution 58:i517-2535. 

Pauly, G.B., Hillis, D.M .. and Cannatella, D.C. 
2009. Taxonomic freedom and the role of official 
lists of species names. Herpetologica 65:115-128. 

Pearl, C.A. 2005. Rattri a11rora, in Lannoo, M.J. 

(Ed.): Amphibian Declines: The Conservation 
Status of United States Species. University of 
Californi~ Press, Berkeley, pp.58-530. 

Pearl, C.A. and Adams. M.J. 2005. Rana cas,adae. 
in Lannoo. M.J. (Ed.): Amphibian Declines: 
The Conservation Status of United States 
Species. University of California Press, 
Berkeley, pp. 5i8-S40. 

Pearl, C.A., Adams, M.J .. Bury, R.B., and McCreary, 
B. wo4. Asymmetrical effects of introduced 
bullfrogs (Rana calesbeiana) on native ranid frogs 
in Oregon. Copeia 2004:n-20. 

Pearl. C.A., Adams. M.J .. and Leuthold, N. 2009. 

Breeding habitat and local population size of the 
Oregon spotted frog JRa1111 preliosa) in Oregon, 
U.S.A. Northwestern Naturalist 90:1i6-147. 

Pearl, C.A, Adams, M.J .. Leuthold, N., and Bury, R. 
2oop. Amphibian occurrence and aquatic 
invaders in a changing landscape: implications 
for wetland mitigation in the Willamette Valley, 
Oregon, USA. Wetlands 2.s:76-88. 

UT£UTURE crr~o 339 



Pearl. C.A., Bowerman,/. and Knight, D. 2005b. 
Feeding behavior and aquatic habitat use by 
Oregon spotted frogs (Rana pretic.sa) in central 
Oregon. Northwestern N.atur.alist 86:36-38. 

Pearl, C.A., Bull, E.L .. Green. D.E., Bowerman, J., 
Adams. M.J .. Hyatt, A., and Wente, W.H. 2007. 
Occurrence of the amphibian pathogen B111m, 

d1<>ch}•triu1t1 dendroba1idis in the Pacific North· 
west. Journal ofllerpetology 41:r45- 149. 

Pearl, C.A. and Hayes. M.P. 2002. Predation by 
Oregon spotted frogs (Rana pretiosa) on western 
toads {Bufo bore.u) in Oregon. The American 
Midland Naturalist 147:145-152. 

Pearl. C.A. and Hayes. M.P. 2005. Runu pretiom. in 
Lannoo, M.J. (Ed.): Amphibian Declines: The 
Conservation Status of United States Species. 
University of California Press. Berkeley, 
pp.577-580. 

Pearl. C.A., Hayes. M.P., Haycock, R .. F.ngler. J.D .. 
and Bowerman. J. 2005c. Observations of 
intenpedfi.c amplexus between western North 
Amcri<:au ranid frogs and the introduced 
American bullfrog (Rana cat,sbeiam1) and an 
hypothesis concerning breeding interference. 
The American Midland Naturalist 154: 
126-134. 

Pearse. D. and Pogson, G. 2000. Parallel evolution 
of the melanic form of the California legless 
lizard, Annidla pufchra, inferred from mitochon• 
drial DNA sequence variation. Evolution 
54:1041-1046. 

Peek, R. 2010. l..andscape Genetics of foothill 
Yellow-Legged Frogs (Rana boy/iii in Regulated 
and Unregul.ited Rivers: Assessing Connectivity 
and Genetic Fragmentation. Master's Thesis. 
University of San Francisco, San Francisco, CA. 

Perkins, C.B. 1938. The snakes of San Diego 
County with descriptions and key. Bulletin of the 
Zoological Society of San Diego 13=1-66. 

Perry, G., Buchanan, B.W., Fisher, R.N., Salmon, 
M .. and Wise. S. E. 2008. Effects of artificial 
night lighting on amphibians and Teptiles 
in urban environments, in Mitchell, J.C., 
Brown, J .. and Bartholomew, B. (Eds}: 
Urban Herpet:ologv. Society for the Study of 
Amphibians and Reptiles. Salt Lake City. UT, 
pp.239-256. 

Perry, G. and Fisher, R.N. 2006. Night lights and 
reptiles: observed and potential effects. in Rich, 
C. and Longcore. T. (Eds): Ecological Coru,e­
quences of Artificial Night Lighting. Island 
Press. Washington, DC, pp.169-191. 

Petranka, J.W. 1998. Salamanders of the United 
States and Canada. Smithsonian Institution 
Press, Washington, DC. 

340 LITERATURE CITED 

Pfennig, D. 1990. The adaptive significance of :m 
environmentally-cued developmental switch in 
an anuran tadpole. Oecologia 85=101-107. 

Phillipsen, I.C., Funk, W.C .. Hoffman, E.A., 
Monsen, K.J .. and Blouin, M.S.2011. Compara­
tive analyses of effective population size within 
and among species: ranid fr,3gs as a case study. 
Evolution 65=2.9;,,7-:z.945. 

Pianka. E.R. and Parker. W.S. 1975. Ecology of 
homed lizards: a review with special reference to 
Pliryttosoma platyrhittos. Copeia 1975 :141-16.2. 

Picco, A.M., Brunner, /.L., and Collins. f.P. 2007. 
Susceptibility of the endangered California tiger 
salamander, Arnbi•.stoma califomiense, to 
Ranavirus infection. Journal of Wildlife Diseases 
43:286-290. 

Pilliod. D.S .. Bury. R.B .. Hyde. E.J .. Pearl. C.A.. and 
Corn, P.S. 2003. Fire and amphibians in North 
America. Forest Ecology and Management 
178:163-181. 

Pilliod, D.S. and Fronz.uto. J.A. 2005. Arnb}•stoma 
macrod,wyli,m, in Lannoo, M.J. (Ed.): Amphib­
ian Declines: The Conservation Status of United 
States Species. University of California Press, 
Be1kcky. pp.617-621. 

Pilliod, D.S .. and Peterson. C.R. 2001. Local and 
landscape effects of introduced trout on amphib­
ians in historically fi.shless watersheds. Ecosys­
tems 4:322-3n. 

Piovia-Scott. J .. Pope. K.L., Lawler. S.P .. Cole, E.M .. 
and Foley, J.E. 2011. Factors related to the 
distribution and prevalence of the fungal 
pathogen Batrachochytriwn dendro&atidis in Rana 
coscadae and other amphibians in the Klamath 
Mountains. Biological Conservation 
144:2913-2921. 

Piry. S., Luikart, C., and Comuet, J.M. 1999. 
BOTTLENECK: a computer program for 
detecting recent reductions in the effective size 
U$ing allele frequency data. Journal of Heredity 
90:502.-503. 

Platz, I.E. 1976. Biochemical and morphological 
variation ofleopard frogs in Arizona. Copeia 
1976:660-672.. 

Platz. J.E. 1988. Rana l'Rvapairn.sis. Catalogue of 
Ame1ican Amphibians and Reptiles 418:1-:z.. 

Platz. J.E .. Clarkson, R.W., Rorabaugh, I.C., and 
Hillis. D.M. 1990. Rana berlandieri: recently 
introduced populations in Arizona and southeast­
ern California. Copeia 1990:324-HJ· 

Platz. J.E. and Frost, D. c984. Ranu yavapaiensis. a 
new species ofleopard frog ( Rana pipiens 
complex). Copeia !984:940-948. 

Platz. J.E. and Mecham, J.S. 1979. Rona cltir~a­
hrmuis, a new species of leopard frog (Rana 



pipiens complex) from Arizona. Copeia 
197~n83-390. 

Platz, J.E. and Platz, A.L. 1973. Rana pipiens 
complex: hemoglobin phenotypes of sympatlic 
and allopatric populations in Ari:rona. Science 
179:1334-1336. 

Pollett. K.L., MacCrackc.-n. J.C. and MacMahon, /.A. 
2010. Stream buffers ameliorate the effects of 
timber harvest on amphibians in the Cascade 
Range of Southern Washington, USA. Forest 
Ecology and Management 2.60:1083-1087. 

Pomeroy, L.V. 1981. Developmental Polymorphism 
in the Tadpoles of the Spadefoot Toad Scaphiopus 
multiplicatus. PhD Dis:semtion. University of 
C1lifornia, Riverside. 

Pope, C.H. H)39· Tuttles of the United States and 
Canada. AA Knopf. New York. 

Pope. K., Brown. C .. Hayes, M .. Green, G., and 
Macfarlane. D. 2014. Cascades Frog Co:nserva. 
tion Assessment. United States Department of 
Agriculture. Forest Service, General Technical 
Report PSW,GTR-244 32, 116pp. 

Pope. K.L. 2008. Assessing change!>'. in amphibian 
population dynamics following experimental 
manipulations of introduced fish. Conservation 
Biology .n:157z-1581. 

Pope, K.L., Garwood, J.M., Welsh, H.H., Jr., and 
Lawler, S.P. 2.008. Evidence of indirect impacts of 
introduced trout on native amphibians via 
facilitation of a shared predator. Biological 
Conservation 141:1321-1331. 

Pope. K.L. and Larson, M.D. 201 J- Status of the 
Cascades Frog (Ratta Casr.adae) in the Southern 
Cascade Mountains of California. Final Report to 
the United States Forest Service for the year:s 
2.008-2012.. ISA #12,05-06,02. 

Pope, K.L., Larson, M.D .. and Piovia-Sc.ott. J. 2011. 

Status of Remnant Popul.itions of Cascades Frogs 
(Rana casrodae) in the Lassen Area of California. 
Draft Final Report to the United States Forest 
Service, I.assen National Forest. 

Pope. S.E .. Fahrig, L. and Merriam, H.G. 2000. 

Landscape complementation and rnctapopulation 
effect~ on leopard frog populations. Ecology 
81 :2498-2~08. 

Pough, F.H. 1974. Uma xoparia. Catalogue of 
Americ.an Amphibians and Reptiles J5p-2. 

Pounds, J.A., Bustamante, M.R .. Coloma. L.A .. 
Consuegra, J.A., Fogden, M.P.L .. Foster, P.N .. La 
Marca. E. et al. 2006. Widespread amphibian 
extinctions from epidemic disease driven by 
global warming. Nature 439:161-167. 

PRBO (PRBO Conservation Science). 2011. 

Projected effects of climate change in California: 
ecoregional summaries emphasizing conse-

quences for wildlife. Version 1.0. A~sse<l 
January 30, 20J2.. http:/fdata.prbo.org/apps 
fbssc/climatechange. 

Price, A.H. and Sullivan, B.K. 1988. Bufo micro­
scaphu~. Catalogue of American Amphibians and 
Reptiles 4tp-3. 

Prugh, L.R., Hodges. K.E .. Sinclair. A.R.E .. and 
Brashares. f.S. 2008. Effect of habitat area md 
isolation on fragmented animal populations. 
Proceedings of tlte National Academy of 
Sciences of the United States of Americ.i 
105:20770-20775. 

Pyke, C.R. 2005. Interactions between habitat loss 
and climate change: implications for fairy 
shrimp in the Central Valley ecoregion of 
California, U.S.A. Climatic Change 68:i99- 2c8. 

Pyron, R.A. and Burbrink, F.T. 2.009. Neogene 
diversification and taxonomic stability in the 
snake tribe Lampropcltini ( Scrpcntcs: Colubri­
dae). Molecular Phylogenetics and Evolution 
ra:524-s29. 

Rainey, W.E. 1985. Genetic Variation in lrnniella 
nigra. Attachment in Bury. Status Report, 
Anniel!Q nigra. in Central California. Office of 
Endangered Species, United St3te!>'. Fish and 
Wildlife Service. Portland. OR. 

Rathbun, G.B., Jennings, M.R., Murphey, T.G., and 
Sicpel, N .R. 1993. Status and Ecology of Sensitive 
Aquatic Vertebrates in Lower San Simeon and 
Pico Creeks, San Luis Obispo County, California. 
Final Report under Cooperative Agreement 
14•16-0009-91,1909 hetween U.S. Fish and 
Wildlife Service and California Department of 
Parks and Recreation. 'Publication No. PB93• 
230779, National Technical Information Service. 
Springfield, VA. 

Rathke, M.H. ,833. Triton torosus, in Zoologischer 
Atlas, enthaltend Abbildungen und Beschreibun­
gen neuer Thierarten. wahrend des Flottcapitains 
von Kotzebue zweiter Reise um die Welt, auf 
Russisch-Kaiserlich Kriegsschupp PredpTiaetie 
in den Jahren 1823-1826 heiausgegeben von D. 
Martin Heinrich Rathke. Hinftes Heft. G. 
Reimer, Berlin, pp.12-14. (ln Germ3n) 

Ray, C. 1958. Vital limits and rates of desiccation in 
salamander:,;. Ecology 39 :75-83. 

Recuero. R .. Martinez-Solano, I., Parra-Olea, G., 
and Garcia-Paris, M. 2006a. Phylogeography of 
Pm,dacris regilla (Anura: Hylidae) in western 
North America. with a proposal for a new 
taxonomic re:1Trangement. Molecular Phyloge­
netics and Evolution 39:293-304. 

Recuero, R., Martinez-Solano, I., Parra-Olea, G., 
and Garcia-Paris, M. 2006b. Corrigendum to 
•Phylogeography of Pm,dlli:ris regillll {Anura: 



Hylidae) in western North America. with a 
proposal for a new tai,;onomic reaua11geme111'' 
(Mol. Phylogenet. Evol. 39 (2006) 293-304j. 
Molecular Phylogenetics and Evolution 41:su. 

Reeder. T.W., Cole, C.J .. and Dessauer, H.C. 2002. 

J>hylogenelic relationships of whiptail lizards of 
the genus Cnemi,fophorus (Squamata: Teiidae): a 
test of monophyly, reevaluation of karyotypic 
evolution, and review of hybrid origins. Ameri• 
can Museum Novitates 3365:r-Gr. 

Reese. D.A. 1996. Comparative Demography ~nd 
Habitat Use of Western Pond Turtles in Nor1hem 
California: The Effects of Damming and Rel.1ted 
Alterations. PhD Dissertation. University of 
California. Berkeley. 

Reese, D.A. and Welsh, H.H., Jr. 1997. Use of 
terrestrial habitat by western pond turtles. 
Cltrnmys marmoraia: implications for manage­
ment. in Proceedings of an International 
Conference on Conservation. Restoration, 
and Management of Tortoises and Turtles. 
State University of New York. Purchase. 
pp.352-357. 

Reese, D.A. and Welsh, H.H .. Jr. 1998. Comparative 
demography of Cle111mys marmorata populations 
in the Trinity River of California in the context of 
dam-induced alterations. Journal of Herpetology 
p.:5o5-5i5. 

Reeve, WL. 1952. T.i:<onomy and distribution of the 
horned lizard genus PhrynosorM (family 
lguanidac). University of Kansas ScienlA: 
Bulletin 34:817-960. 

Reilly, S.B., Ponik, D.M .. Koo. M.S., and Wake. D.6. 
In Press. Discovery of a new, disjunct population 
of a narrowly distributed salamander (Turicha 
rivularisl in California presents conservation 
challenges. Journal of Herpetology 48. 

Relyea, R.A. .200µ. The lethal impacts of Roundup 
and predatory stress on six species of North 
American tadpoles. Archives of Environmelllal 
Contamination and Toxicology 48:351-357. 

Relyea. R.A . .ioosb. The lethal impact of Roundup 
on aquatic and terrestrial amphibians. Ecological 
Applications 1pn8-1124. 

Relyea, R.A. 2008. A cocklail of contaminanls: how 
mixtures of pesticides at low concentrations affect 
aquatic communities. O~logia 159:363-376. 

Relyea, R.A. and Jones, D.K. 2009. The toxicity of 
Roundup Original MAXfR) to thirteen species of 
larval amphibians. Environmental Toxicolology 
and Chemistry 28:2004-2008. 

Remsen, J .V., Jr. 1978. Bird species of special 
concern in California. California Department of 
Fish and Game, Wildlife Management Branch 
Report 78(1):1-63pp. 

342. LITERATURE ClT~I> 

Reynolds. F.A. 1943. Notes on the western glossy 
snake in captivity. Copeia 194p9G. 

Rhodin. A.G.J .. van Dijk. P.P., Iverson. J.B., and 
Shaffer. H.B. 2010. Turtles of the world. 2010 

update: annotated checklist of taxonomy, 
synonymy, distribution, and conservation status. 
Chelonian Research Monographs 5:85-164. 

Richter. K.O. and Azous, A.L. 1995. Amphibian 
occurrence and wetland characteristics in the 
Puget Sound Basin. Wetlands t5:305-Jt.2. 

Rieder, J.P., Newbold, T.A.S., and Ostoja. S.M. 
2010. Structural changes in vegetalion coincident 
with annual grass invasion negatively impacts 
sprint velocity of small vertebrates. Biological 
Invasions c2.:2429-i439. 

Riemer, W.f. 1958. Variation and systematic 
relationships with.in the salamander genus 
Taricl1a. Uni,·eTsity of California Publications in 
Zoology 56:301-390. 

Riley. S.P.D .. Bustccd. G .. Kats, L., Vandergon, T., 
Lee, L., Dagit, R., Kerby, J., Fisher, R., and 
Sauvajot, R. 2005. Effects of urbanization on 
the distribution and abundance of amphibians 
and invasive species in southern California 
streams. Conservation Biology 19: 
1894-1907. 

Riley. S.P.D .. Shaffer. H.B., Voss. S.R. and Fitz• 
patrick, B.M. 2003. Hybridization between a 
rare. native tiger salamander (Amb>•Sloma 
c11liforni~nscl and its introduced congener. 
Ecological ApplkatiQns tp.263-r2.75. 

Rissler. L.f. and Apodaca, J.J. 2007. Adding more 
ecology into species delimitation: ecological 
niche models and phylogeography help define 
cryptic species in the black salamander 
lAntidesjlavip11nctritus). Systematic Biology 
56:92 4-942 • 

Ritter. W.E. t&97. The life-history aud habits of the 
Pacific coast newt ( Diem)•cty/11s torosus 'Esch.). 
Proceedings of the California Academy of 
Sciences, 3rd Series 1:73-114. 

Rochester. C.J .. Brehme. C.S .. Clack. D.R .. Stokes. 
D.C., Hathaway, S.A., and Fisher, R.N. :1010. 
Reptile and amphibian responses to large-scale 
wildfires in southern California. Journal of 
Herpetology 44::m-351. 

Rodriguez-Robles, J.A., Bell, C.J., and Greene, H.W. 
1999a. Food habits of the glossy snake, Arizona 
dcgam, with comparisons to the diet of sympatric 
long-nos-:d snakes. Rhinocheilus lecon1ei. Journal 
of Herpetology 33:87-92. 

Rodriguez·Robles. J .A .. DeNardo. D.F., and Staub. 
R.E. 1999b. Phylogeography of the Californii 
mDuntain kingsnake, lampropeltis zo,wtu 
(Colubridae). Molecular Ecology 8:19:13-1934. 



Rodriguez•Robles. J.A. and Galina.Tessaro P. 2006. 
Natural history notes: Tnam11.opl1is hammo11dii. 
Diet. Herpetological Review 3T355· 

Roelants, K., Gower, D.J., Wilkinson, M .. Loader, 
S.P., Biju. S.D .. Guillaume. K .. Moriau, L., and 
Bossuyt, F. 2007. Global patterns of diversifica­
tion in the history of modern amphibians. 
Proceedings of the National Academy of 
Sciences. USA co4:887-892. 

Rohr, J.R .. Schotthoefer. A.M., Raffel. T.R .. Carrick. 
H.f.. Halstead. N .. Hoverman. J.T .. Johnson, C.M. 
et al. 2008. Agrochemicals increase trematode 
infections in a declining amphibian species. 
Nature 45p235-1.239. 

Romansic. J.M., Diez. K.A.. Higashi. E.M .. 
Johnson, J.E., and Blaustein, A.R. 2009a. Effects 
of the pathogenic wawr mold Saproltgnia fera.x on 
survival of amphibian larvae. Diseases of Aquatic 
Org~nisms 8p8,7-193. 

Romansic, J.M .. Higashi, E.M., Diez. K.A., and 
Blaustein. A.R. 2007. Susceptibility of newly­
metamorphosed frogs to a pathogenic water 
mould jSaprolegnia sp.). Herpetological Journal 
17:161-166. 

Romansic, J.M., Waggener, A.A., Bancroft, B.A .. 
and Blaustein, A.R. 2009b. Influence of 
ultraviolet-B radiation on growth, prevalence of 
deformities, and susceptibility to predation in 
Cascades frog t Rana cascadae) larvae. Hydrobio· 
logia 624 :219-2n. 

Roos, M. 199.2. The Hydrology of the 1987-t992 
Califomia Drought. Technical Paper. State of 
California Resources Agen(y, Department of 
Water Resources, Division of Flood Management. 

Root, T.L., MacMynowski, D.P., Mastrandrea, M.D., 
md Schneider, S.H. 2005. Human-modified 
temperatures induce species changes: joint 
attribution. Proceedings of the NatiQnal Academy 
of Sciences of the United States of America 
10.2:7465-7469. 

Root. T.L .. Price, J.T .. Hall. K.R .. Schneider, S.H., 
Rosenzweig, C., and Pounds, J.A. 200~. 

Fingerprints of global warming on wild animals 
and plants. Nature 42r:57-60. 

Rorabaugh, J.C. 2005. Rona pjpiem, in Lannoo, M.J. 
(Ed.): Amphibian Declines: The Conservation 
Status of United States Species. Univer~ity of 
Californi.i Press. Berkeley, pp.s70-577. 

Rorabaugh, J.C .. Palermo. C.L .. and Dunn. S.C. 
1987. Distribution and relative al>undan<c of the 
Aat• tailed horned lizard ( Phrynosoma mc11llii) in 
Arizona. The Southwestern Naturalist 
32: 103-109. 

Rorabaugh, J.C .. Sre<ll, M.J., Miera, V., and Drost, 
C.A. 2002. Continued invasion by an introduced 

frog (Ra11a berlal!dieri): southwestern Arizona. 
southeastern California, and Rio Colorado, 
Mexico. The Southwestern Naturalist 47:12.-z.o. 

Ro1abaugh. J.C. and Young, l<.V. 2009. Flat-tailed 
horned lizard, PhryMsoma rncaUii (Hallowell, 
r8r~I, in Jones, L.L.C. and 1.ovich, R.E. (F.ds.): 
Lizards of the American Southwest: A Photo• 
graphic Field Guide. Rio Nuevo Publishers, 
Tucson, AZ. pp.182-185. 

Rossman. D.A. 1979. Morphological evidence for 
taxonomic partitioning of the Tliamt1opl1is tlegans 
complex (Serpentes. Colubridae). Occa~ional 
Papers of the Museum of Zoology. Louisiana 
State University 5p-12. 

Rossman, D.A., Ford, N.B., and Seigel, R.A. 1996. 
The Garter Snakes: Evolution and Ecology. 
University of Oklahoma Press, Norman. 

Rossman, D.A. and Stewart, G.R. 1987. Taxonomic 
reevaluation of Th11mMphis coitchii (Serpentes: 
Colubiidac). O<:casional Papers of the Museum 
of Zoology. Louisiana State University 6p-2~ 

Rovito. S.M. 2010. Lineage divergence and 
speciation in the web-toed salamanders (Pletho• 
dontidae: Hydromunte1) of the Sjerra Nevada, 
California. Molecular Ecology 19:4554-4571. 

Rowe, J.C. and Garcia, T.S . .2013. Impacts of 
wetland restoration cITorts 011 an amphibian 
assemblage in a multi-invader community. 
Wetlands 34:t41-J53. 

Royle. J.A. and Young. K.V. 2008. A hierarchical 
model for spatial capture-recapture data. ~cology 
89:2.281-2.289. 

Ruibal, R. H)59- The ecology ofa brackish water 
population of Rana pip~11s. Copcia 1959:315-32:i. 

Rundio, D.E. and Olson, D.H. 2001. Palatability of 
southern torrent salamander (Rltpacotriton 
variegatm) larvae to Pacific giant salamander 
(Dicamptodon- lenebroms) larvae. (oumal of 
Herpetology 3pn-136. 

Ruppert, R.M. 2010a. A recent sigbting of the 
banded Gila monster, ( Hdoderma suspe,tum 
cinctitm) in Mojave National Preserve, California. 
Mojave National Preserve Science Newsletter 
2010:1-J. 

Rup~rt, R.M. 2.0101,. Geographic distribution: 
Heloderm11 suspectum cinctum. Herpetological 
Review 41:107. 

Russell, R.W. and Andc1son. J.D. t956. A disjunct 
population of the long-nosed salamander fmm 
the coast of California. Herpetologica 
!2:137-140. 

Rtithling, P.O. 1915. Hibernation of reptiles in 
southern California. Copcia r91po-11. 

Ruthven, A.G. 1907. A collection of reptiles and 
amphibians from southern New Mexico and 

LITERA!'UR! CITEO J4J 



Arizona. Bulletin of the American Museum of 
Natural History 23:483-604. 

Ryan, M.I!., Johnson, J.R., and Fitzpatrick. 9.M. 
2009. Invasive hyb,id tiger salamander geno• 
types impact native amphibians. Proceedings of 
the National Academy of Sciences of the United 
States of America 106:1u66-11171. 

Salt. G.S. 19s2. The llell toad. Asc«Jphu~ em,i, in 
Mendodno County. California. Copcia 
1952:193-194. 

Sartorius, S.S. and Rosen. P.C. 2000. Breeding 
phenology of the lowland leopard frog ( Rana 
)'tlY(~puiensis): implications for conservation and 
ecology. The Southwestern Naturalist 
45:267-2 73. 

Sattler. P.W. 1980. Genetic relationships among 
selecte<I species of North American Scapliiopus. 
Copcia. 1980:605-610. 

Sauer, J.R., Hines, J.E .. Fallon. J.E., Pardied<. K.L .. 

Ziolkowski. D.J .. Jr .. and Link. W.A. 2011. The 
North American Breeding Bird Survey. results 
and analysis 1966-2009. Version 3.::1}. 2011 USGS 
Patuxent Wildlife Research Center, Laurel. MD. 

Savage, W.K. 2003. l.andscape Genetics and 
Phylogenetic Relationships in the Ambystomu 
macrodactylmn species complex. J>hD Disserta­
tion. University of California, Davis. 

Savage, W.K., Premier. A.K., and Shaffer, H.B. 
2010. Landscape genetics of alpine Sierra Nevada 
salamanders reveal extreme population subdivi• 
sion in space and time. Molecular Eo:ilogy 
l~J:3JOI-J314. 

Schloegel, 1..M .. Picco. A.M., Kilpatrick, A.M .. 
Davies, A.J., Hyatt, A.O., and Dasz:ik, D. 2009. 

Magnitude of the U.S. trade in amphibians and 
presence of Butr,;u:/io,;hytrium dendrobatidis and 
Ranavirus infection in imported North American 
bullfrogs (Ra11a ci1tesbeia11a). Biological Conser­
vation 142.:142.0-142.6. 

Schmidt. B.R. and Zumbach, S. 2008. Amphibian 
road mortality and how to prevent it: a review, in 
Mitchell, J.C., Jung Brown. R.E. and Bar­
tholomew, B. (Eds.): Urban Herpetology. Society 
for the Study of Amphibians and Reptiles, Salt 
Lake City, UT, pp.157-167. 

Schmieder, R.R. and Nauman, R.S. 1994. Effects of 
Non-Native Aquatic Predators on Prcmetamor­
phic California Red-Legged Frogs l R(m« m,roru 
di-a}•lo11iiJ. University of California. Santa Crnz. 
12pp. 

Schoenherr, A.A. 1976. The Herpetofauna of the 
San Gabriel Mountains. Los Angeles County. 
California, including Distribution and Biogeogra• 
phy. Special Publication No. r. Southwestern 
Herpetologists Society, Van Nuys, CA. 

344 LLTU.ATVR£ ClTED 

Schreber. H. 17lh. Der Natu rforscher. I ohann I a cob 
Gebaur, Halle. (In German} 

Schulte, J.A .. Macey. f.R., and Papenfuss, T.}. 200 6. 

A genetic perspective on the geographic 
association oftaxa among arid North American 
lizards of the Sceloporus magisler {Squamata: 
lguanidac: Phrynosomatidae). Molecular 
Phylogenetics and Evolution 39:873-880. 

Scott, N.J .. Rathbun, C.B .. MurphP.)', T.G .. and 
Harker. M.B. 2008. Reproduction of Pacific pond 
turtles (Acli11em}'s marmorata) in coastal streams 
of central California. Herpetologi<:al Conserva• 
tion and Biology p4J-148. 

Searcy. C.A. and Shaffer. H.B. 2008. Calculating 
biologically accurate mitigation credits: insights 
from the California tiger salamander. Conserva• 
tion Biology 22:997- roo5. 

Searcy. C.A. and Shaffer, H.B. 2ou. Determining 
the migration distance of a vagile vernal pool 
specialist: how much land is required for 
conservation of California tiger salammders?. in 
Alexander, D.G. and Schlising. R.A. (Eds): 
Research and Recovery in Vernal Pool Land• 
scapes, Studies from the Hcrbarium. No. 16. 
California State University, Chico, pp.73- 87. 

Secor, S.M. 1995. F:cological aspects of foraging 
mode for the snakes Crotalus cerastes and 
Masticophis jl1>geJhm1. Hcrpctologic.al Mono­
graphs 9:169-186. 

Seeliger, L.M. 1945. Variation in the Pacific mud 
turtle. Copeia 1945=150-159. 

Setser, K. 2.004. Natural History, Demography. and 
Home Range Characteristics of a Southern 
California Population of Pl1rynosoma mcallii 
Inhabiting Atypical Habitat. Master·s Thesis. 
Utah State University, Logan. 

Sever. O.M .. Moriarty. E.C., Rania, L.C., and 
Hamlett. W.C. 2001. Sperm storage in the 
oviduct of the internal fertilizing frog Am,phus 
lruei. Journal of Morphology 248:1-21. 

Shafter. H.B .. Cook, D .. Fitzpatrick. B.M .. !.eyse, K .. 
Picco. A., and Trenham, P.C. 2009. Guidelines 
for the relocation of California tiger salamanders 
(Ambpsloma caJijomiense). Report. United States 
Fish and Wildlife Sen•ice. Sacramento. CA. 

Shaffer, H.B., Fellers, G.M., Magee, A., and Voss, 
S.R. 2000. The genetics of amphibian declines: 
population substructure ~nd molecular differen, 
tiation in the Yosemite Toad, Bufo w11e>rus 

(Anura. Bufonidae) based on single-strand 
conformation polymorphism analysis (SSCP) and 
mitochondrial DNA sequence data. Molernlar 
Ecology 9:245-257. 

Shaffer, H.B .. Fellers. G.M .. Iundal. V .. Oliver. J.C .. 
and Pauly, G.B. 2004. Species boundaries, 



phylogeography and conservation genetics of the 
red-legged frog (Rana a11rora/draylonii) complex. 
Mole<:ular Eo:.logy 13=2667-2677-

Shedd. J .. Bogiatto. R.J. and Kirn. S.A. 2ou. Natural 
history notes: Pkryn(lso1ni> blainvillii. Commen• 
salism. Herpetological Review 42:94-95 

Shoemakec. V.H .. McClanahan, l., and Ruibal, R. 
1969. Seasonal changes in body fluids in a 
field population of spadefoot toads. Copeia 
1':)69 :585-591. 

Shuford, W.D. and Gardali, T. (Eds). 2008. 

California Bird Species ofSpedal Concern: A 
Ranked Assessment of Spede-s. S\lbspecies. and 
Distinct Populations of Birds of Immediate 
Constrvation Conctrn in California. Studies of 
Western Birds 1. Western Field Ornithologists. 
Camarillo, CA, and California Department of 
Fish and Game, Sacramento. 

Sinclair, E.A., Bezy, R.l., Bolles, K., Camarillo, 
R.J.1,, Crandall, K.A .. and Sites, f. zoo4. Testing 
species boundaries in an aucient species complex 
with deep phylogeographic history: genus 
Xanlusic, (Squamata: Xantusiidae). The Ameri• 
can Naturalist 164:396-414. 

Slater. J.R. r939. Description and life-history of a new 
.Ranri from Washington. Herpeto!ogica 1:145-149. 

Slevin, J.R. 1928. The amphibians of western North 
America: an atcount of the species known to 
inhabit California. Alaska. British Columbia, 
Washington, Oregon, Idaho, Utah, Nevada, 
Arizona. Sonora, and Lower California. Occa• 
sional Papers of the California Academy of 
Sciences J6:1-152 

Smith, H.M. r946. Handbook of Lizards: Lizards of 
the L•nited States and Canada. Comstock 
Publishing. Ithaca, NY. 

Smith, H.M., Brown, Lil., Chisz:ir, D., Grismer, 
L.L.. Allen. G.S., Fishbein. A .. Hollingsworth. 
B.D. et al. 1998. Crotahis ruber Cope, r892 

(Reptilia, Serpentes): proposed precedence of the 
~pecific name over th~t of Crotalus exs11I Garman. 
J884. Bulletin of Zoological Nomenclature 
5r229-232. 

Sneed. D. 14 May 2009. Cuesta group ma lees 
monster find on field trip. The Tribune, San Luis 
Obispo, 81. 

Snydec. M.A. and Sloan. LC. 2005. Transient 
future climate over the western United States 
using a regional climate model. Earth Interac­
tions 9 :1-21 

Snyder. M.A .. Sloan, L.C .. and Bell. J.L. 2004. 

Modeled regional climate change in the hydro­
logic regions of California: a CO. sensitivity 
study. Journal of the American Water Resources 
Association 40:591-601. 

Snyder, M.A., Sloan, LC .. Diffenbaugh, N.S .. ,111d 
Bell. J.L. 2003. Future climate change and 
upwelling in the California Current. Geophysical 
Research Letters 30:1-4 

Sparling, D.W., Fellers, G.M .. and McConnell. L.L. 
2001. Pesticides and amphibian population 
dedines in California. U.S.A. Environmental 
Toxicology and Chemistry 1.0:1591-1595. 

Spear, S.F and Storfer, A. 2008. Landscape genetic 
structure of coastal tailed frogs fAscaphus lruti) 
in protected vs. managed forests. Molecular 
E,:ology 17:4('42-4656. 

Spear, S.F. and Storfer, A. 2010. Anthropogenic and 
natural disturbanc.e lead to differing patterns of 
gene :II.ow in the Rocky Mountain tailed frog, 
Ascapl1us mont11>ms. lliological Conservation 
143:778-786. 

Spencer, W.D., Beier. P., Penrod, K., Winter~. IC, 
Paulman, C., Rustigian•Romso~. H., Strittholt. 
J., P.risi, M .. and Pettier. A. 2010. California 
Essential Habitat Connectivity Project: A 
Strategy for Conserving a Connected Califumia. 
Prepared for California Department of 
Transp,:-rtation, California Department of fish 
.and Game. and Federal Highways 
Administration. 

Spinks. P.Q., Pauly. G.B .. Crayon, 1-1-- and Shaffer. 
H.B. 2003. Survival of the western pond turtle 
(Em}'S marmora!a) in an urban California 
environment. Biological Conservation 
113=257-267. 

Spinks. P.Q. and Shaffer, H.B. 200~. Range-wide 
molecular analysis of the western pond turtle 
( £mys marmorata): cryptic variation. isolation by 
distance. and their conservation implications. 
Molecular Ecology 14 :2047-2064. 

Spinks. P.Q. and Shaffer, 11.B. 2009. Conflicting 
mitochondrial and nuclear phylogenies for the 
widely disjunct P.mv~ (Testudines: Emydidae) 
species complex, and what they tell us about 
biogeogr.iphy and hybridization. Systematic 
Biology 58:1-20. 

Spinks, P.Q., Thomson, R.C .. Lovely, C.A., and 
Shaffer, H.n. 2009. Assessing what is needed to 
resolve a molecular phylogeny: simulations and 
empirical data from emydid turtles. BMC 
Evolutionary Biology 9:56 

Spinks, P.Q., Thomson. R.C .. and Shaffer. H.B. 
2010. Nuclear gene phylogeography reveals the 
historical legacy of an ancient inland sea on 
lineages oft he western pond turtle, Emys 
marmorat11 in California. Molecular Ecology 
19:s42-56. 

Spinks. P.Q., Thomron. R.C .. and Shaffer, H.B. 
1.014. The advantages of going large: genome-

LITERATURE CITED HS 



wide SN Ps clarify the complex population history 
and systematics of the threatened western pond 
turtle. Molecular Ecology 23:2228-2241 

Sredl, M.J., Collins, E.P., and Howland. J.M. 1997. 
Mark-Recapture Studies of Arizona Leopard 
Frogs. Arizona Came and fish Department. 
Phoenix. 

Stanila, B.D. 2009. Morphology and Demography 
of Sonoran Mud Turtles { Kitioslemon sonoriw.~e) 
along an Aquatic Habitat Permanence Gradient. 
Master's Thesis. University of Central Oklahoma. 
Edmond. 

Staub. N. and Wake, D. 2005. Aneide.sjfovip1mC1a• 
lus. in Lannoo. M.J. (Ed.): Amphibian Declines: 
The Conservation Status Qf United States 
Species. University of Californi.l Press. Berkeley. 
pp.660-661. 

Staub, R.E. and Mulks, M.F. 2009. Preliminary 
Assessment of Hahitat Damage in the Laguna 
Mo\lntains and Impacts on the San Diego 
Mountain Kingsnake. Unpublished report. 

Stebbins, R.C. 1943. Adaptations in the nasal 
passages for sand burrowing in the saurian 
genus Uma. The American Naturalist 77: 
38-52. 

Stebbins. R.C. i944. Some aspects of the ecology of 
the lguanid genus Uma. Ecological Monographs 
i4:3u-3p. 

Stebbins, R.C. 1948. Nasal structure in lizards with 
reference to olfaction and conditioning of the 
inspired air. American Journal of Anatomy 
8p8J-22.I. 

Stebbins, R.C. 1951. Amphibians of Western North 
America. UniversityofCalifornia Press, Berkley. 

Stebbins. R.C. 1954. Amphibians and Reptiles of 
Western North America. McGraw-Hill Book 
Company. New York. 

Stebbin!>', R.C. 1955. Southern occurrence of the 
Olympic salamander. Rhyacotriton olympicus. 
Herpetologici 11:238- 239. 

Stebbins, R.C. 1958. A new alligator lizard from the 
Panamint Mountains, Inyo County, California. 
American Museum Novitates 1883:27. 

Stebbins, R.C. 1959. Reptiles and Amphibians of 
the San Francisc.o Bay Region. University of 
California Press. Berkeley. 

Stebbins, R.C. 1966. Field Guide to Western 
Reptiles a11.d Amphibians. Houghton Miffiin 
Company, Boston, MA. 

Stebbins, R.C. 1972. California Amphibians and 
Reptiles. University of California Press. 
Berkeley. 

Stebbins. R.C. 1985. A Field Guide to Western 
Amphibians and Reptiles. Houghton Mifflin 
Company, Boston, MA. 

346 LITERATURE CITED 

Stebbins. R.C. 2003. A Field Guide to Western 
Reptiles and Amphibians. Houghton MifRin 
Company, Boston, MA. 

Stebbins. R.C. and Lowe, C.H. 1951. Subspecific 
differentiation in the Olympic salamander 
Rhyacctritcm olympicus. University of California 
Publications in Zoology 50:465-484. 

Stejneger, L. 1899. Description of a new genus and 
species of discoglossoid toad from North 
America. Proceedings of the United States 
National Museum 21:899-901. 

Stewart, G.R. 1972.. An unusual record of sperm 
storage in a female garter snake (genus Thinnno­
pliis). Herpetologica 28:346-347. 

Stewart, J.T., Cayan, D.R .. and Dettinger, M. 2005. 
Changes toward earlier streamfiow timing across 
western North Ame1ica. Journal of Climate. 
18:u;6-n')5. 

Stoddard. M.A. and Hayes. J.P. :;1005. The influence 
of forest management on headwater stream 
amphibians at multiple spatial scales. Ecological 
Applications 15:8J1-823. 

Stone. P.A. 2001. Movements and demography of 
the Sonoran mud turtle, Kinosternon sonorienre. 

The Southwestern Naturalist 46:41-s,. 
Stone. P.A .. Babb. M.E .. Stanila. B.D .. Kersey. G .. 

and Stone. Z. 200s. Natural history notes: 
Kino$ternon s,>m>rietise. Diet. Herpetological 
Review 36:167-168. 

Stone, P.A .. Stone, M.E.B .. Stanila. B.D .. and Locey, 
K.f. 2.011. Terrestrial Aight response: a new 
context for terrestrial activity in Sonoran mud 
turtles. The American Midland Naturalist 
r65=128-136. 

Storer, T.I. 192.5. A synopsis of the amphibia of 
California. University of California Publications 
in Zoology 2,:1-342. 

Storer. T.I. 1930. Notes on the range and life-history 
of the Pacific fresh-water turtle. Clemmys 
marmorata. University of California Publications 
in Zoology 35=421-441. 

Storm, R.M. r960. Notes on the breeding biology of 
the red-legged frog (Rima uurom ,1uroru). 
Herpetologica 16:25t-259. 

Storm. R.M. anJ Pimentel. R.A. 1954. A method for 
st\1dying amphibian breeding populations. 
Herpetologica 10:161-166. 

Stralberg. D .. Jongsomjit. D .. Howell. C.A .. Snyder. 
M.A., Ale><ander. J.D .. Wiens. J.A .. and Root, T.L. 
2.009. Re•shufflins of species with dimate 
disruption: a no-analog future for California 
birds? PlOS ONE 4:e6825. 

Stromberg, M.R. 1997. Natural history notes: 
Taricha torosa. Response to fire. Herpetological 
Review 28:82-83. 



Stuart. S.N., Chanson. J.S .. Cox, N.A., Young, B.E .. 
Rodrigues, A.S.L., Fischman. D.T .. , and Waller, 
R.W. 2004. Status and trends of amphibian 
declines and extinctions worldwide. Science 
306: 1783-1786. 

Suarez. A. and Case. T. 200.a. Bottom-up effects on 
persistence of a specialist predator: ant invasions 
and homed lizards. Ecological Applications 
12:291-298. 

Suarez, A., Richmond, J., and Case, T. 2000. Prey 
selection in horned liz.ards following the invasion 
of Argentine ants in southern California. 
Ecological Applications 10:711-7:1,5-

Sullivan. B.K. 1981. Distribution and relative 
abundance of snakes along a transect in 
California. Journal of Herpewlogy 1r247-:qS. 

Sullivan. B.K. and Fernandez. P.J. 1999. Breeding 
activity. estimated age-structure. and growth in 
Sonoran Desert anurans. Herpetologica 

55=334-343. 
Sullivan. B.K. and Malrnos, K.I\. 1994. Call 

variation in the Colorado River toad (Bufo 
iilvarius): behavioral ~nd phylogenetic implka• 
lions. Herpetologica 50:146-156. 

Sun. M.C. 2.012. Bamickochytrium demfrobatidis 
Prevalence in Northern Red-Legged Frogs (Rana 
aurcm): 10 Years LateI. Master's Thesis. l-lum• 
boldt State University, Arcata. CA. 

Survey antl manage program. 2010. Annual Species 
Review. USDI Burea ofl:i.nd Management. 
Available from http:lfwww.blm.gov/or/plans/ 
surveyandmanagc/spccics.php 

Sutherland, R.W., Dunning, P.R., and Baker, W.M. 
2010. Amphibian encounter rates on roads with 
different amounts of traffic and url:m,i7.ation. 
Conservation Biology 24:1626-1635. 

Sweet, S.S. 1992. lnitial Report on the Ecology and 
Status of the Arroyo Toad (Bufo microscap/ius 
californicus) on the Los Padres National forest of 
Southern California, with Management Recom• 
mendations. Los Padres National Forest, Goleta, 
CA. 

Sweet. S.S. 1993. Second Report on the Biology and 
Status of th.e Arroyo Toad (Bufa micr()m1phus 
californicus) on the Los Padres National Forest of 
southern California. Los Padres National Forest. 
Goleta.CA. 

Sweet, S.S. and Leviton. A.E. 1983- Geographic 
distribution: Rana 1111rora draytoni. Herpetologi­
cal Review 14:27. 

Sweet. S.S. and Sullivan, B.K. 2005. Bufo californi• 
cus. in Amphibian declines: the conservation 
status of United States species. Lannoo, M.J. 
(Ed.): University of California Press. Berkeley, 
pp.}96-400. 

Sype, W.E. 1975. Breeding Habits, Embryonic 
Thermal Requirements and Embryonic and 
Larval Development of the Cascade Frog, Rana 
cascadae Slater. PhD Dissertation. Oregon State 
University, Corvallis. 

Tail, C.K. and Diller, L.V. 2006. Life history of the 
southern torrent salamander ( Rkyac01ri1,m 
mriegaeus) in coastal northern California. 
lournal of Herpetology 40:43-54 

Tan. A.M. and Wake. D. 199s. MtDNA phylogeogra• 
phy of the California newt. Taritha iorosa 
(Caudata. Salamandridae). Molecular Phylogc• 
netics and Evolution 4:383-394. 

Tejon Ranch Consetvancy. 2008. Tejon Ranch 
Conservation and Land Use Agreement. Available 
from: hllp://www.tejonconscrvancy.org/. 

Tevis. L.. Jr. 194). Field notes on a red rattlesnake in 
Lower California. Copeia 1943=2,42-245. 

Thomas, C.D .. Cameron, A .. Green, R.E .. B~klcenes, 
M .. Beaumont, L.J .. Collingharn. Y.C .. Erasmus. 
B.P.N .. de Siqueira, M.F .. Grainger. A .. and 
Hannah, L. 2004. Extinction risk from climate 
change. Nature 42T145-148. 

Thompson, C., Sweitzer, R., Gabriel, M., Purcell, I<., 
Barrett, R. and Poppenga. R. 2014. Impacts of 
mdenticide and insecticide toxicants from 
marijuana cultivation sites on fisher survival 
rates in the Sierra National Forest, California. 
Conservation l.etters r91-102 

Thomson. R.C .. Spinks. r.Q., and Shaffer. H.B. 
~010. Distribution and abundance of invasive 
red-eared sliders (Traclum)IS scripla degans) in 
Califot11ia's Sacramento ri,·er basin and possible 
impacts on native western pond turtles (Ett•►•s 
m,m11orata). Chclonian Conservation and Biology 
9:297-302. 

Tihen. J.A.1962. Osteological observations on New 
World Bufo. The American Midland Naturalist 

67=157-183. 
Tinkham. !l.R. 1962. Notes on the occurrence of 

Scap/1iopus cou,liii in California. Herpetologica 
18:204. 

Tinkham, E.R. 1971. The biology of the Gila 
monster, in Bucher). W. and Buckley, E.E. tEds): 
Venomous Animals and Their Venoms: 
Venomous Vertebrates. Vol. 2. Academic Press, 
New York, pp.387-4r3. 

Todd. B.D .. Scott, D.E .. Pechmann. J.H.K .. and 
Gibbons. J.W. 20H. Climate change conelates 
with rapid delays and advancements in reproduc­
tive timing in an amphibian community. 
Proceedings of the Royal Society Series B 
:qS:2191-2197. 

Tollestrup, IC. 1979. The Ecology, Social Structure, 
antl Foraging Behavior of Two Closely Related 

LITEIIATVRE CITED J47 



Species of Leopard Lizards, Cambelia silus and 
G11mbtlia wislizenii. PhD Dissertation. University 
of California, Berkeley. 

Tollestrup, K. 1981. The social behavior and displays 
of 2. species of homed li~rds, />hr}'IIOsoma 
platyrhinos and Phr1•nosoma coronc~tum. Herpeto• 
logica 3Tl}0-14l. 

Tracey. J.A. 2000. Movement of Red Diamond 
Rattlesnakes (Crotalus ruberl in Heterogeneous 
Landscapes in Coastal Southern California. 
Master's Thesis. University of California. San 
Diego. 

Tracey, J.A., Zhu, J., and Crooks, K. 2005. A set <Jf 
nonlinear regression models for animal move­
ment in response to a single landscape feahm:, 
Journal of Agricultural Biological and Environ• 
mental Statistics 10:1-18. 

Trenham, P.C. 1998. Demography, migration, and 
metapopulation structure of pond breeding 
s~lamanders. PhD Dissertation. University of 
California, Davis, California. 

Trenham, P.C. and Shaffer, 1-1.R, 2005. Amphibian 
upland habitat use and its consequences for 
population viability. F.cological Applications 
1p15S-1168. 

Trepanier, T.L. .and Murphy, R.W. 2001. The 
Coachella Valley fringe-toed lizard ( Uma 
i11omata1: genetic diversity and phylogenetic 
relationships of an endangered spedes. Mole.:u­
lar Phylogenetics and 6volution 18: 32,7-n4. 

Turner, F.B. and Medica, P.A. 1982. The distribu­
tion and abundance oft he 11.at•tailed horned 
!i?:ard ( Phrynosom11 mcallii). Copeia 
1982:815-823. 

Turner, F.8 .. Rorabaugh, J.C., Nelson, E.C., and 
Jorgensen, M.C. 1980. A Survey of the Occur­
rence and Abundance of the flat-Tailed Horned 
Lizard ji"hry11osoma incallii) in California. 
Contract YA•5b•CT8·58. Unpublished Repo1t. 

Turner. F.B., Weaver. D.C., and Rorabaugh, J.C. 
1984. Effects of reduction in windblown sand on 
the abundance of the fringe-toed lizard j Urna 
inomata) in the Coachella Valley, California. 
Copeia 19S4:j70-378. 

Twining, H. and Hensley. A. 1943. Distribution of 
muskrats in California. California Fish and 
Came 29:64-78. 

Twitty, V.C. t935. Two new specie:; of Triturus from 
California. Copeia 193s;73-80. 

Twitty. V.C. 1942. The species of Californian 
Trilurus. Copeia 1942:65-76. 

Twitty, V.C. 1955. Field experiments on the biology 
and genetic relationships of the Californian 
species of Trirurus. Journal of Experimental 
Zoology 1:1.9:129-147. 

Twitty. V.C. 1959. Migration and spe.:iation in 
newts. Science J30:1ns-174}. 

Twitty, V.C. 1961. Experiments on homing behavior 
and speciation in Taricha, in Blair, W. F. (Ed.): 

Vertebrate Speciation. University of Texas Press, 
Austin, pp.415-45<). 

Twitty, V.C. 1964. Taricha riv,daris (Twitty), 
red-bellied newt. Catalogue of American 
Amphibians and Reptiles 9:1-2. 

Twitty, V.C. 1966. Of Scientists ,md Salamanders. 
WH Freeman & Company, San Fiandsco, CA. 

Twitty. V.C., Grant, D .. and Anderson, 0. J964. 
1,ong distance homing in newt Taricl1a rivularis. 
Proceedings of the National Academy of Sciences 
of the United States of America 51:51-58. 

Twitty, V.C., Grant, D., and Anderson, 0. 1966. 
Course and liming of homing migration in newt 
Tarichn riv,llaris. Proceedings of the National 
Academy of Sciences of the United States of 
America 56:864-87r. 

Twitty. V.C .. Grant. D., and Anderson. 0. 1967a. 
Initial homeward orientation after long-distance 
displacements in newt Taricha rivularis. 
Proceedings of the National Academy of 
Sciences of the United States of America 
57:342-348. 

Twitty, V.C., Grant, D., and Anderson, 0. r967b. 
Home range in relation to lLoming in newt 
Taritlia rivularis jAmphibia: Caudata). Copeia 
1967:649-653. 

Tyler, T., Liss, W.J ., Canio, L.M .. Larson, C.L., 
Hoffman, R., Deimling, F. .. and l..omnicky. G. 
1998. Interaction between introduced trout and 
larval salamanders {Ambystoma macrodactylum) 
in high-elevation Jakes. Conservation Biology 
12:94-ro5. 

Ultsch, G.R. 2006. The ecology of overwintering 
among turtles: where lllrtles overwintcJ and its 
1..'0nSe(!uenccs. Biological Reviews 81:339-367. 

US Census .Bureau. 201~. California Demographic 
Profile. Accessed August 27, 2014. census.gov. 

USDA (United States Department of Agriculture). 
2007. Census of Agriculture. Accessed August 
27, 2014. http:f/www.agcensus.usda.gov 
/Publications/2007/0nlinc_Highlighls 
/County_Profiles/California/index.asp. 

USFWS {United States Fish and Wildlife Service!. 
1996. Endangered and threatened wildlife and 
plants: determination of threatened status for the 
California red-legged frog. Federal Register 
61:253r~-2iS33. 

USPWS. 1997. Recovery Plan for the Threatened 
Marbled Murrelet ( Brachyramplius marmoratus) 
in Washington, Oregon, and California. USFWS, 
Portland, OR. 



USFWS. 1999. Recovery Plan for the Arroyo 
Southwestern Toad. USFWS, Portland. OR. 

USFWS. 2-002-. Recovery Plan for the California 
Red-Legged Frog {Rana aurom draytonii). 
USFWS, Portland. OR. 

USFWS. 2-008. Endangered and Threatened 
Wildlife and Plants: 90-Day Finding on Petition 
to list the Amargosa River J>opulation of the 
Mojave Fringe-Toed Lizard ( Uma scoparitil as 
Threatened or Endangered with Critic.ii Habitat. 
Ventura. CA. 

USFWS. 2009. Arroyo Toad 5-Year Review: 
Summary and Evaluation. Ventura. CA. 

USFWS. zoua. Endangered and threatened wildlife 
and plants; withdrawal of proposed rule to list 
lhe flat-tailed horned lizard as threatened. 
Federal R~ister 76:14iro-r42-68. 

USFWS. :z.oub. Endangered and threatened wildlife 
and plants; 12-month finding on a petition to list 
the Amargosa River population of the Mojave 
fringe-b)ed lizard as an endangered or threatened 
distinct population segment. Federal Register 
76:61321-6,no. 

USFWS. 2.014. Endangered and threatened wildlife 
and plants; threatened .status for the Oregon 
spotted frog. Federal Register 79:51658-51710. 

USNPS (United States National Park Service). 2010. 
Channel Islands National Park: Restoring Sanla 
Cruz Island. Accessed August 27. 2014. http:// 
www.nps.gov/chis/naturescience/restoring· 
santa-cruz-is!and.htm. 

Valentine, B.D. and Dennis. D.M. 1964. A compari­
son of the gill-arch system and fins of three 
genera oflarva! salamanders, Rliyaco1ri1011, 
Gprinophilus. and Am&ysto11111. Copeia 
1964:196-201. 

Van Denburgh. J. 1894. Descriptions of three new 
lizards from Californi.i and lower California, 
witb a note on Phtynon.soma blainvillii. Proceed­
ings of the California Academy of 
Sciences.4:2-96-301. 

Van Denburgh. J. 1895. Notes on the habits and 
distribution of Autodiu: iecanus. Proceedings of 
the California Academy of Sciences 5:776-778. 

Van Denburgh, r. 1897. The reptiles oft he Pacific 
coast and Great Basin: An account of the species 
known to inhabit California, and Oregon. 
Washington. Idaho and Nevada. Occassional 
Papers of the California Academy of Sciences, 
San Francisco. 

Van Denburgh. /. 1922. The reptiles of western 
North America: an account of the species known 
to inhabit California and Oregon, Washington, 
Idaho. Utah, Nevada, Arizona. British Columbia. 
Sonora and lower California. Vol. 1. Lizards. 

Occassional Papers of the California Academy of 
Sciences 10:1-Gu. 

Van Denburgh, J. and Slevin, J.R. 1913. A list of the 
amphibians and reptiles of Ariwna, with notes 
on the species in the colleclion of the Academy. 
Proceedings of the California Academy of 
Sciences 3:391-454. 

Van Loben Sels, R.C .. Congdon. J.D .. and Austin, 
J.T. 1997. Life history and ecology of the Sonoran 
mud turtle (Kinosternon so,ioritnse) in southeast• 
ern Arizona: a preliminary report. Chelonian 
Conservation and Biology 2:338- 344. 

Van Wagner. T.J. 1996. Selected Life-History and 
Ecological Aspects of a Population of Foothill 
Yellow-Legged Frogs {Rana b.>yliiJ from Clear 
Creek, Nevada County, California. Master's 
Thesis. California State University, Chico. 

Vesely, D.G. 1996. Terrestrial Amphibian Abun­
dance and Species Richness in Headwater 
Riparian Buffer Strips. Oreogn Coast Range. 
Master's Thesis. Oregon State University, 
Corvallis. OR. 48pp. 

Vesely. D.G. and McComb, W.C. 2002. Salamander 
abundance and amphibian spedes richness in 
riparian buffer strips in the Oreeo11 Coast Range. 
Forest Science 48:291 297. 

Vitt, L.J. 1975. Ob~ervations on reproduction in five 
species of Arizona snakes. Herpetologica 
31:83-&4. 

Vitt, L.J. and Ohmart, R.D. 1978. Herpetofauna of 
the lower Colorado River: Davis Dam to the 
Mexican border. Proceedings of the Western 
Foundation ofVertebrate Zoology 2.:35-72. 

Von Bloeker, J.C.J. 1942. Fauna and flora of the El 
Segundo sand dunes: 13. Amphibians and 
reptiles of the dunes. Bulletin of the Southern 
California Academy of Si:iences 41 :29-38. 

Vredenburg. V.T. 2004. Reveising introduced 
spcdes effects: experimental removal of 
introduced fish leads to rapid recovery of a 
declining frog. Proceedings of the N.itional 
Academy of Science:; of the United States of 
America 101:7646-7650. 

Vredenburg, V.T., Bingham, R .. Knapp. R .. Morgan. 
J.A.T., Moritz. C .. and Wake, D. 2-007. Concord­
ant molecular and phenotypic data delineate new 
taxonomy and conservation priorities for the 
endangered mountain yellow-legged frog. 
Journal of Zoology 2-71:361-374. 

Vredenburg. V.T .. Knapp, R.A., 1\mstall. T.S .. and 
Briggs, C.J. 2-010. Dynamics of .in emerging 
disease drive large-scale amphibian population 
extinctions. Proceeding$ of the National 
Academy of Sciences of the United States of 
America 107:9695-9700. 

LITE.llATURE. CITED 349 



Wahbe, T.R. and Bunnell. F.L. 2003. Relations 
among l.arval tailed frogs, forest harvesting, 
stream microhabitat. and site parameters in 
southwestern British Columbia. Canadian 
Journal of Forest Research 33=1.256-J:1:66. 

Wahbe, T.R .. Bunnell, F.L., and Bury. R.B. 2004. 
Terrestrial movements of juvenile and adult 
tailed frogs in relation to timber harvest in 
coastal British Columbia. Canadian Journal of 
Forest Research 34:2455-2466. 

Wake. D.B. 1996. A new species of Batrochoseps 
(Amphibia: Plethodontidae) from the San Gabriel 
Mountains, southern California. Contributions 
in Science from the Natural History Mu:.eum of 
Los Angeles County 46p-1.2. 

Wake. D.B. and Jockusch, E.L. 2000. Detecting 
species borders using diverse data sets: pletho­
dontid salamanders in California, in Bruce, R.C .. 
Jaeger. R .G .. and Houck, I.. D. (F.ds): The Biology 
of the l'lethodontidae. Kluwec Academic/ Plenum 
Publishers. New York, pp.9s-119. 

Wake, D.B., and Papenfuss, T.J., 2005. l-ly,fromnntes 
pl1Jlycephalus. in Lannoo. M.J. (F.d.): Amphibian 
Declines: The Conservation Status or United 
States Species. University of California Press, 
Berkeley. pp.33-784. 

Wake. D.B .. Yanev, K.P., and Hansen. R.W. :zoo:2. 
New species of slender salamander. genus 
Br..irachoseps. from the southern Sierra Nevada of 
California. Copeia 2002:1016-10.28. 

Wallace, R.L. and Diller, LV. 1998. Length of the 
larval cycle of Asrnphs,s truei in coastal strcamg of 
the redwood regions, northern California. 
Journal of Herpetology J2A04-409. 

Walther. G.R .. Post. E .. Convey. P .. Menzel. A .. 
Parmesan. C .. Beebee. T.J.G .. fromentin. J.M., 
Hoegh-Guldberg. 0., and Bairlein. F. 2002. 
Ecological responses to recent climate change. 
Nature 416:389-395. 

Wang, 1.J. 2009b. Fine-scale population structure 
in a desert amphibian: landscape genelics of the 
black toad ( Bufo exrnll. Molecular Ecology 
18:3847-3856. 

Wang. I.J. 2012. Environmental and topographical 
variables shape patterns of genetic slructure and 
effective population size in the Yosemite toad. 
Diversity and Distributions 18:1033-1041. 

Wang. 1.J., Johnson, J.R .. Johnson, B.B., and 
Shaffer, H.B. 2011. Effective population size is 
strongly correlated wilh breeding pond size in 
the endangered California tiger salamander. 
Amh11stoma californiense. Conservation Genetics 
12:911-920 

Wang. 1.J.. Savage. W.K .. and Shaffe1. H.B. 2009. 

Landscape genetics and least-cost path analysis 

)SO llTERA'TIJP.E CITE!> 

reveal unexpected dispersal routes in the 
California tiger salamander tAmbystom11 
c,difornitnse). Molecular Ecology 18:1}65-1374. 

Wang. J. 2009a. A new method for estimating 
effective population sizes from a single sample of 
multilocus genotypes. MQ!ecular Ecology 
18:2148-2r64. 

Ward. P.S. 1987. Distribution of the introduced 
Argentine ant ( Iri.:fomyrmex l11m1ilis) in natural 
habitats of the lower Sacramento Valley and its 
effects on the indigenous ant fauna. Hilgardia 
5p-16. 

Watson, J.W., McAllister, K.R., and Pierce. D.J. 
200J, Home ranges, movements, and habitat 
selection of Oregon spotted frogs (Ran,:i prttiosa). 
Jo\lrnal of Herpetology 37:292-300. 

Watters. T.S. and Kats, L.B. 2006. Longevity and 
breeding site fidelity in the California newt 
(Tariclrn torosa): a long-term study showing the 
efficacy of pit tagging. tlerpetological Review 
37:15r. 

Weinstein, S.B. 2.009. An aqu3tic disease on a 
tcr~strial salamander: individual and population 
level effects of the amphibian chytrid fungus, 
8a1r11chochy1ris,m dtndrobatidis, 011 Bolr<lchoseps 
,mmuaius (Plethodontidae). Copeia 
2009:653-660. 

Wells. M.T.199&. Wildlife Managemenl Plan for 
Torrey Pines State Reserve: Terrestrial Verte• 
brates. Wildlife Management Plan for Torrey 
Pines State Reserve, Torrey Pines State Reserve, 
La Jolla, CA. 

Welsh, H.1·1., [r. 1985. Geographic distribution: 
Ascnphus lruei. Herpetological Review 16: 
59. 

Welsh, 11.1-1., Jr. 1988. An ecogeographic analysis of 
the herpetofauna of the Sierra San Pedro Martir 
region. Baja California: with a contribution to the 
biogeography of the Baja California herpeto• 
fauna. Proceedings of the California Academy of 
Sciences 46:1-72. 

Welsh, H .H., Jr. 1990. Relictua! amphibians and 
old-growth forests. Conservation Biology 
4 :309-319. 

Welsh. H .H .. Jr. 2.011. Frogs. fish and forestry: an 
integrated watershed network paradigm 
conserves biodiversity .nd ecological services. 
Diversity 2.011:503-530. 

Welsh, H.H .. Jr .. and Bury. R.B. 2005. Pletliodon 
elongates. in Lannoo, M.J. (Ed.): Amphibian 
Declines: The Conservation Stal us of United 
States Species. University of California Press, 
Berkeley. pp.806-807. 

Welsh. H.H .. fr .. Fellers. G .. and Lind. A. 2007. 
Amphibian populations in the terrestrial 



environment: ls there evidence of declines of 
terrestrial forest amphibians in northwestern 
California? Journal of Herpetology 41: 

469-482. 
Welsh, H.H., Jr., and Hodgson, G.R . .ioo8. 

Ampl1ibians as metrics of critical biological 
thresholds in forested headwater streams of the 
Pacific Northwest, U.S.A. Freshwater Biology 
5p470-1488. 

Welsh. H.H., Jr., and Hodgson, G.R. ion. Spatial 
relationships in a dendritic network: the 
herpetofaunal metacommunity of the Mattole 
River catchment of northwest California. 
Ecography 34:49-66. 

Welsh, H.H .. Jr .. Hodgson, G.R .. Duda, J.J., and 
F.mlen. J.M. 2010. Jlaunal assemblages and 
multi-scale habitat patterns in headwater 
tributaries of the South FoTk Trinity River: an 
unregulated river embedded within a multiple­
use landscape. Animal Biodiversity and Conser• 
vation 33:63-87. 

Welsh. H.H., Jr., Hodgson, C.R., and Lind, A.J. 
2.005. Ecogeography of the herpetofauna of a 
northern California watershed: linlting species 
patterns to landscape processes. F.cography 
28:521-n6. 

Welsh, H.H., fr .. and Lind, A.J. 1988. Old-growth 
forests and the distribution of terrestrial 
hcrpctofauna, in S7.aro, R.C,, Severson, K.E., and 
Patton, D.R. {Edsl: Management of Amphibians, 
Reptiles, and Small Mammals in North America. 
General Te<.:hnic~l Report RM-166. US Depart­
ment of Agdculture, Forest Service, Rocky 
Mountain Forest and Range Experiment Station. 
Fort Collins, CO, pp.439-459. 

Welsh, H.H .. Jr .. and Lind, A.J. 1991. The structure 
of the herpetofaunal assemblage in the Douglas­
fir/hardwood forests of northwestern California 
and southwestern Oregon. US Department of 
Agriculture, forest Service, General Technical 
Report PNW 2.8n95-413. 

Welsh, H.H .. Jr .. and Lind, A.J. 1992. Population 
ecology of two relictual salamanders from the 
Klamath Mountains of northwestern California, 
in McCullough, D. and Barret, R. (Eds): Wildlife 
2001: Populations. Elsevier Science Publications 
Limited, London, pp.419-437. 

Welsh. H.H., Jr., and Lind, A.f. 1995. Habitat 
correlates of the Del Norte salamander, Pleiho,lo1i 
elo11ga1~5 (Caudara, Plethodontidae}, in north• 
western California. Journal of Herpetology 
.29:198-210. 

Welsh, H.H .. Jr .. and Lind, A.J. 1996. Habitat 
correlates of the soulhern torrent salamander. 
Rhyacotriton variegatus (Caudata: Rhyacotritoni-

dae), in northwestern California. Journal of 
Herpetology 30:385-398. 

Welsh, H.H., Jr., and Lind, A.J. 2002. Multiscale 
habitat relationships of stream amphibians in the 
Klamath-Siskiyou Region of California and 
Oregon. [ournal of Wildlife Management 
66:581-602. 

Welsh, H.H., Jr., and Ollivier. L.M. 1998. Stream 
amphibians as indicators of ecosystem stress: a 

case study from California's redwoods. Ecologkal 
Applications 8:nr8-1132. 

Welsh, H.H., fr., Pope, K.L., and Boiano, D. 
2006. Sub-alpine amphibian distributions 
related to species palatability to non-native 
salmonids in the Klamath mountains of 
northern California. Diversity and Distributions 
12:29t-;09. 

Welsh. H.H .. Jr .. Roelofs. T.D., and Ftissell, C.A. 
2.000. Aquatic ecosystems of the redwood region, 
in Noss. R. (Ed.J: The Redwood Forest. Jsland 
Press, Washington, DC, pp.165-2.00. 

Westerling, A.L. and Bryant, 8.P. 2008-. Climate 
change and wildfire in California. Climatic 
Change 87:S231-S249. 

Westerling. A.L.. Bryant, B.P,, Preisler, H.K .. 
Holmes, T.P .. Hidalgo, H.G., Das, T., and 
Shrestha, S.R. 201r. Climate change and growth 
scenarios for California wildfire. Climatic 
Change 109: S44$-S463. 

Westerling, A.L., Cayan, D.R., Brown, T.J., Hall, 
B.L., and Riddle, L.G. 2004. Climate. Santa Ana 
winds ,md autumn wildfires in southern 
California. EOS, Transactions, American 
Geophysical Union Sr 289-296. 

Wheeler, C.A .. Garwood. J.M .. and Welsh. 1-1.H., Jr. 
2005. Natural history notes: Rana !ioy!ii. 
Physiological skin color transformation. 
Herpetological Review 36: 164-165. 

Wheeler. C.A. and Welsh. H,H., Jr. 2008. Mating 
strategy and breeding patterns of the foothill 
yellow-legged frog ( Rana bo11lii). Herpetological 
Conservation and Biology p28-142. 

Whcdcr, C.A.. Welsh. H.H., Jr .. and Roelofs, T. 
2.006. Oviposition Site Selection, Movement. and 
Spatial Ecology of the Foothill Yellow-Legged 
Frog (Rana boylii). California Department of Fish 
and Game, Sacramento. 

White, M. and Kolb, J.A. 1974. A preliminary study 
of Thamnophis near Sagehen Creek, California. 
Copcia 1974:126-136 

Wiens, J. and Titus, T. 1991. A phylogenetic analysis 
of Spea (Anura, Pelobatidae). Herpetologica 
47:.i1-2.8. 

Wilgenbusch, J. and De Queiroz, K. 2000. 
Phylogenetic relationships among the phryno-

LlrERATURE CITEO }SI 



somatid sand lizards inferred from mitochon• 
drial DNA .sequences generated by heterogeneous 
evolutionary processes. Systematic Biology 
49:592.-612. 

Wilkins. R.N. and Peterson, N.P. 2000. Factors 
related to amphibian occurren.:e and abundance 
in headwater streams draining second-growth 
Douglas-fir forests in southwestern Washington. 
Forest Ecology and Management r39:79-91. 

Williams, D.F. 1986. Mammalian Species ofSpetial 
Concern in California. California Department of 
Fish aml Game, Sacramento. 

Wilson, C.A. and Rannala. B. 2003. Bayesian 
inference of recent migration rates using 
multilocus genotypes. Genetics 163:1177-1191. 

Wilson. L.D. 1971. Thecoachwhip snake Mastico­
phisjl11gellum. (Shaw): ta>.onomy and distribution. 
Tulane Studies in Zoology and Botany 16: 
Jr-99. 

WilsoJ1. L.D. 1973. Masiicophisjlagellum. Catalogue 
of American Amphibians and Reptiles 14p-4. 

Wiseman, K.D. and Bettaso, f. 2007. Natural 
history notes: Rana hoylii. Cannibalism and 
predation. Herpetological Review 38:193. 

Wiseman. K.D .. Marlow, K.R., fackman, R.E., and 
Drennan. J .f. 2005. Natural history notes: RaM 

boflii. Predation. Herpetological Review 
36: 162-163. 

Wojtaszek, B.F., Staznik, B .. Chartrand. D.T.. 
Stephenson, G.R., and Thompson, D.G. 2004. 

Effects of Vision@ herbicide 011 mortality, 
avoidance response, and growth of amphibian 
larvae in lwo forest wetlands. Environmental 
Toxicology and Chemistry 23:832-842.. 

Wollmuth. L.P., Crawshaw. L.1.. Forbes. R.B .. and 
Grahn, D.A. 1987. Temperature selection during 
development in a montane anuran species. Rana 
cascadae. Physiological Zoology 60:472.-480. 

Wonc, B. and lleaucharnp. B. 2003. Movement. 
home range, aud activity patterns of the homed 
lizard, Phrynos1>ma mcallii. Journal of Herpetol• 
ogy 37:679-686. 

Wood, D.A .. fisher, R.N .. and Reeder. T.W. 2008. 
Novel patterns of historical isolation, dispersal. 
and secondary contact across Baja California in 
the Rosy Boa (Licham.tm trivirgata). Molecular 
Phylogenetics and Evolution 46:484-502. 

Wood. D.A. and Richmond, J.Q. 200}. Geographic 
distribution: Diadophis punclatus. Herpetological 
Review 34:169 

Woodhams, D.C., Bosch, J., Briggs, C.J .. Cashins. 
S., Davis, L.R., Lauer, A., Muths et al . .2011. 

Mitigating amphibian disease: strategies to 
maintain wild populations and control chytridi• 
omycosis. Frontiers in Zoology S:S 

Jp LITERATURE CITEO 

Woodson. \V.D. 1949. Gila monster in California. 
Herpetologica 5:151. 

Woodward, B.D. 1982. Sexual selection and 
nonrandom mating patterns in desert anurans 
(Bufo 1111X>dho1uti, Scaphiopu5 w11chi, S. mulliplica• 
tus and S. bomllifrons). Copeia 1982:351-355. 

Worthylake. K.M. and Hovingh. P. 1989. Mass 
mortality of salamanders (Ambys1om11 1igrmum) 
by bacteria (Acinelob11cter) in an oligotrophic 
seepage mountain lake. The Great Basin 
Naturalist 49:J<>4-372. 

Wright, A.H. and Wright, A.A. 1949. Handbook of 
Frogs and Toads of the United States and Canada. 
Comstock Publishing Co .. Ithaca. NY. 

Wright, A.H., and Wsight, A.A. 19s7. Handbook of 
Snakes oftlte United States and Canada. 
Comstock Publishing Co., Ithaca. NY. 

Wright. A.N .. Hijmans. R.J .. Schwartz, M.W .. and 
H.B. Shaffer. 2013. California Amphibian and 
Reptile Species of Future Concern: Conservation 
and Climate Change. Final Report to the 
California Department of Fish and Wildlife, 
Nongame Wildlife Program, Task 12, Contract 
No. Po685904. 

Wroble. J. and Waters, D. 1989. Summary of tailed 
frog (Ascaphus iruei) and Olympic salamander 
(Rhyi>cotrilon olympiciLS variegiitusJ stream 
surveys for the Pacific Lumber Company. 
October 19B7 to September 1988. Pacific Lumber 
Co .. Scotia, CA. 

Yanev, K. P. 1978. Evolutionary Studie~ of the 
Plcthodontid Salamander Genus 8a1rachoseps. 
PhD Di~~ertation. University of California, 
Berkeley. 

Yanev, K. P. 1980. Biogeography and distribution of 
three parapatrk salamander species in coastal 
and borderland California, in Power, D.M. (Ed.J: 
The California Islands: Proceedings of a 
Multidisciplinary Symposium. Santa Barbara 
Museum of Natural History, Santa Barbara, 
California. pp.s31-550. 

Yanev, K.P. and Wake, D.B. 1981. Genie differentia­
tion in a relict desert salamander. Balrachoseps 
,ampi. Herpetologiu }7:16-28. 

Yarnell. S.M. 2000. The Influence of Sediment 
Supply and Transport Capacity on Foothill 
Yellow-Legged Frog Habitat, South Yuba River. 
California. Master's Thesis. University of 
California, Davis. 

Yarnell, S. M. 2005. Spatial Heterogeneity of Rana 
boylii Habitat: Physical Processes, Quantification 
and Ecological Meaningfulness. PhD Disserta• 
tion. University of California. Davis. 

Yarrow. H.C. 1882.. Descriptions of new species of 
reptiles and amphibians in the United Stares 



National Museum. Proceedings of the United 
States National Museum 5:438-443. 

Young, K.V. 2010. Comparative F.cologyofN'arrowly 
Sympalric Horned Lizards under Variable 
Climatic Conditions. PhD Dissertation. Utah 
Stare University. Logan. 

Young, KV. and Royle, J. 2005. Abunda11.(e and Site 
Occupancy of Flat-Tailed Horned Lizard (Phry,io• 
scm~ mcallii) Populations in Arizona and 
California. l'inal Report to US Buteau of Reclama• 
tion, US Navy, and Arizona Game and fish 
Department. 

Young, K.V. and Young, A. 2000. Scientific study 
of 1he flat-tailed homed lizard, Phr}'iiosom" 

mu4/lii. Final Report to US Departmenl of the 
Navy. 

Young, K.V. and Young, A.T. 2005. Jndirect Effects 
of Development on the Plat-Tailed Horned 
J.i7.ard. Final Repott to Arizona Game and Fish 
Department, Yuma, npp. 

Zalusky, S.B., Gaudin, A.f .. and Swanson, J.R. 
1980. A compa1ative study of cranial osteology in 
the North American sand lizards, genus Uma 
(Reptilia: lguanidae). Copeia 1980:296-3co. 

Zeiner, D.C .. Laudcnslaycr. W.F .. Jr .. and Mayer, 
I< .E. 1988. California's Wildlife. Vol. 1. Amphib­
ians and Reptiles. California Department of Fish 
and Game. Sacramento. 

Zweifel, R.G. 1955. Ecology, distribution, and 
systematics of frogs of the RAnQ &oylii group. 
University of California Publications in Zoology 
54:207-292. 

llTERATVB.E CIHO lB 



This page intentionally left blank 



APPENDIX 1 

List of Native Amphibian and Reptile Taxa Occurring in California 

Cl>FC speclal 
lu:x::w11 Commonn1me animal VSFWS' CDfW' IVCN' VSFS' 8LM 

"""" 
Ascaphidae 

Ascaplnc~ ln.aei Coastal !3iled frog X SSC LC 

Bufonid,e' 

811[0 alvor11u Sonoran Deserl toad X SSC LC 

IJ11fo ~m~s b•~"' Western toad NT 

Bufo b.lrt~s /14fopl1ilus Californi• wtstern tood NT 

Bufo ,alifornicu, Arr<YfOtood X 8 SSC l: 

811fo,an<>r11s Yosemite load X T SSC E s 
Bufo ,ogno1us Great J-'lains toad LC 

Bufousol Bfack trod X 'f,fl' V s s 
B11fo prmctatus Red,spott~d tood LC 

Bufo wo.'llho111ii Woodhouse's t<>ad LC 

HyHdat 

Pseudacris cad,wtrina Cahfornia tr~frog LC 

Pseudar.rif. ~gilla1 P~cific ,,.,frog LC 

11.anidae 

Rana aurora Northm1 red-legged frog X SSC LC s 
Ran<1 b.>rJii Foothill )"<:llow-lcggod frog X SSC NT s $ 

--~, 



CDfCspec1>l 
Ta•on• Commot\ name :.mim.il USFWS• CDFW' IUCN' USFS' BLM 

At\uta 

Rona u,srlldot Casc,,des frog l( SSC NT s 
Ro.nndmytouii C•l1forn11 red,leiu;ed fr<Jg X T SSC V 

/(.O.Jta musa,sa Southern Mountaht yellow-legged frog X E £ £ s 
Ro•~ pipie,,!-• Northern li!opud frog X SSC LC 

Rann pretiosca•• Oregon spottal frog X T SSC V s 
kmsa 9.trroe Si-,rra Nevada yellow,legg.ed frog X E E E s 
Juma )'(1VO.pn.ienJis lowland le<>pard frog X SSC LC s 

Sc.phiopod,cb~ 

S,apkiop11s. ,oucftij Couch's spadefoot X SSC LC s 
Speo. ha»1•1oi1dii Wtstun siudefool X SSC NT s 
Spt:a iotr.,moufJ1r,u Cre,,t basin sp,defoot LC 

Ca11.dua 

Ambyatomilidae 

Aml,y.stoma <olifornit11st Califorma t1ser salamander X T T V 

Ambysroma rnlifOmieust "Santa Sa.nu Barbara 11g.er s:ab mande, X E T V 
Barb•n· 

Am&yston,a californitnst "Sonoma" Sonoona t1gersalamandtt X E T y 

Ambystoma gra, ile Nor1hv.'f:Ste1n sala,nander LC 

Ambystoma "'"'"'da,1)111,m (r«tlfm Sinu Cruz long-toed safamander X E E. Fl' LC 

1\mbystoma 111atrodae1ylum sigillat1<m Southem long toed salamander SSC lC 

Dit•mptodonlid3e 

Dic:cimptodon r:11SCJhn California giant solamander SSC NT 
Dicamptodon teuebro.sus P~tf>< giant salamander LC 

• 



i'lethodontidie 
Atttidttferrt1l$ Clouded safam3nder NT 

AKtides flavipu11cra1us Black salamander NT 

A•titlts flavlpu11cra11,s nigtr Santa Cruz blar.k salamander SSC Nl 
I\Htid,sflovipu11,1a111s •shas1a·" Shasta black salani.111.:ler NT 

Attti,fo higul>ris Arbors:d ul:omandcr LC 

Antidts vagratts Wandering s.larn.nder NT 

Batradti>Stps al11:uiur'ae: Gretn1\◊rn Mounti,1\$ slender 
.sal~mander 

Batrachoseps Altt11uatut California slender salamander LC 

Balrach~tps braniti Fu,v.ev.• slt:·uder s.alamand~r s 
11a1,a,ho,tp1 campi luy0Mounh1i11s S¥1amand~r X SSC E s s 
Bu1racho,,p, dlabolkus Hell Hollow slender salamander X DD 

Batrachoo•I" gabridi San Gabriel Mountain~ slend~r )( DD s 
salamander 

Batrachoseps govilantnsis Cabilan Mouutatns s.ltnder salanunder LC 

Balta.dtosips gregarius Gregarius. ~ler,der sabm.andef X l.C 

Bair<UhoS<p$ incogniros San Simeon slenJe, Sila,n1ndcr X DD 5 

Batradt0$<p$ i:a1•1a Se4uoia. al.ender salamander X !)0 

Batradtosips luciae Santa lu,cia Mountains slender X LC 
salanundcr 

Bat""hostps maj~raria11t D<!!Strt slender s.=-b.mander X E E LC 

8tnraCho$tf15 major major C.u~n slender salamander LC 

6a1n11hoseps mi11cr Lesse, slender salamander X SSC DD s 
&11rachostps 11igtivt111tii Black-bellied slender salamander LC 

, __ ,I) 



CDFC special 
Tuon1 Cc,mmonn~m~ a.n1m.:tl USFWS1 CDFW' IUCN' USFS' BLM 

CauJau. 

Batrathostps p,uifitus Clu,mi<,I Islands slender s.alamander X lC 

Bacmc.hos.tps rtgius Klngs River slender salamander X V s 
Barrathose1s rdit11,s lldictual skndet salamander X SSC DD s 
hrrathoscps robuS111s Kern Plat<:.au salan1.tnder X NT 

Batra,hostps simatus Kern C.anyon slender salamander X T V s 
Scltmck.oJtps stebbiru~ Tehachapi slender :salamander X T V s 
E1Js~iitt(1 nc:lischoU.lii ""''"''6' Yellow-blotched en,atino X LC s s 
E1mztitta nch,droltzU r.schsdt-0l12ii ~,fonlerey ensuina LC 
llnr"tina ti:,:/1$0!(!1!zii l.lauheri L~r~•blot<h'!d fflsatin• X LC s 
l:nsa1ina ,scl1sd,~l•iii oregonensi1 Or~on ~nsatina LC 

E'usotiuQ e.schsdwl1iii picta Painted cns.Jtin.J LC 

Ensi:ilinQ eschSCMhz-i.i pliz,eruis Sierra Nevada ensatina tc 
(11sali11f' eseh$CMf1tii x,uilh<>plica Yell◊v.-•eyed ensatin• LC 

Hydromctntcs brum&S Lim,.:,stont sal.amand~ X T, Fl' V s s 
Hydroma,it,s pl••i~•phal••" Mount Lyell sal•m•nder X lC 
Hydum,antes sh11s,at Shasta salan1andt-r X T V s s 
l'l,thodon •••p•k Scott River sal3mandtr X T V 

Pttlhodou du11ni Dunn·, ialamarufer l.C 

/>ltJhod¢t1 tlongaJu$ l><!l Nortt sal.,m1nd" X NT 

F1cdio4otJ sformi Siskiyou Mountains salamandf!r X T E s 
Rhy.acotritonidae 

/1.hy,mwiron .-ariegal•s Southern 1orrem salamrnder X SSC LC s 



Sala,naod ndae 

Tundtp g1'mttlosu 11.ouglt•S~mned n..wt LC 

TiiridtA rivularis Red.bellied newt SSC LC 
Tan.cha sterrat Stena newt LC 

Tslr4'1,.a coro.tO <:o•st Ran~ ,~wt X SSC" LC 

Squ.atnar:..- Liurds 

Angu1dae 
Elgaria .:«tu/ta <4etule4 S~n Fr•ncisc<> allig310, lizard LC 
f/81lri• tlltmlta palmtrl Sierr• Nev•d• •lllgator lrzard LC 

t:tgari• ro,rnlto prin,ipis Nonhwestern •lllgator hzard LC 
Elg.,ri~ roerulea sl1Mmsi1 Shasta alligator lizard LC 
Elgarfci muftitariuata muttiC'l1rhi<ah1 Cahforni3 3lltgator hurd LC 
Elgaria 111ufticarin11rA sLit1tica11d11 Oregon ~Iii gator liz.>rd LC 

ti18(1rio mulricorinor• 1vellhii San Diego alligator lizard LC 
Elgalio panaminrina Panamint alligator lizard X SSC y s s 

Anniellid3e 

A.nttitlla putchra rulchra0 Sih-.ry legless liz,rd X SSC LC s 
Armitllu puld1ru 11igm llla<k lt1;lts. i;.,,d X SSC LC s 

Crotophytidae 

Croropkf'll<S bi,in,1ores o;;reat Ilasin collared lizard LC 
C1111opkt11,111<stigiu111 Bap Californi.o (o)!lared Hurd LC 

Gomb.t.liA capeii Cope's l•op,rd lizard SSC LC 
Gambdia sila Blum•11osed leo,-..rd lizard X E E.FP E 

Coml,Jia. wisliienii font·no>ed l,op3nl 1;._,,d LC 

'"'"'"'ow/ 



CDfGs~1al 
To.xon' Common name 3nimal usr-wst CDFW' IUCN• usr:s' BLM 

Squamata- Liz.rnls 

Cekl<omd.., 

Caito1ty.- ,witaki Barefoot gecl:o X T LC s 
CofrOtl)W varu2a1us abboui San Diego bandtd gecko X SSC IC 
Colt:onyx var1.e~lus vi.&rir,g,aC.UJ D,s.,1 band,d ~«l:o LC 

Phifodo<1yl1os KO<lirolus f>enlnsular le'1f.toed ge,:ko LC 

H,lodermahd«• 

Htlodt:rma suspi,fum cind r.,m B,nd.d Gila monster X SSC NT s 

lguanidae 

D1p,;OS<1ur11s do1'$(1(is Desert 1gu3na LC 

Sa,m:,mafus Altr Common <hud,.-,.yalla LC 

Phry11osomatidae 

Coflino.cruJ druc0t1oidts Zcl>ra-tail<-d liurd LC 

r1urosAurus mearnsi &.nded rock liurd LC 

PhrrnOS(Jml.l bla.inviUU'~ Coast horned lizard X SSC LC s s 
Phry)10S<tma. dougla~H Pigmy sl,ort-horncJ li~ord LC 

P1'trynosomu m""Uii Flat-1,il•d horntd liurd X SSC NT s s 
Phrvno,,1tn.ri placi~hin<>s «didio,um Southern desert horned 111:.ard LC 

Ph')'1t<>SOm.a plat)'Thino, plari,rhino, Northerndeser1 horned hz.ard LC 

Sctloporus gNJcio!l<S g,o2tili~ W~t~rn sagtbrush lil.'lrd LC 

Scefopl1ms gratiosus gratii>S&.11. Northern iigtbrush liurd X LC s 
s,el<ipl1YhS gmd<>Sl'S V(tt1dtnb1ugi,mus $Quthem s~gebcush lizard LC 



Scdoponu m1Jglster u11ifonttis'II Yelk>w•backcd de~rt spiny linrd LC 

Salopo,rus mogister tronS\ler,ms B,mcd desert spiny liz~rd LC 

St'tlop<>rus o,;,::identalis beeki lsl~nd fffll~ h2ard LC 

Sctloporus oa.identalis bi!lri•1u1 San Joaquin fenc-: lizard LC 

Sctlopoms ocddentali.s bocouriii Coast Range fence lizard LC 

.Sulopi>ru, o,::,::iden1'11u lon&ip,s Crtat Basin fone<: liurd LC 

!inlopi>ru, o,;,::idenlolu oeeidrn1ali1 Northwestern fenceliurd LC 

.SC.loporus oceidetll<llu ti:.ylori Siem fence lizard LC 

SalOjlorUS orcutti Granite spiny hzard LC 

Utt1!l iNiJYHOtiJ Co><hella Valley fringe•lo•d hzard X T E E 
Un1u 11olutu Color,do Desero fringe-toed hrard X SSC NT s 
Um.i sc.oporiA Mojave fringe•toed li .. nt X SSC LC s 
U~1ou, .. sgn,cio1us Long•tail~d brush lizard LC 

Urosaurlls ,1igrfr.pudus Bai• Call fomia bzush liurd LC 

Ur~saurus ontMtu Ornate tree lizard LC 

ururansburiano eltgans Western common side•blotched liz:ard l.C 
Uta sransburiana ntvadctul.$ Ne.,da common side.f>lolchrd li"'rd LC 

Uf.Q sranshuri,:ot.t:1 stAnsburioKA Northern <ommon sid~-l>lot<hed li~rJ LC 

Scind.dac 

Plesticd<>n gil&.,ri Gilt.errs skin~ LC 

Pleszi.odon skillonUuu.n s~iltonianu~ Western skink LC 
PfenWtfott .1kilh,111iatuu fotupnn·eiolit Cor<lnadoskink X LC s 

Teiid•e 

Aspidosceli, hypt'}~hra Ounge-throatcd "hiptail X LC s 
,...,,, .. ~, 



COFG spt<lal 
Ta~n1 Commonnime .animal VSfW$' CDF\1/' IUCII' \JSFS' BLM 

Squamata- Lizards 

Mp1dosrtli$ tig1i$ m11nifa Calilornla whiptail LC 

Asp1dottdi1 tlgril $l<Jn,gtri Coastal whiptail X SSC LC 

Asp1do~tli, tigri, 1igris Creat Basin whiptail LC 

)(a,,tus1iJat-

Xanhuia grtJ, il~ Sand,tone night lizard X SSC V 

Xantus,a hensho.wi Henshaw·, night h,ard LC 
Xatm.uia rwtr.siana lsbnd night lizard )( LC 

XanfuJiu vigil is Jtr;r7$lt:H Sierra night lizard X SSC LC 

Xanh,nP 111gili$ vigif1sn Deserl nigh! li,ard LC 

Xa11tusi11 wigginsi Baja California night lizard LC 

Xan11uip ip ·Yuco ½Jley· Yucca Vall,y night ln:ard LC 

Xa11twiP tp. "S3n J,,cin10• S3n J:ic1nto night b?3rd LC 

Squam.ata. Snakes 

Boidae 
ChariM bollat bot1ae Rubber boa LC 

Cltarina boltQt umlm.rico Southeni rubber boa X T LC s 
Lichunuru orc:uu,u: C.,(ifomia rosy boa X LC s 

Cclubridae 

Arizon• tltgQns r~ndid~ Mo1»-e glossy snake LC 

AriZOHQ tlegan, tb11rtto111 Desert glossy sn,l,:c LC 

Arizo•a tltgaut ouidt111al,s Califomi> glossy sn•~e SSC LC 

B~uloplU$ ,osali& B«i« C.lifomio rat srnl:~ X LC 



Ckionatlis c)C£ ip.itatis orinulata Color a.do shovel-nosed snake LC 

ChiMat1i1 oC<ipilalis occipirali, Mojave shovel-nosed snake LC 

Cltiomu:tis o,dpitolis talpino >levada ahovel,nc,sd sn•k• LC 

Colr,b.tr C4'tJJtri.i;lor mormon Wrstern ytllow•bNl~d racer LC 

C<>nria l""giuruda Forest sh>rp•t~iled sn,ke LC 

Cvntia tenois Common sharp•taile-d snake LC 

Diodophis p•nclolus "Coostal CA"" Rint·necked sn•\• LC 

Di ado phis p111Jcfahn ·taslern CA" Ring,necked snak• LC 

Diadophii pµnc1aIu, ·souIhern CA" Ring,n,ck,d snak• X LC s 
r,;1,1Jophi, pµn,tpfµ$ "'Gr~t tfuin"» Ring•ued~ sn~~~ SSC LC 

Hypsiaf,,,. cl1loropl,ntci Northern de-sect nightsnal:e LC 

Hyr,i8frn~ odlrorhynclt~ kl~"beri S•n l>iego night snake LC 
Hypsig(rna ~dowhyncha nud111IRt<1 calilornia nigh1 snake LC 

l.ompro,,,el1i, cali]omioc Common lcing~n.ike LC 

Ulmprop,!tis tt1khlfa:sciatR0 Cahfo,m.a mouutam lcln£,Jnakt: X LC s s 
l.umpropthis z.ott~hl California: mountain ktugsna'kc LC s 
MAAi<op!,is Jlag,llum pictus11 Red cwchwhip LC 

M/ISli<op/tis/l~grllutt, rtllldocl:i San Joaquin coachwhip X SSC LC 

Mlltficophis /uligiNOSI'$ l!3j3 California (')3<:h,.hip SSC LC 

Mas1icoplu1 la1erolis euryxanthus Alameda stnpt'd r.><:er X T T LC 

Mnsticophis laierolis IAttralii Calirornia striped ucer LC 

MAstirophis 1aenio1us Striped whipsn•k~ LC 

Phyllorhrnc:ltiis dec&Jrlutui Spot1,d ,....f.no,.d ,nal<.,, LC 

PilU9f>his <art/lifer Rjf mis Sonoran g¢pher snake LC 

Pir11cpl1is cattniftr ~nnutem San Diego gopher sn.lk'! LC 

(t-•ft.J4J 



CDl'Gcr«1ll 
Tlxon' Common name animal USFWS' CDFW' JUCN' USFS' IILM 

Squ,mata-Sn:akes 

Piruophu careniftr ,.,,e,,ifer Pacific gopher snake LC 

Pi1uophi1 ta1<niftr dmrri'°/" Crcat Basin gophi:r snake LC 

Piruophis tarrniftr pktnili! Santa Cruz Island gopher snake X LC 

Rhinoelu:ilu:t Ztwnrti long•th>5ed snake lC 

Salvad= l,exalq,is hexalepis Dt~rt 1>3tch-nosM snl\'.e LC 

S11l1JCJ.dot11 he,:"lepi~ tnojavinsis Mojave patch-nosed snake LC 
Salvad= 11,x.,/epis eirgultea Coast patd'l•nosed snake X SSC LC 

.SonorQ semic:tnnul"'" Western ground snake LC 

TMrilla ht>barl$1•ilhi Southwtstern ~k-hudtd snake LC 

TIWilla pJal<icept C3lifornia blad:-h~~d snak~ LC 

Thomnophis atrotus Qtratu.s S.ant.a Cruz a.qu.atk garter snake LC 

Tharnnopkis a trow, h)'lirophiho Oregon aqul'1ic. garter snalc~ LC 

Thumnophis ar,arus za>fan1/1u1 Oiablo Range aquatic g,tte, snal<e LC 

Tltamn<>phis couthi, Sierra 1westcrn aquaoc) garter snake LC 

Thamn<>pki, el•,!;"•• d'f."n' Mount.3.in terrestrial g.arter snal:e LC 

Thamtt<>pkts trtga,u ttrrtitriJ Coast terrestriil g.artet snake LC 

Thomnophis dtg11nt vag,a•t Wandering tettcstrlal gaucr snake LC 

Thomnopltis gigo, Giant ga,tc, snake X T T V 

11,am.nophis hammondn Two-striped &•rter snake )( SSC LC s s 
Tht.1n111opl.i$ rttorcia1tus Chee kered g.arr,r $r-.al:~ 

ThtJmlfophU ordincidts Northwtsic,n g~1te1 sn~k<- LC 

Thamnophis sir1ali,f,1d11 V-,lley garter snake LC 



Thamnopltis rirtolis infc,noliJ0 Cal1forn11 red•S1ded garte? snah X ssc•· LC 
Tha.ttttcophis sirtali.s tetrar,unia San Francisco garlM sn,ke X E E. FP LC 

Tri111orpl•~don lambda Sonoran lyro sn•k• 

Trimorphod,,11 lyropi1o1•t< Peninsul.u Jyre snal--e 

L,p1~Iyphlopidac 

Rcncz Jum,tlis. ltumilisJS Southwestern bhnd make LC 

Rcm:i Ju,milis cahuilrtt Desert bhnd snake LC 

Viperidac 

Crotalus atro.-.:- Wtstern diamond.backed r,ttlesruike LC 

Crotalus ctrastes ctrosres Mojavt lJesert sidewinder LC 

Crost1lu:s cef'Asris laierort:puis Colorado Dtserl sidewinder LC 

Cro1ahn mi1<l1~Uii Sp<:<:klcd mtlesna\x, LC 

Crotah,1 ortganu, k,U,,i .. Sc,uthern Pacifk raulesnake LC 

<:rotnlus oreganus lutosus Great Basin rau)esnake LC 

Crorcdu> cregonr,s oreg'1mu Nonhern Pacific raulesnake LC 

CroMhu rubtr Red diamond rattltsn,ke X SSC LC s 
cro,alus stUl1<l011,, Horthern Moj•ve rattlesnake LC 

Crorafus steplttnsi Panamint rattlesnake LC 

Testudines 

Emyd,dae 

rn,ys numttorara mannoratAP Nor1h~rn wisrtrn pond tunlt X SSC V s 
Emys marn~oro,., pallidtl Southttrn \'.~ste-rn pond turtle X SSC V s s 

,, __ '1 



Tlmn' C<>mmoonamc 
core; special 

anim1I 

Testudines 

kinosternida~ 

KinQst,rnon 1onwie11.se 

Testudinidae 

Sonora mud llutle X 

Cophtrui agaSJizii Moh••~ Dt~rt t<moist X 

1. $pt(itt., f.ltbt~dt$.. or Dis,inct P-,p11bt1<>111 ~gmtnl lDJi'Sl 
a. E: El'ldangtud:~ lhrttlfntd. 
)· 1; t:nd:an8('c<"d; T: U\fntc-ncd; f P; fylly Prom:,: SSC: 

'Spcc1tsolSpccill Concc,n. 
•· E: Endani,crt-d: V. V1ilnc-ub!t:HT: >leul)uu~n«:d; LC 

lNfit Con0ttn; [)[): D1t:11 Dtf'iciitnt 
~- S: Sensili,·e-. 
6. F,ou ,ut. t:aoofu.) recommend phcing.111 Cilifott1i:11 

bu(orud!t <>.~ t,;,/o(1ff\uiksin tltcl('nus A11a.cyr10. hos• C1il. 
(2009b) !t)(<tn1n1tnd d~1 IJ. "1'1'1&ri1oosbc- ph«d i1t tk g<nU1 
lnulius. 

7. Rtcuffo~• al 11006.l,2.ooGb, pr({IO~btt.aklng ls.v.docri, 
rtgi1Jo {se1Uu l:no) into1hrttdi:t1h1.cctJe.ci.e-t. Thit ptopanlhu 
ti:Of bttn: widcly i.«epv.dbt<-1uteUle r-lnge l>ourv.S:11rk1ofthe-
1b,t< 1.-u :ut poi:,.rty<.h.ar.t<.tt1,v.-d u,J stg,tffioa1 ~aplc;,trp';c' 
W,i,,e ~,.fau .11:ro~s lht:1-t pul,a,li'l't fi111Ng:~ that h~• 1tJ)I (xo('A 
.$11t.:lfit.d, 

S. Tb1J l1<1gwa.,: ...;4e,t, hmo,di.utd in C'-llffornia at~Mpoint, 
1ho1,1;gh pr<A1cn1:d nalrw< popul&tic:ti:if,..ere ;iillo pr<"IC'Ol, The 
I.axon ma.)· n,c,,,.• '3tr.-<"xlitp;iit'C"d. 

9. f t0$t t• at 110<>6•) rtco111meud pl•<in& ~'"" pipCerrsa.nJ 
1' . .-w.t.:11"'2 in lltt 8~rrur: li,ll,d,,u,c. 

1<>. II u llktlych:u any populaticn, on thtf'lstt,n$iodu,( 
1hc- v..-unc, No~ntlint .uc .11:1,ulty t::onof1tfn,v11lri1 I lowc:vtr. 
no'Sp«imcns ot da.llC".t.ist to clirify d1is:inut. Uni ii c(w dm 
become ;Jl"'.lil.-.Nc-, It tutritoe11•ri'sonno{ be dc-fini1Ndy ioctudc1:I 
u ~ rntmbtt4)f tht C:iot>fo,nian httf"tol.run.a. 

n . f'oJlo..,.1ng Ri1-d1!, and Apocbu (.a.0<>1> 
,2. Ao O'illt"l'U V•Jl~ popuUh,:>n w.a formtfl)' pttsumed to bt 

an undtac,ibN IUJ:tn.tnd >.as bcc<1rncwir1ttynco,,.ni.?H In dw 
((IMtlVlliM<Offll"D.Unll)'. Rovi!O t2.o,01 rcfoo:, il:S: SUlut 31. 
dit1tco<l lint.13e 1,1d v,c ittcludcd-..:-Owcn, V.-Ue> popu' .Ui0411 
with f-l)'4'()ftS(tAl'(sr4'.1F(qf!t1L,s. 

•) Smu~.-pplW'Saal','ro Mmti!rtrCo,i,111r CA . .and 
muth. 

14. PtPtAfuu u1'J Psrlum (i.Oll) propoJ('d spli111111 A101k'll.:1 

,,..l,lir/4 in C11l,{or ,.;,. iiHoli:re :,pe<it1. 
15 lta<l~(I Jl.1.t."'o~·H •~4~1 •ht" F\'l'110M)macfraru,11r" 

con1p1ie,. r,f.Kh\g~liforni.\ p~:u.ala.11011:s: o( P. <on>Mtk!tl hno 
I>. btdinvR/i. 

1~. S<h1.1l1ttttl. (,00()1 s,n::,po1tVmtht .s,~,,., ""'l ... '" 
$ul:;,,.rc<io::f I,(' d.c·•i11tcJ It) r\111 $t,1~,io. Tbi1 ~s ltt"\ltl;'l l,y 
Luchi.ancJ 1'11ul(..ahyO,<i<>7'). 

17. ~-.,itt C'f .)f, tt(l.()7) fiAd.1 tisoifl01tl g.tnt1i< $IOl(tl.lr< 
wlthln l~t Xl111l1diis vlgitir<<>mp,le:-:. ~n>n¢ffliC ltttllOM nuy 
o«vr m 1hc nur fauuT "'l'i1hin ibis d:adc:. 

1&. \Vood c-1 al. ~2:008! d1•tdtd the- rosy boirS fl'IIO (V,O spcm·s. 
ltiliti•11r.s ~,,,mi;iind l. m\•i,gc,1a The-it mit«hl)l'tJri;iil d.a.1~ 
indinte-1h.-1 L o♦vi'.~1, i-s: prtunl in~xtttme-w.ithtm 
C•lifornia. thouG,h nn,,e1 uapubluh.ed nucle-.m:bt:11 $ti~ that 
lb.f spt"Cits bruk l<tv.lJl)'o«\1'6 f;mhu &«1th. in lija 
Califotnia. M~ico (D. Wood. pets. comm.,. 

19. Feldman and Spicer 12:006) and Foru;iintlb 11:1 a.I. {2.00$) 
findtvidtnot for lint-lSt5 1hu->rt-001,conomhn1wt1h 

USFWS' COFW' JUCN' USFS' 

SSC V 

,. T V 

p,-t,..Jl.'lUsly die-s:c,tbtd sl.lblipe--<ieos bourid.ui;ts. \tlewlkr-- tlt;" 
lice.o,t dtsiJn.i.lion~ from tht- lmu Sh.Id)· 

zo. ~C1u.18ui11 c:t,4.~ irt.::twlu2nlrn:.ts roitrtttlt 
suigcN k> Oiodopf!it punttalt1lft3A1lu. Tltt ~SC tu.nu ttftl't 
oul1 to p<,>pub,lu;>t1t o«uuifl~il f.lol.a t<"d cks:crt 1prinp in 
Soulhtotn C.aliforni.:.. 

u Mououln Urtg:tttdt t.u.ortt1n,~ I~ 10 flu< ttO<lrlgwe.:, 
lo~i!'t.tl t•!>99h) tt(Utt lht fo1mtrf1 f("r(Ogni?~ $\lb$pt<'K"$ 

•nd find 01~nce for foyr dli11n<1 llnugo. M)·to.<1-ll, 1:..c.t}) 
t'1nd <vid'cnt:e (rr;ir ~•pcctn (the- unng.cmcnt th.it tt fg)\ow 
hc-r<:'). ltl"',t"t0,Prlt♦J"'.,,f14fo:¥iul111 o;i,nuins th.c- formC"f sou1hut1 
1,.\lhlp«lt-S f1At11p~1i:.zo11ow,cm4r•!rtt.tnd(. l.P"'k'-tD Tht 
.:'<6Ntt'f':Ul.).n .tC:Uuf; !lpflltN lb 1tlirit l""6CubspKift 

n. N-lgfti .al. (lOO,IJ prap,)U «4'¥1bining Mestittp,'li, into 
th<" g,cn._.. <°<'lt,t,,,. 

13 Sou01Cl'n popu~ttcnn:ofthis<i:ubtp('(.i,cs tail)" rtprcsiicnl a 
di$1in<C uxon ;iindlf<'<NU<"ndy node, :s.tudt(C. M,htdt. pets. 
(c,.i'l'u"l't .. E. Ef"'l1n. ptfS, C<:imm.,. 

14. SSC.&1-lOJS apphn ioonlylht ~whtm por1ionof1be 
uc,:c. 

2.s. Ad.alstcins:son,1.al 12:009, pwpo,e,pl,<tna:Oliic;,roi.l 
L~;io,yplf.fopJ iit dWjf!IJl)S R,,-o. 

2.6. Solnw.tulhofs ltf.lt lht subspt<"iU .,rc;,.io1., Mptn.uu,~ 
dis1inct.1pe-cit&. 

17. Someau1Mn pbct the We:ttfm ~nd H:Utlo 11\th~ 
moM11pi< aenu, ANi•tl'll'f1.Spink.t<11\.1101,0 rccommnd. 
t!f ..... linsbol:h pond tu,tl~ S\lbept(~S lo $p('tt-C"$ J(U~i. 



APPENDIX2 

Public Comment Announcement 

We solicited public comment on this project by post­
ing the announcement on the right on the websites 
of the following organizations: California Depart· 
ment of Fish and Wildlife, Center for North Ameri• 
can Herpetology, faological Society of America 
(ECOLOG-L). r.1rtners in Amphibian .1nd Reptile 
Conservation, and The Wildlife Sodety. In addition, 
we circulan:d the announcement widely to col­
leagues via email. Following the public t.umment 
period, we also contacted experts 011 each taxon 
under considera1ion to request advice. data, and 
reviews of early drafts of this document. 

Californi<1 ·s lisl of Amphibian and Replik Species of 
Sptcial Conam (ARSSCJ is a critical component oflhe 
m<1nagemen1 and protection of <1mphibians and reptiles 
itl the stau. The CtH-rent Calijornia ARSSC list is 
1111dergoing a complete revision to better re.fleet thore 
taxa that require some measure of conservation lo stabi­
lize populations and avcid future lilting 1mdu the C11li­
fornia Endangered Species Act. To date, the ARSSC 
revision team has developed a set of risk metrics, com­
putd a list of nominee taxa, and cvmpleced a prelimi• 
nary risk assessmmt Jor each nominee based on litera­
t1m, reviews a11d lcc<1li1y informt1tio11. Now. we need 
}'Ollr help to make mrt tluit we havt tM most acturale 
mid ccmplete list possible of SSC for poiential inclusion 
in the final list. The best lis1 will require inpul from as 
111a11y knowledgeable biologi:-.t.~ a~ po.!$ible. lf you have 
dam, well-doc:11me111ed jieJd experience, or unpublished 
observations that are relt1'11nl to California's amphibi11n 
and rtptilefarma, 1ve invite yot< to sh,m: them wilh us. 

Further details. risk asstssmen1s. <md instructions for 
submitting fee.iback are available at hllp://arssc 
.ucdavis.edu. The public comm1mt peri"d clcses Augusl 
31st. 2009. 

Bob Tltomson 
Amber Wright 
Brad Sh,iffer 

Center for Population Biology 
Univusity r>f California 
Davis, CA 95616 



APPENDIX 3 

Watch List 

The watch list comprises. taxa that were previously, 
but are no longer, considered Species of Special Con• 
cern. Htc>re we include an explanation for each taxon ·s 
change in status and discuss future conservation 
concerns regarding Watch List taxa. 

California tiger salamander 

(Ambystoma califomiense) 

Jennings and Hayes (1994a) identified this species 
as the highest-concern vernal pool-breeding amphib­
ian in the state. In keeping with this assessment and 
recent research documenting its decline range-wide, 
A. californiense was listed under the California 
Endangered Species Act as a Threatened species in 
2.oto, superseding Species of Special Concern sta­
tus. See Bolster (2010) for the CDFW's recent status 
review. Th.e species was also listed under the federal 
Endangered Species Act in zooo (Santa Barbara; 
Endangered), 2003 (Sonoma; Endangered), and 
2.004 (Central: Threatened), as three separate Dis­
tinct Population Segments. Recent multi• locus phy­
logeographic work indicates that the Central Distinct 
Population Segment is composed of two separate 
lineages from the Inner Coast Range and Central 
Valley and that these may be best considered as sepa­
rate units with different management needs 
lf. Johnson and B. Shaffer. unpublished data). 

Orange-throated whiptail 

(Aspidom:lis hj•perythra) 

This taxon was included by Jennings and Hayes 
(1994a) primarily because of habitat loss within its 

relatively narrow range. We place it on the Watch List 
benuse. thus far. it appears to tolerate habitat f'rag. 
mentalion better than many similarly distributed 
tar.a, including the red diamond rattlesnake (Crotalus 
ruber), coast patch-nosed snake (Salvadoro l1exaltpis 
virgultea), and California glossy snake (Arizona ele­
guns o"identalis), all of which have experienced more 
severe declines: and it remains relatively common in 
many areas throughout its range. Jt is possible that 
further developmeut and habitat fragmentation could 
cause more severe declines, so this taxon should be 
periodically reevaluated. 

Baja California rat snake 

(9ogertophis rornliae) 

Jennings and Hayes (t994al included the 8. roscl!i~ 
primarily as a p~caution. 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 ever been recorded). In the intervening 
time, no additional specimens have been reported, 
and no new information has bewme available for this 
species. If this species is found to be a native compo­
nent of the California fauna, the conservation status 
should be reevaluited when more is known about the 
populations and habitat of the snake in California. 

Yellow-blotched ensatina 

(Ensaiina eschschollzii croceater) 

Jennings and Hayes {r994a) induded this taxon pri­
marily over concerns about land use changes within 



its small range. We shared several of these concerns. 
although the severity of these threats appears to have 
decreased since 1994. As long as the planned pre;er• 
vation areas at Tejon Ranch remain in effect, a large 
amount of E. e. croceaier habitat will remain pro• 
tected, so designation as a Species of Special Con• 
cern may not be necessary. We include E. ~- croceuter 

on the W.itch List to encourage reevaluation of habi­
tat availability for this taxon in the future. 

large-blotched ensatina 

(Ensatina eschscholtzii klauberi) 

Jennings and Hayes (1994a) included this taxou pri• 
marily over concerns about ongoing development 
within its range. We agree th3t development has had, 
and is continuing to have, an impact on this species. 
although the severity of these impact~ appears to be 
significantly less than those being experienced by 
other taxa with similar ranges. Further, the large• 
blotched Ensatina appears to be commonly found 
with stable populations throughout significant areas 
of its range-, including protected par.Hands. If the 
extent of development increases within this salaman­
der's range. it may become necessazy to reconsider 
special concern status and more active management. 

Mount Lyell web-toed salamander 

(Hydrom,mtes platycephoJus) 

This ta~on was included by Jennings and H~yes 
(1994a) as a precaution, based on its patchy distribu· 
tion and suspected susceptibility to local e>:tirpa• 
lions. We do not include H. pfotycephalus at this time 
because, although it is patchily distributed, the spe• 
des appears to be stable throughout most of its range 
and is not experiencing appreciable risk from habitat 
disturbance {Wake and Papenfuss 2005). Additional 
populations have been found since the early 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 ecologkal 
speci3list, this species does not appear lo be cur­
rently at risk of immediate decline (Wake and Papen• 
fuss 2005). 

Owens Valley web-toed salamander 

(Hydromanies platycephaltis) 

The Owens' Valley populations of H. platycephalus 
were included by Jennings and Hayes (1994a) as a 
precaution, both because little was known about the 
population biology of this elusive salamander and 
because it was strongly suspected that it was a dis­
tinct taxon. Research completed since 1994 suggests 
that these populations do not form a distinct lineage 

but instead are part of the more broadly distributed 
H. plat}'cephalus lineage (Rovito 2010). As with H. 
pl11ty<;ep/u1lus. additional localities have been found 
and populations appear to be stable, leading us to 
conclude that Species of Special Concern designa­
tion is not required at the present time (Wake and 
Papenfuss 2005). 

Southern California mountain kingsnakes 

{Lompropeltis zonoto pawirubra and I.. z. pulchra) 

The two southern California subspecies 1. z. parvi• 
rubro and L. z. pulcliro were considered Species of 
Special Concern by Jennings and Hayes (1994a) on 
the l>asis of suspected declines d11e oo illegal collect­
ing and habitat destruction from some collectors. We 
agree th.at this has occurred. although the current 
scale of exploitation does not appear to threaten this 
species' long-term survival. We placed the species on 
the Watch T.ist in recognition that collection pressure 
and/or habitat destruction c.ould cause the need to 
provide additional protections in the future. 

Santa Cruz Island gopher snake 

(Pituophis catenifer pumifis) 

Jennings and Hayes (1994a) induded this taxon pri­
marily because of its small range {1t 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 
removed from the largest part of the range, Santa 
Cruz Island (USN PS 2010). This island is also well 
protected from future development because it is a 
national park. 

Coronado skink 

(Plesliodon skil1onianus interporietolis} 

Jennings and Hayes (1994a) included P. s. interpari. 
etalis primarily because it has a relatively restricted 
range and has disappened from some areas. As with 
Aspidosc&lis hyperythra, we agree that some declines 
have occurred, although their severity appears to be 
modest. If these dee.lines continue, further protec• 
tions may be wauanted in the future. 

Del Norte salamander 

(Plethodon elongatus) 

Jennings and Hayes (r994a) included the Del Norte 
salamander becaus<:: 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 fur two 



close relatives of P. elongii111s, the Stoll Bar salaman• 
der {Pltcliodon asupalt) and Siskiyou Mountains sala­
mander jP. slormi). population status across most of 
the range of this taxon appears to be stable. Inland 
populations are patchy and likely more vulnerable to 
habitat degradation, which is why we place this taxon 
on our Watch List {H. Welsh. pers. comm.). 

Mountain yellow-legged frogs 

{Rona muscosa and R. sierrae) 

Mountain yellow-legged frogs were designated as 
Species of Special Concern by Jennings and Hayes 
{1994a) under the name R. muscos". Vredenburg et 
al. (.2007) divided R. rnimorn tsensu Jato) into two 
species on the basis of morphometric measure­
ments, differences in advertisement call, anJ mito• 
chondrial DNA: the Sierra Madre yellow-legged frog 
(R. muscos"I in the south and the Sierra Nevada yel• 
low-legged frog (R. sierrae) in the north. Both species 
were state listed in iol}, superseding Species ofSpe• 
cial Concern status. See Bonham and Lockhart 
(2011) for the CDP\V's recent status review of these 
taxa. 
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APPENDIX4 

Additional Taxa in Need of Research and 
Monitoring 

We identified the following taKa that did not qualify 
for Species of Special Concern status but nonethe• 
less would benefit from some level of additional 
research and/or monitoring. We provide a brief 
description of om concerns for each of these taxa 
below. 

Orange•throated whiptail 

(Aspidoscefis hyperyihro) 

Aspidoscdis hyperythm occurs in California in a rela• 
lively narrow region of southern California. Much of 
its available habit3t has been destroyed or is threat­
ened by ongoing urbanization and development. 
Further, many of the areas where habitat penists 
have become fragmented by development in inter• 
vening areas. The taxon remains locally common in 
several areas, although this should be 1eevaluated 
periodically. Further habitat modification could lead 
to more declines that warrant additional protections. 
Additional threats may arise from increasing inten. 
sity and/or frequency of wildfire in the region. 

San Gabriel Mountains slender salamander 

(Batrachoseps galnieli) 

Batrackoseps gabrieli occurs in a small area in Los 
Angeles and S.in Bernardino Counties !Stebbins 
2003 l. Very few localities are known for this taxon. 
and its range is probably not fully characterized 
(Goodman et al. 1998, Hansen et al. 2005d). The 
salamander appears to be limited to talus slopes in 
the vicinity of oak, big cone spruce, and pine (Wake 
1996, Goodman et al. 1998). It exhibits limited sur-

face activity and appears to specialize on an environ• 
ment that is unlikely to be developed. This species' 
known range lies within the boundaries of the Ange• 
les anc.l San Bernardino National Forests and appears 
to be well protected at the present time. However. 
other narrowly distributed species of Batrachoseps 
have undergone large and unexplained declines, and 
it is possible that similar decline-s could occur for 
this specie~ (Jennings and Hayes 1994a). !'or thi~ 
reason. periodic monitoring and reevaluation of sta• 
tus of B. ga&rieli is warranted. 

Baja California rat snake 

( 8ogeriopnis rosaliae) 

Bogerlophis rosaiiue is known only from a single road• 
killed specimen in California along Interstate 8 
(specimen SDNHM 644161. 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 regular, infrequently encountered 
component of the California reptile fauna. If a popu• 
lation does exist in California, ongoing development 
along tl1e border 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. 
Jf so. the Ca!iforni~ pop\tlations could be susceptible 
to stochastic effects associated with small popula­
tions, as well as habitat loss from development. In 
some areas this species appeaTS to be associated with 
palm oases, which are uncommon habitat patches. 
so any degradation of this habitat may have severe 
impacts 011 the taxon. 



!fthis species is native to California. it appeats to 
be enconnteced exceedingly rarely and is never 
reported. Given this complete uncertainty <oncem• 
ing its status and validity as a native element of the 
California fauna. we place this taxon on the Watch 
List, primarily to highlight research needs. Surveys 
for this taxon should be entouraged, although in the 
absence of additional data. specimen collection 
should be strictly limited to only what is needed to 
learn more about its natural history and status 
within the state. However, we emphasize that tissue 
samples might help determine if any California 
specimens are native or introduced. 

Yellow-blotched ensatina 

(fnsati11a eschscholezii croceattr) 

En,sati,ia eschscholtzii ,rc,"<•ttr occuu in a relatively 
small area of Kem and Ventura Counties in south• 
em California. Some localized populations may have 
undergone declines or extirpations due to develop· 
ment. although data on this ate scarce. Workers have 
expressed conterns about land use practices and 
development in the Tehachapi Mountains, Bear Val­
ley. Cummings Valley, and Tejon Ranch, particularly 
in areas of oak woodlands (pers. comm. in Jennings 
and Hayes 1994al. One of the main concerns for 1his 
taxon was that a large fraction of its range occurs on 
property owned by the Tejon Ranch Company, the 
largest contiguous private landholding in California, 
and that this land would be developed in a way that 
was incompatible with the salamander's survival. 
Since the previous evaluation. a large fraction of 
Tejon Ranch has been set aside for preservation­
areas in which grazing. but not developmt>nt. may 
continue (Tejon Ranch Conservancy 2003). In addi­
tion.. many populations occur on National Forest and 
other public lands that are unlikely to experience 
intense habitat modification. The availability of suit• 
able habitat should be monitored periodically. and 
habitat modification within its very restricted range 
should be avoided. 

Southern California mountain kingsnake 

(lampropeltis z-onata "Southern Clade" or 
L. multifascioto) 

The southern clade of L. zonatl' indudes the for• 
merly recognized subspecies L. z. pukhra and L. z. 
parviru&ra (Rodriguez-Robles et al. 1999b), and has 
more recently been r<:<ognized at the species level as 
L. multifasciata (Myers et al. 2.013). This snake spe• 
cializes on rocky outcrop habitats occurring primal• 
ily in a variety of woodLtnd and chaparral habitat~ 
from sea level to nearly 3000 m (Stebbins 2003). lt is 
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a popular species among herpetoculturists and <ol­
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 rocks. which can degrade 
the quality of site~ for a long period oftime, although 
the species exhibits a relatively narrow window of 
surface activity, and much of its habitat may be rela­
tively inaccessible to collectors. Staub and Mulks 
(2009) surveyed the Mount Laguna region, San 
Diego County. from 2006 to 2008 and found that 
75% of all 1ock piles surveyed had some 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 ongoing col­
lecting could harm this species. Managers should be 
wary of signs of habitat destruction, stemming from 
either collectors or other sources. patticularly in 
areas that experience heavy human traffic such as 
Mount Laguna. If surveys demonstrate that these 
collecting :activities are depleting populations, fur• 
ther management and enforcement of existing col­
lecting prohibitions may be needed. 

Del Norte salamander 

(P/ethodon elongatus) 

PlethQdon tlo11gulus 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 m~y 
be increasingly impacted by timber hacvest in the 
coming years (Welsh and Lind t995: H. Welsh. pers. 
comm.}. Prior to :1002. this species was managed 
under the Northwest Forest Plan (Welsh and Bury 
:i.005. Survey and manage program zoio). These 
protections have now been removed, although much 
of the habitat that supports lhis taxon remains pro­
tected under the Plan (Northwest Forest Plan 1994). 
Monitoring efforts should focus on the impact of 
timber harvest on this spe<:ies· ability to persist. par• 
tic\1larly at inland sites. 

Western black-headed snake 

(T'1ntill'1 planiceps) 

The natural history of T. pla11iceps is poorly under­
stood in California. We have almost no information 
concerning this species' natural history, habitat 
requirements, or population densities. The snake 
seems to be patchily distributed and rnrely seen, 
making the detection of population declines or e:<tir­
pations difficult. In addition, much of its range 
occurs in areas that have experienced heavy develop­
ment and habitat modification. Some workers have 



suggested that changing wildfire regimes in south• 
em California could be having a negative impact on 
this spedes; however, relevant data are very sparse. 
An important priority for this taxon is an increased 
research effort focused on distribution and habitat 
surveys so that its ecological requirements and popu• 
lation dynamics can be better characterized. As 
populations ate discovered, tissue samples should be 
collected for molecular analyses of the degree ofiso• 
lation and differentiation of these apparently dis• 
junct populations. 

Baja California night lizard 

(Xontusia wigginsi) 

Xant11sia wigginsi was not known to be a part of the 
California lizard fauna until recent genetic stodics 
established its p1esen<.e in extreme southern Califor• 
nia (Leavitt et. al. 2007). Virtually nothing is known 
about this taxon's range. life history, habitat require• 
ments. or conservation status within California. 
Further research on this species is needed before 
assessments of its conservation status and manage· 
ment needs can be made. 
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GLOSSARY 

ADPRESSEO LIMBS Position of the limbs such that 
the forelimbs are pressed backwards against the 
trunk of the animal. and the hind limbs aze 

pressed forward against the trunk. The distance 
between adpressed limbs. a character which 
measures the relative limb length with respect to 
the trunk length. is usually best measured in 
preserved specimens, since the limbs may be 
damaged in living animals. 

ALLOPATR1C Occurring in separate areas; refeTs to 
species ranges that do not overlap 

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

AMPLExus Mating behavior in many aquatic 
anurans and some salamanders in which tile 
male grasps the female with the front legs. 

eo 8atrac/1ochytriu111 dendrobatidis. A pathogenic 
fungus that causes the disease chytridiomycosis 
in many amphibians. 

CARA PAC~ The dorsal half of a tmtle shell. 

cosTAL cRoovEs Lateral indent.ations along the 
trunk of many salamanders. 

,:1um:AL THEltMAL MAXI MVM The remperature 
above which a given species ceases to be able to 
maintain normal body function. Extended 
temperatu1es above this point generally lead to 
death. 

CRITICAL THERMAL MINIMUM The temperature 
below which a given species ceases to be able to 
maintain normal body function. Extended 
temperatures below this point generally lead to 
death. 

CRYPTIC TAXA Evolutionarily distinct lineages that 
are morphologically conserved and a,e difficult to 

distinguish from one another on the basis of 
motphology alone. 

01APAVst A delay in the life cycle of an organism. 
often occurring in response to adverse 
environmental conditions. 

ooASOLATERAL FOLOS Ridges of the skin thatiun 
along either side of the back in many frogs. 

EXTANT A taxon that is still in existence, opposite of 
extinct. 

H 10ERNA,:v LVM A place usc<l by one or more 
individuals to hibernate or undergo a period of 
dorman<:y. Freqtiently used to refer to area~ th3t 
house many hibernating individuals of the same 
species, especially sites that are used repeatedly 
over many years. The plural is hibernacula. 

1NTRoc: REss10N Transfer of genetic molecules 
from one species to another. In our usage, this 
most commonly refers to the tr.tnsfer of the 
mitochondrial genome among species due to 
hybridization. 

,soLAnoN ev 01sTANCE The genetic signature that 
tends to 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 diffecentiation across the 
landscape. 

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

LATE·SERAL Used to describe forests that are in a 
larer stage of succession. 'Typified by the presence 
of large. old (>100 years) trees in the overstory. 

MICROSATELLIT£ Short repetitive regions in the 
DNA that often exhibit a large amount of 
variation due to the very high rate of mutation in 
these regions of the genome. Frequently 
employed to measure population genetic variation 
within species. because their high mutation rate 
allows them to track changes in gene flow and 
population size quickly. 

mt DNA An abbreviation for mitochondrial DNA, 

the separate chromosome found in the 
mitochondria of all plants and animals. Until 
recently, it has been the standard molecule of 
choice for most systematic, population genetic, 
and phylogcographic research. 

NASOLABIAl cRooves Characteristk grooves that 
run from each naris {external no~tril) down to 
the upper lip in plethodontid salamanders. 

NUCHIIL Relating to or lying in the region oflhc 
nape. 

ocELLVS An eye-like spot. 

ov1 PA ROUS A mode of reproduction in which 
embryos develop inside of eggs. 

ovov1v1PARous A mode of ~production in 
which embryos develop inside of eggs which 
arc retained in the mother's body until 
hatching. 

PAEDOMOR PHOStS The retention of larval traits 
into adulthood. In ambystomatid and 
dicamptodontid salamanders, it is also used to 
refer to reproduction in the larval condition. 

PARAPHYLETIC A group ofta><a, all descending from 
of a common ancestor. that does not contain all 
descendants of that ancestor. For examples. 
"reptiles· as traditionally defined are paraphyletic 
because they do not contain birds as a contained 
taxon. 

PARAT010 <;;LAN OS External skin glands that lie 
along the back of the head or neck region and are 
prominent in most toads and several species of 
salamander. 

PCA Principle component analysis. A multivariate 
ordination approach that reduced the variabili1y 
among large sets of measured variables down to a 
(usually) smaller number of independent 
(orthogonal! variables. 

P1T 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. 

PtAsnoN The ventral part of a turtle shell. 

•oLYTYPIC Having several morphological forms. 
These may or may not correspond to e~olutionary 
lineages. 

Poiic, TVPE LARVAE Salamander larvae that develop 
in ponds are characterized by having relatively 
large long fins associated with a relatively strong 
swimming ability. 

scuu An enlarged scale, such as those on a turtle 
shell. 

scl Straight <:arapacc length. The distance from 
the anterior to the posterior end of the carapace 
tal'-en along the mid line and measured as a 
straight distance (i.e., not measuring along the 
curvature of the shell 1. A standard way of 
measuring body length in turtles. 

SN P Single nucleotide polymorphism. A 
homologous nucleotide position in a DNA 
sequence that is variable among conspedfic 
individuals. SN Ps are increasingly used instead 
ofallozymes, microsatellites. and mtDNA for 
population genetic and species delimitalion 
studies. 

$TR€AM TYPE lARVAE Salamander larvae that 
develop in streams are typically smaller than 
pond type larvae and have smaller tail fins. 
Behaviorally. they tend not to swim in the open 
water and instead remain near the substrate. 

SVl Snout to vent length. The distance from the lip 
of the snout to the anterior edge of the cloaca. A 
standard way of measuring length in many 
amphibians and reptiles. 

TL Total length. The distance from the tip of the 
snout to the end of the tail. 

VIVIPAROUS A mode of ceproduction in which 
females give birth to live young that are not 
retained in shelled eggs (<."Ompare with 
ovoviviparous). 
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management of. 196 
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lhreats faced by. 195 
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Baja California Peninsula. 300 
Baja C11ifornia rat snake. See Bogtrtop/1is ros11li11e 
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aquatic mio-ohabitats of, 159 
distinctiveness of, 158 
distribution of. 157(1111. 159 
effects of climate change <1n, 159-60 
habitat degradation from road construction, 159 
habitat requirements for, 159 
identification oL 156-58 
life history of, 158-59 
management of, 160 

mitochondrial DNA analysis, 158 
monitoring, research, and survey needs. 160 
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trends in abundance, 159 
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ta ,:onomy of, 66 
threats la(ed by. 68 
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disease outbreaks, 73, 75 
distribution of. 70 (m}. 7Z--'J3 
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habitat modification. impact of. 74 
habitat requirements, 7z 
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insect food supply for, 74 
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livestock grazing. influen<:e of. 74 
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protection from predation. 72 
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Plan, 40 

California Climate Action Team, 44 
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California Department of Fish and Wildlife {CDFW), 

4. 6.19 
Biogeographic Information and Observation 
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California Endangered Species Act. 4- 6. 8. 14. 19. 33, 
231,368 

California Environmental Qt1ality .<\ct. S, 36 
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California giant salamander. See Dicaniptodori msalus 
California glossy snake. See Ari%011i2 tltgatts <>ecidemalis 
California kangaroo ial. See Dip<'Mmf$ ~aliforni,us 
California legless lizard. See Anl\ielfo puJch,a 
California Natural Community Conservation 

Plmning. 41 

California Natural Diversity Database, 5, 13, 15, 33, :u6 
Calif•nnia red-legged frog. See Rana ilror1011ii 
California tiger salamander. See Am&ysloma ca1ifomiense 
California Wildlife Habi1at Relationships. 16-17 
cannibalism, 86.133. 163. 183 
carbon ~missions. 11, 44 
Carron River. 300 

Cascades frog. See Ra11a i:oscadat 
Christmas Bird Counts. 47 
chytrid fungus. See lla1rachochytri11m dtttdrobatidis 
chytriJiomycosis, 7J, 91,122 

citizen science, 47 
climate change 

conservation risk due to, 39 
impacts 01: 44-4s. 302 

vulnerability lo, 11, 11 (ti 
CoachelL-i Valley, 229 

Multiple Species I labitat Conservation Plan, 2p 

coastal tailed frog. See Ast11pl,us truci 
coastal whiptai!. See Aspidos,elis tigrisstejnegeri 
coast homed li1.ard. See f'l1r1•nosoma bl11i1111illii 
coast patch-nosed snake. See Sa/t,adora hexaltpis 

virgulua 
co.a st range newt. See Taridta 101~a 

Coleonyx varitgatus abbi,W. 197-201.197(£) 
distinctiveness or. 199 
distnbulion of. 198(m), 199-200 
habitat dcgr1dation. 2.00 

habitat requirements, 199 
identification of. 197-99 
impact of 

artificial night lighting. 200 

climate change. 200 

development and agriculture. 200 

life history of, 199 
management of. 200 

moniloring. research. and survey needs. 2.00 - 201 

nuclear DNA marker~. 199 
pitfall trapping. 199. 201 

as Priority 3 Species of Special Concern. 197 
reproductive activity. 199 
risk fa(tors. 197(11 
status ol: 197,200 

surfare activity, 199 
ta>:onomy of, 199 
threats faced by, 200 

trends in abundance, 200 

Colorado De~ert, }5 

Colorado Desert fringe-toe<! lizard. Sec Uma iiolala 
Colorado River, 307,308 



common garter snake. See Thmnnop/1is sirtalis 
common musk turtle. See SJernolherusodoralus 
Cope's leopard lizard. See Gambelia copeii 
Coronado skink. See Ples1iQdo11 slcilk>~i<lHUS intuparieialis 
Couch's spadefoot. See Scap/1iopus ,oudiii 
counlies and islands. of California. 5o(ml 
Crolalusrubtr, 2.60-6s, 26o(f}. 368 

climate change. impact of, 264 
coloration and behavior. 260 
courtship and outing, 262 

denning behavior. 2.62. 

distribulion of. 1.61(ml, 263-64 
gestation period. 262. 

habitat requirements. 263 
identification of. 2.60 

life history of. 262.-63 
management of. 264 
monitoring. resear<h. and survey needs, 264-65 
neonates of. 260 
pilfall trapping. 265 

prey of. 263 
as Priorily 3 Species of Special Concern, 2.60 

radio Ira.eking of. 262 
reproductive activity. 2.62 

risk factors. 260(1) 
se~ual maturity, 263 

status of, 260. 264 
1axonomy of, :1.62 
lhreats faced by, 264 
1rends in abundance, 264 

Dale D1y Lake, San Bernardino County, 242 
Daphnia magna, 45 
DDT pesticide. 116 
Death Val~y. Inyo County. 269 
Del Norte salamander. See Ple1l1odon ekmgatu.s 
desert glossy snake. See Ari.to1111 elegansehurn,ua 
desert mule deer. See Odocoileus liemionutcrooki 
Oiadophis puncla!us ,egalis, i66-70. 2.66(f) 

breeding activities and egg laying, 2.68 
climate changes, impact of. 269 
dennil1g activities, 268 

distribution of. 267(m). 269 
habilal requirements. 269 
i~ntification of, 266 

life history of. 2.68-69 
management of, 269-70 
mitochondrial DNA. 268 

moniloring, research, and survey needs. 270 
prey of, 269 
reproductive ac1ivi1y. 268 
risk factors. 2.66(11 
risk of exlirpalion, 269 
status n( 266. 269 
taxonomy 1>f. 268 
threats faced by, 269 

•~nds in abundance, 269 
Dicamp1-0do11 ensalus. 161-65. 161(f) 

breeding activity and egg laying, 163 
breeding and larval developmenl, 163 
breeding season. 163 
cannibalism behavior, 163 
distinctiveness of. 163 
distribulion 1>f. 162(m). rG3-64 
effects of 

climate change, 164 
wildfire. 164 

fragmentation of1iparia11 habital, 164 
genetic markers, 163 

habitat cequirements for, 163 
identification of. 161-63 

larvae of. 163 
habilat of. 163 

in slow-moving wate,. 163 
life hislory of. 163 
management of. 165 
monitoring. re~earch. and survey needs. 16~ 
mortality and habitat degradation, 164 
paedomorphusis. prevalenci:of. 163 
pitfall lrapping. 165 
as Priority 3 Species of Special Concern, 161, 164 
risk factors. 1G1(tl 
status of. 161, 164 
taxonomy of, 163 
thre.:)ts faced by, 164 
trends in abundance, 164 

Dipodot11ys colifornicus, .t 21 

disease transmission, 42. 45 
in Bufo ,anoru.~, 73. 7S 

DNA sequencing, 110, 154, 2.~2. i.n 

East Bay Regional l>a1k District, 103 

Elgaria panamintina. 202- 6, 20.2.tf) 

dis1ribution of. 203tm), 205 

habitat requirements. 205 

identifkation of, ::i.0:1.-.i 

life history of, 204-5 

managemenl of. 2.05-6 
monitozing, reseaJCh. and survey needs, 206 

predators of . .205 

as Priorily 3 Species of Special Concern. 202 

rcprodur.:tive activity . .204 

risk factors. 202(1) 

status of, 202. 205 

1axo11omy of. zo4 
lhermal tolerances, 204 
threa1s far.:ed by, 205 
lrends in abundance, 205 

El Nino cycles. 68 
Emys mormonlla. 296- 303, 296(£) 

clutd1 sizes. 299 
diet. 2.99 



distribution of. 297(m). 300-301 
growth rates of. 199 
habitat lo~s of. 301 
habitat re<juirements of. 299. 300,303 
h~tchlings o( 299 
human-modified habitats, impact of. 303 
identification of, 298 
introdu,ed species. impact of, 308 
life history of, 2.99 
management recommendations, }02.-3 
mating season. 299 
melanistk. 298 
monitoring, researd1. and survey needs. 303 
mo~ment to overwintering sites, :1.99 
nest sites, 299. 303 
population sizes, 301 
predators of, 302, 303 
reproductive maturity, :1.99-300 
risk factors, 2.98(tl 
status. 298. 302 
taxonomy. 298-99 
threats faced by, 301-2 
trends in .abundance. 301 

endemic and near endemic species, 33 (t) 
fosa1i110 cschscholizii r.roceo1er. 368-69, 37 2 

environmental contamination, 73, 97-98, 110, 140 
environ mental impact assessment, 36 

Fallen Leaf Lake. 109 
Federal Endangered Species Act, 8. 244 
fishbait ind11stry. 109 
llal-lailed horned lizard. See Phrynosoma mcallii 
Flat,tailed Homed Lizard lnteragency Coordinating 

Commillee. 229. 231-32 
foothill yellow•legged frog. See Rana boylii 
forest ecosystems. 11 

Gambelia copeii. 207-11. 207(.1) 
breeding se~son. 209 
distribution of. 208(m), 210 
gene flow and hyb1idizatio11, 209 
habitat loss due to development. 210 
habitat requirements. 209-10 
hibernation, 2.09 
identification of, 2.07-9 
life history of, 209 
management of. 210 
monitoring. research. and survey needs, 211 

risk factors. 207(1) 
sexual size dimorphism, 209 
as S~cies of Sped.ii Concern. 207 
status of. 2.07, 210 

ta~-onomy of. 209 

threats faced by, 210 
trends in abundance. 210 

gene Aow. isolation•by,distance model of, 95 
generalist predator, 44 
Gila monster. Sec Helo1lerrn11 su.spcctum 
glyphosare. 110 

granite night lizard. See Xa11t11sia liemhawi 

Great Basin and Sonoran ecoregions. 35 
Greenhorn Mountains. 158-59 

Habital Conservalion Plans ( HCP). 5. 31 
habitat corridors, 41-42, 58, 185, 196, 2.01. zu, 231, 245, 

2.~3. 2G4 
habitat fragmentation. 31. 35. 41. 195- 96. 2.33 . .1.43- 44. 

282-83.368 
habitat loss and degradation. 34. 81. 171. 184. 189. 2.53 
habitat quali1y for species. determinants of. 2.31 
habitat restoration, 68. 92. 98 99.108. no. 135. 150, 

190, 196, 2)1, 2.44, 290, 294 95, 303 
Havasu National Wildlife Refoge. )08 
headstarting programs, 43,303, )08 
Hdoderma l,orridum, 214 
Heloderm11 susptclum, :212-17. 212(£) 

daily activity pattern, 215 
diet of, :215 
distribution of. 213(m). 215- 16 
foraging behavior. 215 
habitit requirements, 215 

homing ability, 215 
id,mtification of. 214 
life history of. 214- 15 
mak--rnalc combat, 215 
management of. 216 
monitoring. research. and survey needs. 216-17 
nocturnal ictivi1y. 215 
reproductive activity. 2.15 
riparian or xeroriparian habitat, 215 

risk factors, 214 (1) 
sexual maturily, 215 
as Species of Special Concern, 214 

stat\lS of, 214. 216 
subspecies of, 214 
taxonomy oC. 214 
threats faced by, 216 

mmds in abundance. 216 
venom, use of. :1.15 

hM~tofauna, 42, 259 
hibernation 

of Amb)•stoma mam,dactylum sigillaturn, 138 
of Bufo ,anorus, 75 
of Gambtlia copcii, 209 
of Kino,;~rnim suno,iense, 306 
of Phrynosoma meal/ii, 2.27 
of Rana prttiosa. 114 

Humboldt Bay National Wildlife Refuge. 79 
Humboldt Cnunty General Plan, 81, 171 
Hydromuntes plu1yceph11lus. 39. 369 



Im perial Valley. 62 
introduced species, impact of, 4. 83.104, 133. 183-84. 

190. 232. 301-2.. 308 
inv4sive species, 36, 40, 89, 134. 184-85, JOJ 
Inyo Mountains salamander. See Balracl1osepscampi 

K~thleen, Hurricane, 12,2, 

Kawcah RiVl'r, 18:i 

Kern River Canyon, 1~8-59 
Kinos!er11011 ro,.o,iense, 304-9, 304 (I) 

clutch sizes, 306 

decline of. 308 
diet of, 306 
distribution of. 305(m), 307 
feeding habits of. 306 
habitat loss of, 309 
habitat requirements, 306-7 
headstarting program, 308 
hibernation of. 306 
identification of. 304-6 
life history of. 306 
management recommendations. 308 
monitoring, research, and survey needs, 308-9 
population densities. 306 
reproductive maturity, 306 
risk factQis. 304tt) 
status of. 304. 308 
t~xonomy 0£: 306 
terresttial movements. 306 
threats faced by, 30& 
trends in abundance, 307- 8 

Klamatn- Sisl:iyou b\oregion, 139 
Klauber, L.M., 68 

Laguna Dam, 308 
Lamproptllis multifosciata. 372 
Lnmpropel1iszo,.11111 p11rvirubra. 369,372 
Lompropellis zo11a1a pulchm, 369,372 
landscape genet,cs, 45. 146 
land use. conversion to agriculluce. 30.2 
Las~en Volcank National Park. 140 
lesser slender salamander. See Batrac/1aseps minor 
Lintpilhema humilt, n1- 23 
livestock grazing, influence of, 74 
Low.::r O:>lorado River. 121- .23 . .216 
lowland leopard fro&- See .Rana yai,apaitnsis 
L1tcas Cr~~k. 159 

marij\1ana cultivation. 35. 55-58. 81. 83. 90- 91. 
170-72 

M11sticopliis jfogtllum ruddocki, 271-74, 271 (I) 
climate change. impact of. 274 
denning activity, 273 
diet of. 273 
distribution of, 27.2.(m), 273 

habital requi~ments foi, 273 
identification of, 271 
life history of, 273 
management of. 274 
mating season. 273 
milochondrial DNA analysis. 2.73 
monitoring, research, and survey needs, 274 
moitality of. 274 
prey of, 273 
as Priority 2 Species ofSptcial Concern. 271 
risk factors. 271(t) 
status ol: 271. 274 
surface activity, 273 
uxonomy of, 273 

threa1s faced by. 2.73-74 
trends in abundance, 2.73 

/lfasti,ophisfuliginosus, 275-78, :i.75(1) 
climale change. impact of.178 
diet of, 277 
dislinctiveness of. 275 
distribution of. 276(m). 277 
diurnal behavior. 277 
foraging behavior, 277 
habitat requirements for, 277 
hatch lings of. 1.77 
home range sizes, 277 
idi:ntifkation of. 275-77 
life history of, ~77 
management of. 278 
mating activity. 2.77 
mitochondrial DNA analysis. 277 
monitoring. research. and survey needs, 278 
prey of. 2n 

as Priority 3 Species of Special Concern. 275 
radiotelemetry of, :i.77 
risk factors. 275(tJ 
status of, 275,278 
laxonomy of. 277 
thre~ts faced by. 178 
trenJs in abundanoe, 278 

Mattole Watershed. 54-55. 88, 169-70. 177 
Mccloud River, 169 
Mendocino National Forest. So 
Mesquite Mountains, 216 

metapopulation Jynamici;, }l. 41. 63. 74-75, 98, JH, 
14 1. 185. :i,s 

Mexican beaded lizard. See Hdoderma horridum 
migration of species 

assisted migration, ~JI 
corridors for (See habitat corridors) 
for ensuring gene flow, 231 
migration tunnels. 42 

Mojave Desert, 3, 34-35, 149, 189. 221.. 2}6. 269. 273 
Mojave fringe•toecl lizard. See Um11 S<'oparia 
Mojave glossy snake. See Arizona degans candida 



Mojave River, 300 

Monterey peninsula. 18G 
mortality, coad•associated, 41-42 

mountain yellow-legged frogs. Sec Rana muscosa; 
Ronn siuro.t 

Mot1nt Laguna. J72 
Mount Lyell wcb,tocd salam«nder. See Hydromantu 

platycephalus 

Natural Community Conservation Plan (NCCP}, 5, 51. 

196,231-
nominee tua. scoring of. 12 

nonnative planl species. :z.n 
northern leopard frog. See Ratta pipitns 
northern red-legged frog. See Rana aurora 
northern western pond turtle. See fmys mMmorala 
North Fork Feather River, 90 
Northwest Fo1est Plan. 372. 
nuclear DNA markers, 105, uo, 199, 2.77 

Ocotillo Well~ State Vehirnlar Re<reation Area. 227-
28, 230 

Odocoileus hemionus crooki, G3 
Old,growth Wildlife Project. 169 
orange•throated whiptail. See Aspidostelis hypery1hro 
Oregon spotted frog. See Ratta prttiosa 
oviparous reptiles. 204. 281 
Owens River. 109 
Owens Valley. 39. 109 

web-toed salamander (See Hydromanles 
ploly£'Cphalu$) 

Pacilk treefrog_ See Pstudacris regilla 
Panamint alligator lizard. See Elgaria panamin1i11a 
Peninsula Open Space Trust, 145 
peninsular leaf-toed gecko. See Phyllodacty!us nociicolus 
repperwood Creek, 179 
P/1rynosom11 blainvilrii. :uS-24. 218tf) 

agriculture and devdopmcnt. impact of, 222 

breeding season, 220 

cattle grazing and. 224 

climate change. impact of. 223 
deaths d11e to predation. 2.11 

diets of. 2.2.3 
distribution of, 219 (m), 221-12 

diurnal aclivily. 220 

effects of wildfire on, 223, :i.24 
habitat requirements, 221 

identification of, 218-19 
life history of. 220-.21 
managE-ment of. 223 
microhabitat preferences, 2.21 
mitochondrial DNA analysis. 220 

monitoring, research, and survey needs, 223-24 

pitfall trapping. 2:.1 

population decline, 2 22 

as Priozity 2 Spede-s of Special Concern, 218-
radio tracking of, 221 

repzodu~tive activity . .2.:eo 
risk factors. 2.18(t) 
road mortality. 221 
sexual maturity. 220 

status of, :1.18, 2:1.J 

surface aclivity, zz1 

survival rates, 221 

taxonomy of. 2io 

thermoregulation. 22.1 
th1ea1s faci:d by, 2.22-23 

trends in abundance. 222 
Phrynoso111a 111callii, 22s-33. 225(f) 

breeding activity and egg laying. 227 

breeding seuon, 227 
clutch size, 2.27 
daily activity patterns, u7 
diet of, 223, 23, 
distribution of. 226(m). :z.i9 
habital loss and fragmentation, 230 

habitat requirements. 228-29 
hibernation. 227 
identification Qf, 225-27 

life history of, 2::\7-28 
management of. 231-p 
mark-re<:apture sludies of. 230. 2.32 
monitoring, research, and survey needs, 2p- n 

mortality. causes of. 230 
phyloge-0g1aphic study of. u7 
pop11lations of, 229 
predators or. 228 

as Priwity 2 S~ies of Special Concern. 2.2.s. 231 
radiotelemetry studies of, 227-28 
renewable energy projects. impact of, 231 

risk factors. 22.~(l) 
scat counts. 232 

sexual maturity, 228 
shade-seeking behavior. 2.27 
status of. 225, 2.31 
surface activity of. 227 
sitrvivorshipof. 22-6 
taxonomy of. 227 
threats faced by, 230-31 
trends in abundance, 229-30 

Phy/lodacty/11s noclicolus, 248 

Phylogeography. 45, 166, 194, 241, 309 
pitfall trapping. 16~. 1,13. 199,201. a:u. 258. 265 
Pi111ophis calenifer pumilis. 369 
Plts1iodo11 skillonianus inlerparietalis, 3G9 
Pltihodo» asupalt. 370 
l'lt1hodon elongatus, 369, 372 

habitat, 372 
timbe1 harvest. impact of. 372 



Pleih"don itormi, 370 
Pr~irie Creek R~woods State Park. 170 
Pseuda,,is regilla. 75 

radiotelemetry, 67, 87, 92.. 105. 228. 259. 2.62. 2.64. 277. 
2.78.288 

Rana aurora, 77-83, 77[1) 
3rtifici3I habltats, So 
brccdiug activity and egg-laying. 79. 81 
breeding season, 79 
in <oaslal streams, 80 

distribution of. 78{m), 8c, 
embryonic devek,pmenl, 79 
hal>itat requirements for, 79-80 
identification of. 77-79 
impact of 

agricultural and residential development, 81 
climate changes. 82. 
forest conversion, &1 

habitat Joss and degradation. 8i. 8} 

marijuana cultivation. 8c, 83 
pesticides and hetbicides. 81 

sea-level-rise. 83 
life history of. 79 
management of. 83 
mesocosm experiment, 82. 

metamorphosis of. 79 
monitoring, research, and survey needs, 83 
population decline. 80-81 
predators of, 81. 83 
as Priority 2. Species of Special Conc<:m, 77. 82. 
radio tracking of. 80, 81 
rec"'lonization of, 81 
risk factors. 77(t) 
saltwab!r tolerance, 83 
status of. 77, 82 
taxonomy of, 79 
tercestrial v~rsm aquatic life stages, 82 
threats faced by, 81-81 
trends in abundance, 80-81 

Rana b,,ylii. 5}, 84-92., 84(f) 
breeding activity and egg-laying. 86 
breeding and oviposition, 87 
cannibalistic behavior. 87 
distribution of, 85(m). 90 

extirpations, 89 
food resources, 87 
habitat requirements fo1. 87-88 
hydrological effects. 92 
identification of. 84-86 
luvaeof. 87 
life liistoryof, 86-87 
management of. 91-92. 
metamorphosis of, 87 
monitoring. research. and survey needs, 92. 

movements to or from breeding sites, 87 
onset and duration of breeding, 86 
pesticides and herbicides. irnpac.t of, 90 
population dynamics, 92 
as Priority I Species of Special Concern, 84 

tadiotelemetry studies. 87, 92 
risk factors. 84 (t> 
skeletochronology of, 87 
in snowmell-fed streams. 91 
status of, 84, 91 
survivorship of. 92. 

taxono,'lly of. 86 
threats faced by, 89-91 
trends in al>11ndanct>. 89 

Ratia cascadae, 93- 99. 93(f) 
breeding activity and egg-laying. 95 
dietof,9s 
distribution of. 94(m). 96 
embryo development, 9S 
habitat loss and modification. 97 
habitat requirements. 95-96 
identification of, 93-95 
isolation-by-distance model of gene flow. 95 
life history of. 95 
management of. 98-99 
monitoring, resear<:h. Jnd survey needs, 99 
mortality of, 97 
pesticide use, impac1-0f. 97 
population dynamics of, 96, 98 
prcdat-0rs of, 96. 97 
as Priority 2. Specks of Special Concern. 93 
rec-0lonization of. 98 
risk factors. 93 (t) 
status of. 93. 98 
taxonomy of, 9S 
threats faced by. 96-98 
trends in abundance, 96 
UV-B radiation. impact of, 97, 98 

RanQ dr11yl<>nii. 100-105.100(1) 

breeding activity and egg-laying. 102 

breeding season. 103 

diet of.102 

distribution of, 101(m), 103-4 

effect of introduced species on. 104 

elevational range of, 104 

foraging behavior. 102. 

habitat requirements, 102-3 

impact of 
cattle-grazing. 105 

climate change, 104-5 
pesticide use. tos 
urbaniza1ion and agriculture. 104 

larvae of, 102 

lifj! history of. 102 

management of, 105 



mitochondrial DNA variation, 102, 10~ 

mouitoring. research. and survey needs. to5 
population. trends of. 103-4 

prey types. 102. 

as Priority c SpeciesofSpedal Con(ern.100. 105 
radiotelemetry studies. 105 

risk factors, 100111 

slatus of, 100, 10$ 

taxonomyof. 102 

threats faced by, 104 

trends in abundan,e. 104 

USFWS re.:overy plan for, 105 
R,ma mum>~. 370 

Rana pipiens. 106-m, ro6(f} 
distribution of. 107(m). 108- 9 
hal>ilat requiremer.1s. 108 

identific.i.tion of, 106-8 

impact of 
climate changes, 109 

habitat modification. 109 

livestock gr.a2it1g. 109 
pesticide use. 109-10 

life history of. 108 
management of. uo 
mitochondrial DNA variation.110 
monitoring, ~seHch, and survey needs. 110- u 

morphology and vo<alizations, 103 

mortality of, 110 

as Priority I Species of Special Concern, 106 
risk factors. 106(t) 

status of. 106. 110 
taxonomy of. 108 
threats faced by. 109-10 
trends in al>undance, 109 

J?a1u1 preliosa, 112-18, 112(f} 

breeding activity and egg laying, 114 

distribution of. 113(m), 115-16 
genetic diffecentiation and population structure, 

117-1S 
habitat requirements. u4-15 
hibernation, 114 

iMntification of.112-14.117 

life history of. 114 
management of. 117 

mitochondrial DNA variation, 114 
monitoring. research. and survey needs. 117-18 

prey of. 114 

as Priority 1 Species of Special Concern, u2, 117 

risk factors, 112 (1) 

status o( u2. H7 
survivorship of. 114 

taxonomy of. 114 

threats faced by. 116-17 
trends in abundance, 116 

Ra11a sitrrae, 370 
r;inavirus infections, 45, 140-41 

Rana yovapaimsis. 119-24. 119(f) 

coloration of, 121 

diseases. 122 

distribution of, 12o(m). 122. 

habitat requlremenls for. 121-22, 

hybridization of, 12.2.-23 

idcntificalion o(, u9-z1 

larvaE-of. 1 :1.3 
life history of. 121 

manatememof. 123 
molecular m3Ckers, 123 
molecular phylogenic analyses. 123 

monitoring, resean:h, and survey needs, 123 - 24 

natural vulnerability. 12.) 

population decline. u2.-23 

causes 01: 124 

predators of. 122- z.3 

as Priority, Species ofS~cial Concern. 119 
reproductive biology of. 121 

risk factors, 119(11 
salt tolerance in, 1 z.2 

status of. 119, 123 

t~xonomy 01: 121 

threats faced by. 1:u-23 
trends in abundance, 122 

range maps for each species. development of, 17(m) 
red-bellied newt. See Thricka rivulari~ 
Red Creek, Tehama County. 83 
red diamond ralllcsnakc. Sc.: Crctalus rubtr 
red-eared slidec. See Tracl1emys scripln elegmu 
regal ritlg-ncd<cd snake. See Diadophis puncta1us 

regalis 
rcliclual sfonder salamander. See 8nlfachoseps relitti,s 
relocalion prog1ams. genetic consequences of. 42 

Rltyacotrilon var,egatus, 166-73. 166(£) 
breeding activities and egg laying. 168 
breeding season, 168 
duoch size, 168 
coastal populations, 171 

diet of, 169 
distribution of, 167(m}, 169-70 

g~graphic ranges and genetic distinctiveness. 168 
habi1at loss and deg,adation, 171 

habitat requirements for. 169 
ide1itification of. 166-68 
impacts of 

dimatechange.170 
herbicides and pesticides, 171 
marijuana cultivation. 170-72. 
roadbuilding, 170 
timber harvestin8, 170 

laadscape genelic s1udies of. 173 
lacv-,1e of. 168 
life history of. 168-69 
management of, 172 

mi!Qchondrial DNA analysis, 168 



monitoring, reseuch,and survey 11e.:-ds.172-73 
pitfall trapping. 173 
as Priority I Spe.:ics of Special Concern, 166 
risk factors, 166lt) 
sexual maturity, 168 
status of, 166, 171'"72 
in stream channel, 169 
taxonomy of, 168 

thermal tolerances of, 169 
threats faced by, 170-71 
trends in abundance. 170 

river management. 91-92 
road construction, impact of, 41-42, 55-56, 159-60, 

164 
Rounduplll>, 110 

S.K ramento Valley, ~oo 
Salinas Rivec Valley. 86, 88 
Salvadora ktxQlepis virgulua. 279-84. 2.79({). 368 

climate change, impact of. 283 
<liet of, 281 
distinctiveness of, 281 

Jistcibution of. 28o(m), 28.2 
genetic analysis of, 281 
habital requirements, 282 

identification of. 279 
life history of, 281-82 
management of. 283 
monitnring, research. and survey needs, 283-84 
movement ecology of, 2.81 

popul.ation decline, 282. 

prey of, 281 

as Priority 2 Species of Special Concern. 279. 2.83 
risk factors. 279 (t) 
status of, 279, 28} 
taxonomy of. 281 

threats faced by, 281-82 
San Bernardino Mount~ins. 183 
San Diego banded gecko. See Coleottyx variega11u 

obbot1i 
San Diego Multiple Species Habitat Conservation 

Plan. 31 
sandstone night lizard. See Xanlusia gracilis 
San folipe Creek drainage. 121-23 

San Gabriel Mountains slender salamander. See 
Ba11achoups gab,ieli 

San Gabriel River. 301 
San Joaquin coachwhip. See M,utkophisflagtllu1>1 

ruddocki 
San Joaquin Valley, 273, 300 
San Luis Obispo County, 153 
San Sebastian Marsh. 122 
San Simeon State Park. 287-88 
Santa Catalina Mountains. 306 
Sant~ Cruz black salamantlec. s~ Amidesflavip1mct(llus 

niger 

Santa C1uz lsl,md. 369 
Santa Cruz Island gopher snake. See Pituophis ca1tt1ift1 

pumilis 
Santa Cruz Mountains, 144-45. 163-64 
Santa Lucia Mountains. 145. 164 
Santa Ynez Mount,ins, 184 
Saproslenia. 8;,, 
Sct1phiopus couchii, 12.5-2.9. 12.5(1) 

breeding activity and egg laying, 127 
breeding season, 127 
development rate of. 127 
distribution of. 12.6(ml, 12.7-28 
emergence behavior, 12.7 

foraging uehavi<:>r, 1-:i.7 
habitat requirements. 127 
identification of, 125 
life history of. 127 
managemcntof, 128-2.9 
metamorphosis of. 127 
monitoring. resench. and survey needs. r:2.9 
movement ecology of, 129 
natural brc¢<1ing $iles, 1i9 

physiological limits of, 128, 129 
population dynamicsof.128 
as Priority 3 Species ofSpedal Concern, 125 
risk factors.125lt) 
SlalUS of, 125, 128 

lal(Qnomy of. 127 

terrestrial habitat, 129 
threats faced by, 128 
trends in abundance. 128 

Scott Bar salamander. See Pielliod@ asupak 
septicemia, n 
Sierra Nevada, 11. 253, .1,69 
Sierra night liza1d. See Xatdusia vigilis sierme 
Siskiyou Mountains salunander. See Plethodon stormi 
Six. Rive1s National Forest, 168,, 170 
Smith River, 168 
snake trapping, 259 
Sonora mud turtle. See Kinoslernon sonoriense 
Sonoran Desert toad. See Bufo alvaritu 
southern California mountain kingsnakes. See 

Lamproptltis mult1fasciAta; Lampropellis zongt11 
parviwbr<o 

SO\lthern long-toed salamander. See Am&yslemtJ 

mAcrodac11fam sigillAlum 
southern torrent salamander. See Rhyacolriton 

varitgatus 
southern western pond turtles. See En,ys marm&lllla 
Southwt>st Climate Science Centt>r, 44 
Spea ht1mm1mdii, 130-35, 130({) 

breeding activity and egg laying, 132. 

breeding aggregations. 112. 
breeding $Cason, 132 
development of. 133 
diet of. in 



distribution of. 131(m). •n 
growth rate of, 13z 

habitat o:quircments. 133 
identification of. 130 
intra specific variation in. 132 
larvae of, 132-33 
life history of, 132-33 
management of. 134-35 
metamorphosis of, 133 
migration patterns and distances. 135 
mitochondrial DNA. 130 
mitochondrial introgression. 132 

monitoring. research.and survey needs. 135 
movement and surface activity. 133 

natural vernal pool phe11ology. 135 
predators of. r33 
as Priority I Species o( Spedal Concern. 130 
risk fact.:irs, 13o(tj 

sexualcharaClers, 1 p 
status of. 130. 134 
survivorship of, 133 
taxonomy of. 130-32 
threats faced by, 134 

trends in abundance. 133-34 
Species of Special Concern 

aquatic or terrestrial habitat of, 2-7(() 
committed to extinction, 45 
comparison of, 37(11-38(1) 
o:msc111ation-related research. 44 
criteria for listing. s 
definition of, 8, 9 
distribution o( 34(m) 

down-grade status, 36 
ec{llogical patterns in melrk SC{lres. 30 
ecoregion of, 26(m) 
endemic and near endemic species. JJ{t) 
geographic patterns in, p.-36 
identification of. 4 
list of amphibian and reptiles. 2o(t)-21(t) 
museum collections and other data sour-::es. 16(t) 
nominee list. development of. 8 
number oftaxa in each stat\1s categoxy among. 22(() 
occurrence of. 36(m) 
patterns in the metric scores for, 22-25 

principal components analysis of, 2.2 

public comment, 1.2-13, 25,367 
ranking and determinatic•n of, 13 
ranking scores among. 29 
reptile and amphibian taxa under, 30 (I) 
research, survey. and monitoring needs, 43-48 
risk metrics of. 8-12 

distribution trend. 9-10, io{t) 
ecologicaltolerance, 10-11, 11(!) 
endemism, 10, 10(1) 
population conccntution and migration. 10, 10(11 

population trend. 11, 11(11 

projected impacts. 12.. 12(t) 
range size. 9. 9(t) 
v11lnerability to climate ,hange, 11. u (t) 

scoring {If nominee taxa. 12 
Spearman·s rank correlations. 23(1) 
total score/total possil>le for taxa eval11ated for, 21(1) 

watch list of. 13, 368-70 
spiny soft shell turtle. See Apa/om spinifera 
spring snowmrlt, 11, 56, 90, 171 
State Wildlife Action Plans (SWAP}, 5 
Sternolhtrus odorallu. }06 
Stevens Cceek watershed. 177 
stinkpot turtle. See Sternothems odorali,s 
stream-br~dingamphibians. 164. 178 
stream hydrology. 90, 178 
Susan River. 300 

Ta11ti1Ja pla11ictps. 372.-73 
ecological requirements, 373 
habilat requirements. 372 
natural history of, 372 
population densities, 37.2. 

Ttiricka rivulitris. 174-79. 174(!) 
aquatic b1eeJing habitats. 177 
breeding activities and egg laying, 176 
breeding season. 176 
buffer prolections. ecological effeds of. 178 
diet of, 177 
distinctiveness of, 176 
distributionof.175(ml, 177 
effocts of d imate change on, 177 
habitat loss and fragmentation. 178 
habitat requirements for. 177 
ide1uification of. 174-76 
life history 01: 176-77 
management of. 178 
mitochondrial DNA analysis, 176 
monitoring. research, and survey needs, 179 
mortality and habitat degradation, 178 
as Priority 2 Species of Special Concern, 174.178 
risk factors, 174(1} 
st'xual maturity. 176 
status of. 174. 178 
t;mmomy of, 176 
temperature tolerances of. 177 
threats faced by, 177-78 
to:nds in abundance, 171 

Taridta ICJ'OSl"I, 180-85. 180 (fl 
aquatic breeding habitats, i!h 
bo:eding activities and egg laying. 182. 
distribution of, 181(m). 18} 

habitat corridor. 18s 
habitat requirements for. 183 
identification of. 130-82 

larvae of. 182-83 
life history of, 182-8J 



management of. 185 
metapopulation dynamics, 185 
monitoring, resi.:aKh. and survey needs. 185 
predators of. 184 
as Priority 2 Species of Special Concern, 180. 185 
risk fac1ors. 180(1) 

road mortality, 18~ 

status of. 180, 185 
sire.am- and pond-breeding sites, 185 
survivorship of. 184 
taxonomyof. 182 
threats faced by. 184-85 
trends in abundance. 183-84 

Tl1111n11ophishammo11dii, 285-90, 2&5lf) 
climate change. imp.act of. 389 
distinctiveness of, 287 
distribution of, 286(m), 288-89 
fouging and baslcing activities, 287 
habitat and movement ec1>logy, 288 
habitat requirements, 288 
identification of. 285-87 
life history of. 287-88 
mana~mentof, 290 

mating activities, 287 
monitoring, research. and survey ne<:ds, 2.90 

prey of, 288 
as Priority 2. Species of Special Concern, 2.85 

rad iotelemet 1y study of. 288 
risk factors. 285(l) 
status of, 2&5. 290 
surface activity. 289 
taxonomy of, 287 
th reals faced by. 289 
trends in abundance, 289 

Thamncphis sirlalis, 291-95, :-.91(f) 
captive breeding. :1.95 
diet or, 294 
distribution of. 2.92(m). 294 
extirpations and popubtion declines. 294 
hal»itat requirements, 294 
identification of. 291-93 
impact of 

c Ii male change. 395 
floods. 294 
nonnative species. 295 

life history of, 293-94 
management of. 295 
monitoring. rese,rch, and smvey needs, 295 
as Priority 1 Spedcs of Special Concern . .291 
risk factors, 291(1) 
sexual maturity of, 293 
status of, 291. 295 
taxonomy of, 293 
threats faced by. 294-95 
trends in abundance. 294 

Thousand Palms Oasis Preserve, 230 

timber harvest, impact of. 35. 41. 55-57. 82.-SJ.159-60, 
164. 169-70, 172. 178. 372 

Tioga Pass me,dow. 72. 7J 
Torrey Pines State Reserve, Point Loma. 258 
Trachemy5 uripla tltgam, 298,302,307 
translocation of animals. 42-43 
Truckee River, 300 
Tule River drainage. 158 
turtle trapping surveys. 307 
two-striped garter snake. See Th<'lmnopliis katt,mondii 

Umii 110111111, 234-38. 234(f) 
climate change. impact of. 237 
distinctiveness of. 236 
distribution of, 235(m). 237 
habitat loss and fragmentation, 237 
habitat requirements for, 237 
identification of. 234-36 
life history of, 236-37 
management of. 237-38 
mitochondrial DNA ~n~lysis. 236, 2.38 
monitoring. research. and survey needs. 236 
mortality. cauS<?"S or. 237 
as Priority 2 Species of Special Concern. 234 
recolonization of. 2.38 
risk factors, 234(11 
status of. 234,237 
taxonomy of. 236 
threats faced by. 237 
trends in abumbnce. 237 

/Jm,:i srop11ri11. 239-45. 239 tf) 
breeding activity and egg laying, 242. 
breeding season. 2.41 

burrowing and sa,id-swimming behavior. z42 

clutch size, 242 

diet of. 242 
distinctiveness or, 241 
disl1ibu1ion of. 240 (m}. 242-43 
effects of climate change on, 243-44 
efficiency at capturing prey. 243 
extirpations of, 243 
habitat loss and fragmentation. 243 
habitat patthes. for long-teem persistence, 242 
habitat requirements. 242 
human-assisted translocation, 244,245 

identification of, 239-41 
life history 01: 24J-4:1. 
management of. 2.44 
mitochondrial DNA analysis. 245 
rnonitming, research and survey needs. 244- 45 
noise pollutk,n effects, 244 
phylogenetic analyses of. 241 

population size and density, 1.42. ~44-45 
as Priority 3 Species of Special Concern, 2.39. 3◄4 
push-up behavior, 3,p 
quality of available food. 242 

rnoex 389 



risk factors, 239(11 
status of, 239. 244 
laxonomy of. 241 
threats faced by, 243-44 
trends in abundance. 243 

U11ited States Department of Agriculture (USDA) 
eooregion subsections used in developing range 

maps. r8tm) 
urban development, impact of, 302 

US Fish and Wildlife Service (USFWSJ. 45. 105 
US Forest Service, ~ 

Old•growlh Wildlife l'r<iject. 169 
US Geological Survey (USCS). 258 

venomous reptiles 
Bujo alvarius. 59-64 
Crotr,!us rube,. 260-65 
Helodenna s1Upectu111, 212-17 
predator avoidance mechanism. 215 

Warner Mountains. 115-17 
watch list, of Species or special Concern 

Baja California rat snake. 368 
California tiger salamander. 368 
Coronado skink. 369 
Del Norte salamander. 369-70 
Inge-blotched ensatina. 369 
mountain yellow-legged frogs, 370 

Mount I.yell wcb-tMd salam.ander, ~69 
ounge•throateJ whiptail. 368 
Owens Valley web-toed salamander. 369 
Santa Cruz Island gopher snake, 369 
southern California mountain ki11gs1ukcs, .369 

yellow-blotched eru;atina. 368- 69 
western black-headed snake. See Ta111illa planiceps 
western pond turtle. See fmys martnorala 
western spadefoot. See Spea hammo11dii 
wildfires. 164. 184, 195, 210, 22.3, 258, 2.83 
Wildlife Action Plan !California). 5 
wildlife corridors. See habitat corridors 

Xcm1usia gracilis, 246-49, 2.46(£) 
behavioral differences in captivity, 24S 

)90 INDEX 

distinctiveness of, 2.48 
distribution of, 247(rn), 248 
habitat requi rem en ts. 24/1 
identification of, 246-48 
life history of. 248 
m1n1gement of. 249 
monitoring, research, and survey needs, 249 
as Priority} Species of Special Concern, 246 
risk factors. 246(1) 
slatus of, 246, 249 
ta:<onomy of, 248 
threats faced by, 249 
trends in abundance, 248-49 

Xan111sia hcnshawi, 199 
Xanlusia vigilis sitmlt, 250-54, 250(1) 

daily activity cycles. 252. 
diet of, 2.52 
distribution of. 251(mJ. 253 
elevational range, 253 
habitat requirement~ for, 252- 53 
identification of. 250-52 
life history of, 252 
management of. .253 
migralion couidors, 254 
mitochondrial and nud~,i.r DNA sequence. 252 
monitoring. research, and survey needs. 25)- H 

phylogeographic/~p!!cil!s boundary. 2n 

as PriorilY3 Spe<:ies of Special Concern, 250 

risk factors, 25ott) 
sexual maturity of. 252 
status of. 2.50, 253 
taxonomy of, 2s2. 

threats fa<:ed by, 253 
trends in abundance, 25J 

Xantusia wigginsi, 373 

yellow-blotched ensatina. See Ensatina i:schscholizii 
croctatcr 

yellow-legged frogs. See Rana boylii 
Yosemite National Park, 71, :,4-76 
Yosemite toad. See Bufocanorus 
Yuma De~rt. 2p 



U.S. Fish and Wildlife Service 
California - Great Basin Region 
Migratory Birds Program 

Recommended Buffer 7.ones for Ground-based Human Activities around 
Nesting Sites of Golden Eagles in California and Nevada 

May2021 

For most ground-b11sed human activities, we reccmmcnd a one-mile no-disturbance buffer surrounding golden eagle nesting 
.sites in California and Nevada; sec table below for ~pecifics on activity and buffer recommendations. Recommended buffers 
may increase or decrease, depending on spe<:ifte site or activity circumstances. Buffers may be reduced in consullation with 
the U.S Fish and Wildlife Service (Service) when the nest is not in use or activities are not in line-of-sight of the nest•. ln 
parts of California, eagles maintain year-round terrilories that may require additional protection. We recommend 
consullation with the Service for decermining buffer zones for high intensity or long duration activities, unique 
circurnstances,activities not listed in the table below, or when historic levels <.•fhumanactivity are a l:oru;ideration. 

Activity 

Use of Motorized Vehicles off•road and on water: 
Including, but not limited to, passengervehides,all-terrain vehicles, dirt bikes, and 

snowmobiles. Any passenger vehicle driving on dirt or gravel roads that a re not pa rt of a 
routinely used transportation corridor. Also Includes motorized boating activities. 

Pedesttlan and Non-Motorized Actlvltyb: 

Including, but not limited to, walking, running, hiking, biki!ll, camping, rock climbing, bird 
watching, fishing, hunting. horseback riding, canoeing. kayaking, and bioloi;cals urveys•. 

Developed Sites: 
lnch«J ing, but not limited to, facilities. developed campgrounds ite~, and designated snowmobile 
and off-roadvehide courses. 

lndustrial,Municipal,and ConstructionActivltv: 
Inc I uding, but not Ii mited to, urbanization; mining; oi I and gas development; solar development; 

logging; power line construction; road construction & ma intenanre; facilities construction; and 
agricultural operations. 

Blastlngand other loud non-regular noise: 
Including, but not I imited to, detonation devices, fireworks classified by theFede,a I Oepartment 
of Transportation as Class B eKploslves, recreational shooting, and outdoor concerts. 

Recommended 

No-Oisturbance8uffer 

lmile 

1 mile 

lmlle 

lmile 

2miles 

• An in-use nest is defu1ed as a ''golden eagle nestcharacteri:red by the presence of oneof1rore eggs, dependentyowlg, or adult eagles on 
the nest in the past IOdoys during the breeding s~son'' (S0CFR 22.3) and "(b)ree<lingbegins ... with the start of courtship ... " 
(Programmalic Environmental lmpactStu1em1mtfortlie Eagle Rule Revision, United States Department of the Interior, Fish and Wildlife 
Service,December2016). 

• Many e)jsting nest sites experience some levelofintemittent and on-going low levels ofdislurbance from these typesofhurmn 
activities, and the resident pair of eagles may have acclimated to theseeKisting levelsofdismtbance. However, increases i11 human 
activity may not be tolerated by nesting eagles. 

• Qualified biologists conducting ground-based eagle monitoringrrny follow distance recomnendations in Pagel et al(2010). 
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Introduction 
Yu.cC&i (.lucca and H;irperr,y,,r:co) are pronlinent and 

charismatic plants of wann temperate end arid cegioQS 
of the sovlhem United Stale$ and M°"ico. Yuccu ba,e 
received a g,cat deal of scientific ,ncntion, especially in 
the aree of floral biology. The yucu. n1olh- Yucca tlower 
pollioation inle.AelioD, oflen Gi1ed i11 t~tbooh end JJOPU· 
la, works, ia one or the moot ~oovincing examples of a 
roevotved. obligw: murualism (Pcllmyr e1 al .. 19%). The 

'Rec, 20Cli>M· l8:~. 2006-~l:O. 
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1A•lh1r(,,t~n. 

interaction, which ntay bave aciren more lhen 40 million 
yeers ego (l>etlmyr & Lcebens-Mad:, I 999), was first 
described by GCOti~ Enr.elrnann and Cbiules Riley in the 
IIHO. and is atill an objecl of intense scientific invcslig&• 
,ion (Pellmyr, 2003). Although much is known about their 
genni$, virt\l.31ly nothing is known about the fote of )'Ul'Ca 
seeds (e.g .. seed dispernl, post•dispensal seed predation, 
seedling es11blishmcot). 

So.me yucca, (e.g .. Joshua !Jee, liu-ca />nvif<>lia) I?«)• 

du.ce ~011Vely large seeds. These large seeds are likely to 
be attnctive food items (or gnnivorous rodents, birds, and 
ants. Further, a numbec of seed•cacbi.ng 1oden1S live in tlte 
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s.une habitat M these yuccas, 31\d it is possible that a &ac­
tion or the yuoca seeds are scalier h0111ded by rodents and 
that rodcnu might 1erve as dispersal agents for these yuccas. 
Some alternative me.ans of seed disptrsal have been sut• 
its•~- In 1893. William !release ''1"01e of JO$b\13 ~e fruits 
that "their rounded fonn aDd. very lighl specific gravity ren­
der them well developed 'tumble fruiis' 3nd poiot to t~ir 
dissemination across the desert by lhe aid of strong winds 
that prevail there." A num~ of auchors &late that yuocas 
(i.e .. Y. ela1a. Y. fi/amenwsa. Y. whipplei. and Y. glauca} au 
windlg.-.vity dispersed {P<>well & Mackie, 1966; Wallea & 
Ludwig. 1978; Aker, 1932; Dodd & Lillbar1, 1994; Massey 
& Hamrick, 199&; Huth & Pellmy,. 2000), but fhe effective• 
nus of Oifa mecbat1ism has aever been as.semd. Wallen and 
Ludwig (1978) !ugtested lhat Y. ha£cau, it dispersed by 
herbivores, but did aot present conc(113ive e•idmce. Yealon 
et al. (l9!1S) also noted that Y. schidigera. in addition 111 
Y. t>ac,a1t1. is dispersed l,y vertebrate mea11s. bu.t neither 
prod~d evidence or specified wb~h vertebrates. Janzen 
( 1986) suggested that the see(I, of r drcip;,n, m the south­
ern Cbihuahuan Clesen, Mexico, might have been dispersed 
by ex1inc1 megafaoo&. 

A mwel nnd imponan1 reprodl><llive feature of son,e 
Yucca species is !he produclion of 1ndchiscent seed pods. 
This is a derived conditi.,n. nC$ted within the Agavaceae. 
while all other members have dry, dchiscent capsules. There 
are rwo types of iooehi6cence: one found in the fleshy­
fruited yuccas of the section Sarcocarpa and lhe other in 
the spon8)'-(rui~d Yucca brevifolia. the sole member of the 
sc,ction Clistoca,pa, Developmentally. they differ in that Ute 
mesocatp layer thickens in sarcocarps, whereas the el<Oearp 
layer l!lickens in Y. brevifalia, creeling a leu decsc fruil in 
the lautr. Many yucca species prodt>U dehiscent se,ed pods,, 
and lhese n1ay well be dispersed by wind or some odlcr abi­
ocic vector, bu! it is unclear how s.ecds from the species with 
indehiscenl pods are dispersed. The yuccas wilh indehiscent 
pods produce 1elati11dy larse se.:ds 1ha1 would appear 10 be 
sought after by granivores, however. The oonjunction of 
these two trail!, indehisceiu pods and large seeds, kd us to 
hypothesize that these yuecas, which include Jo.shua. tree, 
are dispersed by se-,d..:a<:hing rodents that remt>ve the re.:ds 
directly {rom pods. The goal of this study was lo assess 
whether Joshua 1ree, one of the most fomilior and 1mronso1 
yucc,is in the ,outhwestem tlnited S~to, is dispened by 
seed-c.1chill8 rodents. 

Methods 

We Sllldied the dispersal of 1oshut tree seed! at P,)IOSI 

Wash o.n lbe southwest slope of the Spring Mountains, 
about SO bn southwe,:t of Las VegM, Clark County, Nevadlo 
(35° 52' N. I IS0 33' w, elev. 1660-1700 m). The site is 
Mojave D=n ~rub dominated by blackbn.u:h (Coleagyn, 
M111Qsis1im,1), Nevada cphedra (Ephedro nevadenris). des• 
m almond (/>n,n11t faulc11/a1a). and creosote bush (Larrt!a 
tridentala), with moderately deose populations of Joshua 
tree and banana yucca (Y bacc.:tta) just below pinon-juni­
ptr woodland. The site is federal land administered by 
the US Department of Al:riculture, Forest Service and US 
Depanmeat of lhe Interior, Bureau of Land Management. We 
.iudicd ~e-dling n<:ruitmeot of -'osb'-'3 l(ec •loni; Walking 

l40 

Box Raoch Road off Nevada route 164 about 12 km west of 
Se•~hlight, Nevada. 

On IS August 2002, we placed 200 Joshu3 tree seeds 
8round each of two source planlS ("'20 seeds .i each of 
10 scrapeg in the ~oil within I ra of lhe lree trvak). On 26 
Sepltmbcr 2002, we plaud lllnoe more batches of200 seeds 
under three other source plan!S in a similar fa1hion. Stcd$ 
were numbered individually and bbelled with radioactive 
~andiwn, a g,unme-emining radionuclide with a half-life 
of 83.8 d . Scandium is biologically inert (docs not pass 
tlmmgh !be food chain), ~Bys to non.toxic, non-ndiO"C· 
tive titanium, and .t{ll'.lt111S hannlesi; to rodents and seeds. 
The W3Y we pnunted sffiis was UMIU\lral. but it is 00( fea­
sible 10 present 18.dioactively labelled :ieed.s within p<>ds and, 
in Ibis study, we •~re imcrcsted i11 the dispersal proccu, not 
how seeds miyu be haives1ed fl'orn pods. We retwncd the 
day after deploymi: seed to cb~k seed fates. We collcw:d 
11nharves1ed seeds and then searched fo, missing s.:ed.s 
using Geig« coonlets, followioi the proeedure of Vander 
Wall (2002). We e,~C\"l•~•ed caches w detcnninc number of 
se-eds 3l\d burial depth. We recorded the numbers on lbe 
se.::ds and returmd them to the cache 1itcs. We recorded 
caching mkrohabitat {u.nde.- shrub(> 10 en, fron, onopy 
edge), edge of shrub [< 10 cm of ca11opy edge), or space 
betwttn sltnibs (> JO cm from canopy tdge )) aDd. sut>stme 
(n,ineral soil or pl&Qt liner} and measured Ille coordinales 
of cache situ using the sour~e plant M the origin of e graph 
space nnd c•rdinal dittetions as axes. We mumod to svuroe 
plants later in lhc fall of 2002 and 5pring of 2003 and resur­
veyed the ~re-a to detennine which ca.:hes were presen1 and 
10 scareb for new {Se(:ond111y) c.scMs. Aftet' the las! S\Jrvcy, 
all rtmainln.g labelled ~s wert gathe«d and disposed of. 

During fall 200), after production of relatively taree 
seed crops. we monitored fruits of Joshua tree, banana 
yuoca, and Mojave YIJCC.ll at our Potosi Wash study site 3lld 
at Wallace Canyon in the Spring Mountains of souchem 
Nevada to detennine how seeds might be removed. Like 
Joshua nee. banana 1111d Mojave )'Uccas produce indehisrent 
seed pods wirh r,:lativcly large seeds. 

To detennine rodent ~ics compo,ition and r,:lative 
abundances 31 1he Polo5i Wash site, we trapped rodents 
oo the e~nings of :SO April and I May 2003. We used 98 
Sherman live traps in a 7 x 7 grid with 12 m spacing and 
2 l!aps at eacb point. Two trapplog grids were laid out, one 
loca1cd in bumcd shrublands and the other in unburned veg• 
elation. Bait coMisted of mi:<cd bird se-ed. We ooi1ed and set 
traps jus1 before dusk. and we checked and closed traps at 
da\Vn. Trappin_esessioll$ la1ted two oights. 

We oonducled seed germiDalian lriak using Joshua tree 
seeds gathered from C~ter Canyon (Spring Mounuins, 
t<Mhem Nevada) in October 2003. We l'ffl)()Vtd seeds from 
pods and pixed !hem in water; seeds that tlo3tcd were con­
sidered inviable and were diSC11rdcd. Wt also excluded any 
seeds with visible damage from moth larvae. Viable seeds 
were air dried MIS stored in paper bags. 

To prevent pilfeiage by rooents, we colld~ted seed 
gennination experiments within protective ex.::losures coo­
stnu:ited with 6 mm hardware cloth SO • :SO • 20 cm biy,, 
buried 10 cm deep in lhe soil. In each cage, we planted seeds 
::3 cm de.:p io a S x 10 grid. Wire mesh lids wen placed 
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over the cages. We repeated lhis procedure in 24 excl.t)Sures 
(1200 seeds), spacing them s:30 m 3pal1 aloag a transect 
We placed half ( 12) <,f the exclosures under slt.Nl>s and the 
other half in 1he open, ahemating site coadi1ions along lhe 
uansoc1. Six exclosures in each microsite ueatmmt were 
watered each week for five weeks wi1h one liitt of water, 
aaain llliernaung along 1be tr,msec1. The O"lber ,ix m;eived 
no $Upplemental water. We monitored exclosures wetkly 
for seedling emergence. We initiated this .study in M=h of 
2004 and e31hm:d 1be rllllll d.!lia on 29 Januaiy 2005. 

Neiul>y, we es1ablishcd 12 unfenced plots to mea, 
sure the ra1e of toden1 seed pilferage. Fifiy Jo,bua tn:e 
!<!eds were buried ,,3 cm deep in a S x 10 panem wilhin a 
~0- '- SO,cm p!ol. As with Ille e.closurt-$, batr of these plots 
were watered each week. We checked plOIS weekly for seed 
ttmov:al •nd seedling emc,v11Ce: howevi:r, Che number of 
!<!ds removed was difficult to determine without di,turbing 
the plOIS. At lhc end of two mollllls. the t')J) 5 = of soil in 
lbe plo!S was t"fflloved and sifted tbr remaining seeds. 

We analyzed germination 3nd seed removal d.Gta using 
a cwo-fe.ctot ANOVA for micrositc 1111d supplemental water• 
ing. Data wttt !X!,U8~ rool lransfo!Tlled to meet assumptions 
of equal variance where noccssa.ry (B<;,.,. & Cox, 1964}. Data 
.1tt reported as mean "' I SD unless otlW!rwi~ noted. 

RA!s111ts 

Rodents removed labelled s.eeds from four of the source 
plants within I d, and seeds at the fifth source plant were 
removed during lhe second day. Only 5 or 1000 scecb 
(0.5%) wm: nol harvested by rodents. None of the seeds 
had bcea eaten under the source plants. Wllen we sc,ud,td 
for seeds witli Ceijer counters. we {011.Dd 84.1 "'13.1% of 
removed seed$ (range 67,7 tO 97.S¾) in caches. We foond 
a total of I S3 primary <:aches (30.6 .t 7A caehcs·planr1) 
located O.S•56.6 m away from lhe t>ase of source planls 
(Table I). Primary cacbes e-0ntained a meao of S.2± 3.9 
seeds (range• 1- 16 seeds) and were widely scaltered 
around source plants {figure I). M= maximum dispersal 
distance was 30.0± 16.8 m (r.ng.e~ 12.S-56.6 m), Five 
banana yucca seeds wen, found among thtte of the ca.:h<!S, 
indicating !hat rodents were foraging foe end cachini indig• 
mous yucca seeds. We also found one larder containing 44 
Joshua tree seeds in a dead, hollow, banana yllcca $lcm. 

We resurveyed the o.rcas 2t0\l!ld source plants later in 
the fall and found that 70 cacbes were still intact (◄S.8%}, 
fo111 CGChts had mO$t ~ removed but one ()( mote S<:td$ 
still pres~! (2.6%), 79 ca<:hee were missing (51.6"/a), aod 
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SO new caches had be<!n made {Table I). Rodents made these 
new (secondary) caches from seeds they had t.a.keo from the 
orijinal <>r primary caches. Secondary caches were small• 
er, containing :1.0 aver.age of l .3 :t 2.5 seeds ( 1-14 seeds; 
Table I), and usually were widely sC:!llltn:d (Figutt I), The 
rranspon distance between primary and seoond.ary caches 
averaged 6-13 m (full raoge • 0.2-32.2 m)(Table 11). 

Combining both rrimary and secondary caches, 
rodents pl&C'Cd noarly equal numbers of C1lche8 under shrubs 
(32.0%}, near lhe edge of shrubs (36.S¼}, and io the open 
(31.S¾). Caches were usually close to or under black­
brush, cpbedra, lycium (lycium andf!rsonii), or creosote 
busb. which ere the moS1 abundant sh.rubs at the study site. 
RodentS made caches in sandy cr gravelly soil (68.2%) or 
Wldi:r thio deposits of plant liner (31.8%). 

During !he cou~e of the fall and winter. rodents 3le 
roany -0f the seeds in ptimary and secondary caches. On 
23 March 200}, we found oaly 3 seedlings emerging from 
c.1chcs (!ht total number was probably grt.iter b<:,:ause mOSI 
seed had been removed, and rodents may have <:ached many 
seeds el:,ewlme). 

From 392 tl"3p•nights, we caught only 21 rodents 
(13 individuals captured). Trnpping yielded two longtail 
pocket mice (Chae/Qdipus formcsU5), one canyon mouse 
(P('ro»1ysc11s crini111s). and 10 Merriam·s kangaroo rats 
(Dip<Jdomys merriami). All b\,1 one of the Merriam's hn&.o• 
roo rats were fo1111d on the 1>umed site, l!lld all other rodenls 
were caught -011 1he wibumed site. The diurnal whitelail 
antelope ground squirrels (Ammos~rmophilus l~ucun,s) 
wae seen on the site but not Cllptured. 

The fruits of Joshua tree, banana yucca, and Mojav~ 
yucca that we monitored in fall 2003 had been ioewed 
no by rodents, both s<ill actached to the plants and on 1he 
ground nelll'l>y. Rodents had dragged some pod$ away from 
productive planta. opcoc;d the pods, and appeared 10 have 
removed seeds. &ml oo teclh 111B1h on the pods •nd foot 
prints in the soil, Ibis activity appeared 10 be caused by ante• 
lope ground squim:ls and perhaps woodral8 (Nt:0/oma sp.), 
but other species of rodents (e.g., mice 01 kangaroo rats) 
may It.ave rem~ve,j seeds Cron\ the partially opened pods. 
Over a period of 2-l 111onlhs, rodents dismantled most of 
the pods, and most of lhe seeds in thtse pods diuppeared. 
We did OOI observe ~ny other means of seed removal. 

A 1010I of 178 Joshua tree seedliois ( 14.8%) emerged 
in th~ f(.~c11tination ex.closure study. More $eedlinp 
emerged under shrubs {22.R t: 19.4'/o) than in the open 
(&.8"' 8.6%►, l>ul the difference is only marginally signili• 
can1 (F1_ ~ • l.65R, P < Cl.1170). More seedlings emerged in 

TABle I. ReiUhs of radioaclivc ~ studies arwnd five tew<c ptaota. Otta are a><aM • I SD. Primary ""'houtt from ,.,d, tak<n from 
benea1h soue<:eplants: seoonduy eaellu are from see4s IAl<~n from prima,y <11<hc,. Oi,ia.o.:c 1s 1hc shorttst d..<1ane< betwc,,n roun:e ptm a.od 
ncl!o. Cache dcplh""" mcasw,,d to Ill• lop of seed$. Belweel\ 67.7 and 97.S% of the 200 s"'ds placed at<ach ,our<:e plaot "''"' found. 

Tr« n 

I l6 
2 J8 
) 27 
4 J9 
5 23 

Ptird")- Sc<onduy cacll<• 
Sttds·ctdllC'' 1 

6.4•}.7 
U•).) 
1.?H.4 
U•0.9 
g.)t ).I 

Ottla.C.ce(m} 
Dq,<h '"'"'' " Set.,iS'(ttli_£1 

ll.h7,I l7.01; ll.5 s 2.6• I.S 
IU i 1~.7 19.j • 21.6 6 2.hU 
10.hU 11.S 19.l 16 2,9, 1.1 
IS.3 •9 S 3.1 t S.O 0 
8.hH 7.0 • 7.! ll l .9• l.l 

llti~ conkM do-,\•nlwdcd (rurn 
ll2 l'J.1 21♦,ll'M on Sun, 03 furl 2C>2;'\00 3f.:119 UTC 

All use:: ,.,.bju;1 to hnps.:l,.a'boul ,~1or.orglttn-os 

O&w,ec(m) 

IS.9 • 2.$ 
11., .1.o 
9.01:: ◄.4 

13.111.5 

~ lll(mrw) 

M•0.7 
Ht 1.6 
7 h:7i 

UJtl.9 

s-41 



10 • • 
• . 

"' • • • • 
♦ 

• • O" 
'\ 

• 0 . • . • lJ • .,. • 
0 •• • • • 

• • • • 
·20 1------------- · "T·--

·10 0 10 20 
Mt!Ut 

PlolJu I. 'Ibo dilpc,,,ioo of,_ - Jos>,., ,- S (LIIJ«ildc), 
Oooed<ir<l,.--(lriMr)'-i.,s;-cucl .. ""'""""'-" rri­
lllllY~ INQaln~ll<fflOduy c..:b::t-.le nm.lh, cq,dr4 
pnmll'l' .....,.._ llailtct ii>-. 

TAM.I! D, The dil"- IMI rodooita moved MOd$ beNIWII primary 
.,,I.-...,, ..,.1,a al fow "°"""' plaa,i,, Tbn,o a... - 1•-10-
2· c.tdwt distanuslban llO«lll.duy cedle9 (Table I)~ N>dcats 
ob bmirdlffllswn nooprlmary cadles Ill~-~ 
Cll<be. 

8«Jtt,e pin ,, Micu,-t: SO R101f 

I ? 13.l:1:U o.t--,n.o 
2 1 II.OU2.I 0.2-32.2 
J I$ 4.0.U 1,6-IU 
◄ 0 
j 17 12.ll:tU U-24.t 

anWSUffl!d exe!G!Ju.n,s ( 16.6 r 18.2"/4) than in wumd e:iiclo-
9\ll'es (13,2:i: ll.8%). bUI Ille difffflllec 'Illa! not aignificant 
(F1 :io = 0.303, J>"' 0.1811). The ~attf intm.cliOQ als<> 
wai oouiaollicant (f1 20 = 0.017, J> • 0.891). Oven pttiod 
of two m.olllhs, 82% at the 600 lltCds in~ plot$ wm, 
removed by a.nimah. Thens was no signiflc.eQt eft'w of 
watctillg (F1 e • 0.11, P • 0,688S) on the nwnbcr of seeds 
mnow!ld,, but anim.ah IQj)lc slgnlflcantly more seeds uoder 
ahnib <:aaopie3 (16,'.U 1 S.9) than in 1M open (U :t 1.8) 
(P1,t " S.49,P ;0.0472). 

Ducu59'.1011 
Our SOWQe plant atudies dcmllll.!ffllted that rodmts will 

ga!htt 1114 .:aclJe Joshua me seeds. Since we ..-w ea&ffllial• 
ly lhe same panem at all 6oe &Oll!U plants. ccan« hollllliog 
of lh.elC )'\IC,;a seeds ap~ IO be a '8DSi8tffll bchaviounll 
lespoll50. HDIYeYl!J, we are IIOI cMaln wblch rodent spe­
cies were re,sponslble for the Qeb.O!. At source plant 2., 
&e't'Cnl prima,y aichcs wetc pilfm:d durin& lbe day while 
we wm ei!Qvalirli IIDCl mapping primary~ SU£8CSI· 
la& tbat white-tailed antelope ground squimils, the cmly 
diurnal rodent at the site, were probably invo!Yed. AJ -

S4Z 

p!Ml 4, cacb.es wm, lllliformly small {1-4 ~) and lltaJ.. 
law (:o3 mm deep). sugg6Sting tllll a small todelil IUcll as 
a Pffl»l'l)IJC1<S mi,cllt bave -lkd 1he sec&. Deer mic.e a.ad 
phiyon mioc make cadtcs similar co 1118 c:acb.lls at 11111rU 
pllmt 4 (Vaadet Wall It al. 2001; Ho1wM!« A V8llder Wall, 
2004). Caches made at sowoe plats I, 3, and $ wm laan 
and deepct a.ad miSbt bAve been made 'by a !Jqgw ~I 
IIUdl M DiJ)Od)'1711<1 merrlumi, 

Only three of the JOllbua 1n:c sccd., rcmaiDod in caclim 
wllil 1hoy genniDated ill the spring ud establlibed seed· 
lings. This is only a till)' a,ete¢Mlle (0.36%) of Ille 136 
~ found in l)IUlllll')' ~ho$ a.ad O.o6'l't of w 4S6 Mds 
lltiJI ill pb:o et OUI" lmt ll1.mllllD 5UCYC)' (mid October to mid 
NO\'Cmbet-). However, mu $1116)1 toot plac~ In the middle of 
Ill! extenaive drou.1)11 period ill 'Wbi~ c:ollditiom fot &ffllli· 
oatioll wm: far &om. optimal Lebcled seeds were mnoved 
after llus lut cach.e swvey, 111d ,tiu, ft was a.ot pos,l'ble w 
quaetify gennin.ation in subu,que11t yem, whicb may have 
ll«n c!C411e!' lo optimal c«>llditiom. 

The germination i111dy iluido exclosute11, ..,hich ~ 
\'Clll«l p11fmige by rodtmla, inclicattt that Heds in lhallow 
surface each.es tlmllru to ~ made by todtuts ca.a iffllll­
nelt and establish ~. In 1he labomcny, gffllliaalioc 
talca ofmoilltAmlid .bib.WI tree seeds are typically~% 
ow4!1' =.S d (Gtnlea &. Esqut;, unpubl. dwla). The mud! lower 
pcn:emage io lhe ftdcl (14.3%) llldlo:ates dial muy of the 
Viable seeds did not gmnlmta 11UCCUSfully during trials. 
Mo11J socds suoocssfully lfflWD!llcd a.ad produocd seedlings 
under !hluba, llul lhc va.rialioo was io gnat Iha! lhb lff:nd 
- aot 81atl81iC8lly aigiiificam. ~ we ce>nttollod for 
lhe l0\1$ of~ by roclellb, we assume lb.at &biotic fisctor.s, 
soil invertcbmtl:s, or mict0be.11 redu«:d gcnninatiOCI. 

Tho pilfc:ruli of seeds from. a1:hea and the movins of 
pilfm:d IICCdl ~ tec<mclary ~acb.el 111,ucst dlat 111.e dynam­
ics of euucr.floetded seeds is similar to lhat obiservtd witb 
somo pine se~ (Vl!Ddor Wall & 1oyai:r, 1998; Vlllldcr 
WaU, 2002). M011t yuce.t. se«ts reticle at several differ• 
e:nt slt" btfore fl.Dally being coosumed or &ffllliaalit1$, 
~ temo~ of aeeda from cache sitea is not an ac,cu. 
rate meuurtt of seed predalioe1. The rccachillg Qf seedt 
has important oonsequ.ences for teed di,perul; as aceds 
arc dlspet'lled from orlalual ~u 1bty may 'be moved 
further from Ibo ori&inal s01m:o pla.llt. split into add!• 
tioll81 caches, and moved to a gmitcr variety of habitats 
{Hoshiulcl, SU1.Uld &. SMakl, 1997; lloh.ni.oe~. 0-0 
&. Rabemanantsoa, 1999; Roth & Yao.dee Wall. 200S). 
8cca11St many seed., were moved fnlm l.lli:ir origi.Qal ~ 
Aite and probably tffilcbed, <lOlr ~ of mabfubmmt 
from natutal ~he$ a likely to bo an uad~to of ne 
l!Cedling e:dabtishmenl We were Wlllbk 10 0011d11ct'CXtel).• 
Aivc, rq,eated surveys of the arus -.roun,I sou,rc:e plallu, 
so many secj)oduy (and tertiary) etches wi:re probably 
missed, mt the fate of these seeds is witncnvn. Also. some 
of the 11!>C&Ched s.e-eds were probably cenied farther trom 
Ille soM:e pllllll, $11.e:&e,tlillg that maximum seed ~ 
disllaeeJ wero probably 8f0Slor Ihm the mean mwmu.m 
distance of 30 m rccordcd tor primmy cacl,es, 

Rodenu dilllllllltled marure pods of Joshua tr~ and 
ccher )'uua tpecte'i and. ttm.o\'ed seeds. Mo9.t of lhe ~ 
appeared to II.Ive been carried away intact, ~ tlim 
was little mdence that rodmls wm: ming seed!I nea.r the 

'Thu content dO\'lot,lc>21k<I (fl)l"I'\ 
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Procedures for Discharges of Dredged or Fill Material to 

Waters of the State 

1 I. lntroduction1 

2 The mission of the State Water Resources Control Board and the Regional Water Quality Control 
3 Boards (Water Boards) includes the preservation, enhancement. and restoration of the quality of 
4 California's water resources for the protection of the environment and all beneficial uses for the benefit 
5 of present and future generations. In accordance with the Porter-Cologne Water Quality Control Act 
6 (Water Code, § 13000 et seq.), the Water Boards are authorized to regulate discharges of waste, which 
7 includes discharges of dredged or fill material, that may affect the quality of waters of the state. As 
8 described below, waters of lhe state include some, but not all, features that are defined as wetlands, as 
9 well as other features, including the ocean, lakes, and rivers. These wetlands provide environmental 

10 and economic benefits to the people of this state, including flood and stormwater control, surface and 
11 ground water supply, fish and wildlife habitat, erosion control, pollution lreatment, nutrient cycling, and 
12 public enjoyment. Wetlands ameliorate the effects of global climate change by providing floodwater 
13 storage, sequestering carbon, and maintaining vulnerable plant and animal communities. Many of 
14 these invaluable areas statewide have been lost to fill and development. Presently, wetlands are 
15 threatened by impacts from increasing population growth. land development, sea level rise, and climate 
16 change. These Procedures for the Discharges of Dredged or Fill Material to Waters of the State 
17 (Procedures) conform to Executive Order W-59-93, commonly referred to as California's "no net loss" 
18 policy for wetlands. In accordance with Executive Order W-59-93, the Procedures ensure that the 
19 Water Boards' regulation of dredge or fill activities will be conducted in a manner "to ensure no overall 
20 net loss and long-tenn net gain in the quantity, quality, and permanence of wetlands acreage and 
21 values ... " The Water Boards are committed to increasing the quantity, quality, and diversity of 
22 wetlands that qualify as waters of the state. 

23 These Procedures contain a wetland definition in section II and wetland delineation procedures in 
24 section Ill, both of which apply to all Water Board programs. The wetland definition encompasses the 
25 full range of wetland types commonly recognized in California, including some features not protected 
26 under federal law, and reflects current scientific understanding of the formation and functioning of 
27 wetlands. These Procedures also include procedures for the submission, review and approval of 
28 applications for activities that could result in the discharge of dredged or fill material to any waters of the 
29 state in section IV. The Procedures include elements of the Clean Water Act Section 404(b)(1) 
30 Guidelines, thereby bringing uniformity to Water Boards' regulation of discharges of dredged or fill 
31 material to all waters of the state. The effective date of these Procedures shall be May 28, 2020. 

32 

33 II. Wetland Definition 
34 The Water Boards define an area as wetland as follows: 

35 An area is wetland if, under normal circumstances, ( 1) the area has continuous or recurrent saturation 
36 of the upper substrate caused by groundwater, or shallow surface water, or both; (2) the duration of 
37 such saturation is sufficient to cause anaerobic conditions in the upper substrate; and (3) the area's 
38 vegetation is dominated by hydrophytes or the area lacks vegetation. 

1 [NOTE: Tl\ase Procedures wm b& Incorporated into Iha Waler Quality Control Plans for (1) Inland Surface Waten, En<;iosed &vs and 
es1uanes for wa1ers tor wtlich water qualfty s1anoards are required by tM Federal Water Polllmon Control Act ana acts amenelatory thereof or 
supplementary !hereto ano (2) Ocean Waters of Callfomia. Future incorporafion of the ProcMures. as adoptoo, Into the water quality control 
plans will be C<lnsiderecl non-substantive amendments. Al that time, formatting an<I other organizational edits necessary for ineo<poraUon Into 
tne water quantv oontrol plans wMI be a<lelressed.) 
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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 to include "any surface water or groundwater, 
including saline waters, within the boundaries of the state." 'Waters of the state" includes all "waters of 
the U.S.• 2 The following wetlands are waters of the state: 

1. Natural wetlands. 

2. Wetlands created by modification of a surface water of the state. 3 and 

3. Artificial wetlands" that meet any of the following 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 quality control plan as a wetland or other water of the state; 

c. Resulted from historic human activity, is not subject to ongoing operation and maintenance. 
and has become a relatively pellllanent 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 purposes (i.e., 
the following artificial wetlands are not waters of the state unless they also satisfy lhe criteria 
set forth in 2. 3a, or 3b): 

i. Industrial or municipal wastewater treatment or disposal, 

ii. Settling of sediment, 

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

iv. Treatment of surface waters, 

v. Agricultural crop irrigation or stock watering, 

vi. Fire suppression, 

vii. Industrial processing or cooling, 

viii. Active surface mining - even if the site is managed for interim wetlands functions 
and values, 

: Therefore, watland$ lhat meet the current definition, or any historic deflnlllon, of wat81'$ of the U.S. a~ wafers of the state. In 2000, too Stale 
Water Resources Control Board determined that all waters of the U.S. are also waters of ttie state by regulation, prior to any reg!Jet(lf)' or 
Judicial llml!a1I0ns on the federal definition of waters of lne U.S. (California Code or Regulations tltte 23, seellon 3831(w).) This regulation Ms 
remained in effect desp~e subsequent changes lo the federal definition, Therefore, waters of the state includes feati.res that have been 
detennined by the U.S. Environmental Protection Agency (U.S. EPA) or lhe U.S. Army Corps of Engineers (Corps) 10 be "waters of 1he U.S." 
In an approved Jutlsdlctlonal detennination; ·waters of the U.S." Identified In an aquatic resource report vel1flecl tly the Corps upon wllich a 
permi1tlng decision was based; and features that are eonsislent with any current or historic final judlcial Interpretation of "waters of th& U.S.· or 
any current or historic federal regulation defining ,valers of the U.S.'' under the federal Clean Water Act. 

) ·created by modifica!ion of a s\ufa()e water of the st818" means that the wetland that is being evaluated was created by modifying an area 
that wa& a surface water of the state al th£< lime of such modification. It does not ir.clude e wetland lhat is created in a location where a water 
of the state had ex!s(e(l lllstoncaly, but heel aieeely been completely ellmlnated at some time p<ior to the c1&ation of 1he w,iUand. The wetland 
being evaluate<l d00$ no1 become a water of the state <1ue solely to a diversion of water from a ditterenl wat..-, of II~ state. 

• Artificial wetlands are wetlands that resuh from human activity. 
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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. Ma)(imizing groundwater recharge (this does not include wetlands that have 
incidental groundwater recharge benefits); or 

xii. Fields flooded tor rice growing. 5 

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

74 Ill. Wetland Delineation 
75 The permitting authority shall rely on any wetland area delineation from a final aquatic resource report 
76 verified by the U.S. Army Corps of Engineers (Corps) for the purposes of determining the extent of 
77 wetland waters of the U.S. A delineation of any wetland areas potentially impacted by the project that 
78 are not delineated in a final aquatic resource report verified by the Corps shall be performed using the 
79 methods described in the three federal documents listed below {collectively referred to as "1987 Manual 
80 and Supplements') to determine whether the area meets the state definition of a wetland as defined 
81 above. As described in the 1967 Manual and Supplements, an area "lacks vegetation" if it has less 
82 than 5 percent areal coverage of plants at the peak of the growing season. The methods shall be 
83 modified only to allow for the fact that the lack of vegetation does not preclude the determination of 
84 such an area that meets the definition of wetland. Terms as defined in these Procedures shall be used 
85 if there is conflict with terms in the 1987 Manual and Supplements. 

86 • Environmental Laboratory. 1987. U.S. Army Corps of Engineers Wetlands Delineation 
87 Manual. Technical Report Y-87-1. U.S. Army Engineer Waterways Experiment Station, 
88 Vicksburg, MS. 

89 • U.S. Army Corps of Engineers. 2008. Regional Supplement to the Corps of Engineers 
90 Wetland Delineation Manual: Arid West Region (Version 2.0). ed. J. S. Wakeley, R. W. 
91 Lichvar, and C. V. Noble. ERDC/EL TR-08-28. Vicksburg, MS: U.S. Army Engineer Research 
92 and Development Center. 

93 • U.S. Army Corps of Engineers. 2010. Regional Supplement to the Corps of Engineers 
94 Wetland Delineation Manual: Western Mountains, Valleys, and Coast Region (Version 2.0). 
95 ed. J. S. Wakeley, R. W. Lichvar, and C. V. Noble. ERDCfEL TR-10-3. Vicksburg, MS: U.S. 
96 Army Engineer Research and Development Center. 

~ Fietos usea tor the cuttlVatlon of rice (induaing wikl nee} that t,av,) not ~n 11l>andonw oue to li\le (XIIISecutive years 01 non-use ror tne 
cultivation of nee (Including wild rice) lha1 ere determined to be a water of thEr stat& In ac.coroanee with these Procedures shall 001 have 
beneflclal use designations applied to them through the Water Quality Control Plan for the Sacramento and San Joaquin River Basins. except 
as othefWtse reqUired by federal law for fields 1hat are considered to be 111a1ers of the United States. Ft.rtller. a9rtcuI1ural inpu1s legally applied 
to fields used for the cultivation of rice (including wild rice) shall not constHute a discharge of waste to a water of the state. Agncutural Inputs 
that migrate to a surface water or groundwater may be considered a dischaf{:le of waste and are subject to waste dischallJe requirements or 
waivers of such requirements pursuant to the Wat.,- Board's authOrity lo Issue or waive waste discharge requirements or lake other actions as 
applicable. 
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Procedures for Discharges of Dredged or Fill Material to 

Waters of the State 

97 IV. Procedures for Regulation of Discharges of Dredged or Fill Material to 
98 Waters of the State 

99 The purpose of this section is to establish application procedures for discharges of dredged or fill 
100 material to waters of the state, which includes both waters of the U.S. and non-federal waters of the 
101 state. This section supplements existing state requirements for discharges of dredged or fill material to 
102 waters of the U.S. 6 These Procedures include Appendix A, which contains relevant portions of the 
103 U.S. EPA's Section 404(b)(1) "Guidelines for Specification of Disposal Sites for Dredge or Fill 
104 Material"7 (Guidelines), with minor modifications to make them applicable to the state dredged or fill 
105 program (hereafter State Supplemental Dredge or Fill Guidelines). s This section applies to all 
106 applications for discharges of dredged or fill material to waters of the state submitted after [insert date 
107 that is nine months after approval by the Office of Administrative Law).9 The Procedures do not apply 
108 to applications that are submitted prior to [insert date that is nine months after approval by the Office of 
109 Administrative Law]. 

110 Unless excluded by section IV.D, applicants must file an application with the Water Boards for any 
111 activity that could result in the discharge of dredged or fill material to waters of the state in accordance 
112 with California Code of Regulations, title 23, section 3855.10 This application requirement applies to 
113 new discharges. proposed material changes in the character, location, or volume of existing 
114 discharges, and upon renewal of existing Orders for existing discharges. The permitting authority may 
115 amend an existing Order solely for the purpose of extending the expiration date without requiring a new 
116 application. 

117 The applicant may consult with the Water Boards to determine whether a project could result in a 
118 discharge of dredged or fill material to waters of the state and/or discuss submittals that would meet !he 
119 application requirements listed below. Discharges of dredged or fill material or other waste material to 

6 CafifQmia Code of Re,gulaliOn&. ti\le 23, sections 3830·3869 (s1abfs Clean Water Ac1 (C-/t/A) 6edion 401 (33 USC § 1341) water qualil~ 
certificatioo pr-0grsm) 

'40 C.F.R. § 230. 

& The Slste Supplemental 01edge or Fil Guidelines are included as Appendix A. Because the Slate Supplemental Dredge or fill Guidelines 
are derived directly from 1he U.S. EPA's 404{b)(1) Guldelin&s. h uses sl19hUy different terms Than tenns uwd In secUons I through V of these 
Procedures. The Stale Supplemental Or(Jdge or FIU Guklellnes will be, applied In a manner consisten1 with sadlons I through Vol lhese 
Procedures. 

~ In cases where !he appUcant is II state agency and is acting as the CEQA lead agency for one or more projects otherwise subject to this 
section. and 1hat state agency Is a party to an exl,;ting written agreement (e.g .. memorandum of unoor,;tanding} with the State Water Board 
that s11ts ou1 alternative pr-0cedures end requirements regarding the submission. review. or approve! of P<OJecl 11pplle11lloM. the pem,itting 
autllonty shall apply 1M terms and conditions of tne agreement in lieu of the 1emis aM conditions of tnls $ection. After edoption of these 
Procedures, the State Water Board may also enter lr1to such w~tten agreement& after conskleration at a public meetir19: such an agr*ment 
may include, for example. early consultation regarding potential project epplicat,01"1&, early identification and analysis of project eHematives and 
mitigation measures, and ClispU!e resolu1i0n. Any written agreements. whether eKis!ing or entered into after the ae10ption Qf these Procedures, 
may be amended in writing at any 1:me by joint agreement of the parties, and $\tCh amended agreements shall govern ln lieu of the lenns and 
condttions of this section. All other applicable laws. lnctud!ng requirements for public notice aM c::omment. apply to \he pennlltlng authorittes' 
approval oi projects under such an agreement. 

to Note that Callfom1e Code of Regulations. lllle 23. secllon 3855 applies ooty lo indMdual water quall1y certifications, bu\ these Procedures 
extend the applieation of section 3855 to indi~dual waste dls<:harge requirements for <I schar9es of dredged or fill material to waters of the 
slate and waiwrs lhen!of. 
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Procedures for Discharges of Dredged or Fill Material to 

Waters of the State 

120 areas that are not waters of the state, but that could affect the qualify of waters of the state, may be 
121 addressed under other Water Board regulatory programs. 

122 A. Project Application Submittal for Individual Orders 

123 The requirements set forth in sections IV.A and IV.B apply only to individual orders. Applicants must 
124 submit the items listed in subsection 1 to the permitting authority. In addition, applicants shall consult 
125 with the permitting authority about the items listed in subsection 2. Within 30 days of receiving the 
126 items listed in subsection 1, the pem1itting authority may reQuire the applicant to submit one or more of 
127 the Items in subsection 2 for a complete application. Applicants are encouraged to consult wi1h the 
128 permitting authority to determine the appropriate level of detail for the items in subsections 1 (and 2, if 
129 applicable). Within 30 days of receiving all of the required items, the permitting authority shall determine 
130 whether the application is complete and notify the applicant accordingly. If the applicant's federal 
131 license or permit application includes any of the infonnation required in subsections 1 or 2 below, the 
132 applicant may submit the federal application materials to satisfy the corresponding state application 
133 information. If federal application materials are submitted as part of the state application. the applicant 
134 shall indicate where the corresponding state application information can be found in the federal 
135 application materials. 

136 1. Items Required for a Complete Application 

137 a. All items listed in California Code of Regulations, title 23. section 3856 "Contents of a Complete 
138 Application."11 

139 b. If the Corps requires an aquatic resource delineation report. a copy of the report verified by the 
140 Corps. 

141 c. A delineation of any waters that are not delineated in an aquatic resoun:;e delineation report 
142 verified by the Corps. If such waters include wetlands, the wetlands must be delineated as 
143 described in section Ill. 

144 d. The dates upon which the overall project activity will begin and end, and. if known. the date(s) 
145 upon which the discharge(s} will take place. 

146 e. Map(s) with a scale of at least 1:24000 (1° = 2000') and of sufficient detail to accurately show 
147 (1) the boundaries of the lands owned or to be utilized by the applicant in carrying out the 
148 proposed activity, including the grading limits, proposed land uses, and the location, dimensions 
149 and type of any structures erected {if known} or to be erected and (2) all aqualic resources that 
150 may qualify as waters of the state, within the boundaries of the project. and all aquatic 
151 resources that may qualify as waters of the state outside of the boundary of the project that 
152 could be impacted by the project. A map verified by the Corps may satisfy this requirement if it 
153 includes all potential waters of the state. The pennitting authority may require that the map(s) 
154 be submitted in electronic format (e.g., GIS shapefiles). 

155 f. A description of the waters proposed to be impacted by the dredge or fill activity. The 
156 description should include the beneficial uses as listed in the applicable water quality control 
157 plan; a description of the activity at each individual discharge or dredge location; quantity of 
158 impacts to waters proposed to receive a discharge of dredged or fill material at each location 
159 rounded to at least the nearest one-hundredth (0.01) of an acre, nearest linear foot, and quantity 

11 Note tllat California Coae ofR<1gulati00$, ~ue 23. ,11cti0n 3856 appli<IS only to in<Jiviaual water quality certifications, bUI these ?rooeduras 
extend the 1ppllC11tlon of 8ecilon 3856 lo lndlvl<fual wasle discharge reQUlremeots for dlsd'lal'g<ls of dredged or 1111 rnat<lrtal to wate/8 of the 
state and waivers 1nereof. 
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of impacts to waters proposed to be dredged at each dredging location to the nearest cubic yard 
(as applicable); assessment of potential direct and indirect impacts resulting from the discharge 
or dredging activity and potential mitigation measures for those potential impacts, identification 
of existing water quality impairment(s); the source of water quality impairment(s). if known; and 
the presence of rare, threatened or endangered species12 habitat. 

An alternatives analysis. 13 unless any of the following exemptions apply. The exemption from 
the alternatives analysis requirement does not preclude a permitting authority from requiring the 
applicant to demonstrate in its application that the project complies with section IV.B.1.a. 

i. The project includes discharges to waters of the state outside of federal jurisdiction, l:>ut the 
entire project would meet the terms and conditions of one or more Water Board-certified 
Corps' General Permits, including any Corps District's regional terms and conditions. if all 
discharges were to waters of the U.S. The permitting authority will verify that the entire 
project would meet the terms and conditions of the Corps· General Permit(s) if all 
discharges, including discharges to waters of the state outside of federal jurisdiction, were 
to waters of the U.S. based on information supplied by the applicant. 

Ii. The project includes only discharges to waters of the U.S. and meets the tenns and 
conditions for coverage under an uncertified 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 or 300 linear feet of waters of the state; 

b) rare, threatened, or endangered species habitat in waters of the state; 

c) wetlands or eel grass beds; or 

d) Outstanding National Resource Waters or Areas of Special Biological 
Significance. 

iii. The project would be conducted in accordance with a watershed plan that has been 
approved for use by the permitting authority and analyze<! in an environmental document 
that includes a sufficient alternatives analysis, monitoring provisions, and guidance on 
compensatory mitigation opportunities. 

iv. The project is an Ecological Restoration and Enhancement Project. 

v. The project has no permanent impacts to aquatic resources and no impacts to rare, 
threatened or endangered species habitat in waters of the state, wetlands or eel grass 
beds, Outstanding National Resource Waters or Areas of Special Biological Significance, 

'2 "Rare. lhreatenoo. or enttangered &pe,cieG" as u&ed in the Procedures refer1> 10 plant and animal epeaes listed as rare, threatened, or 
endangeretJ pu1'$1.lanl to lhe Cal!fomla Endangered Speciea NJ. of 1964 (Fish & Game Code.§ 2050 el &eq.), the Nati.-e Plant Proteclion Act 
or 1977 {Fi!lh & Game CO<le. § 1900 et seq.). or thil Federal EnclaflQered Speclea Act of 1973 (16 u.s.c. § 1531 et aeq.). 

""Altemati11es analr-sis" es used in these Procedures refer to the analySis required by section IV.A.1.h and is a means to e<1mply with the 
State Supplemental Dredge or Fill Guidelines. seaion 230.10(a). AA altematlves analySls also may be required In Cfder to comply wnh other 
&ta.Mory or regulatOJy requirement&, 5uch as CEQA or a Regianal Boan:! water quality c.ontrol plan dlschargjJ prohibition. The exemptions aM 
the lien. set fortlt belaw da not affect any altemalilles analysis conducted purwant to another staMory or regulatory re~uirement. To the 
e,rtent that 1he petmilling authori1y i$ adir19 as lhe lead agency ur1der CEOA. ii may be necessary for Ille perrnitli'l9 authority la conduct 
further analysl~ to comply with CEOA. 
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and all implementation actions in the restoration plan can reasonably be concluded within 
one year. 

h. If none of the above exemptions apply, the applicant must submit an alternatives analysis 
consistent with the requirements of section 230.10 of the State Supplemental Dredge or Fill 
Guidelines that allows the permitting authority to determine whether the proposed project is the 
Least Environmentally Damaging Practicable Alternative (LEDPA). If the applicant submitted 
information 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. Alternatives analyses shall be completed in 
accordance with the following tiers. The level of effort required for an alternatives analysis 
within each of the three tiers shall be commensurate with the significance of the impacts 
resulting from the discharge. 14 

i. Tier 3 projects include any discharge of dredged or fill material that directly impacts more 
than two-tenths (0.2) of an acre or 300 linear feet of waters of the state, rare, threatened or 
endangered species habitat in waters of the state, wetlands or eel grass beds, or 
Outstanding National Resource Waters or Areas of Special Biological Significance, and is 
not a project that inherently cannot be located at an alternate location. Tier 3 projects shall 
provide an analysis of off-site and on-site alternatives. 

ii. Tier 2 projects include any discharge of dredged or fill material that directly impacts more 
than one tenth (0.1) and less than or equal to two tenths (0.2) of an acre or more than 100 
and less than or equal to 300 linear feet of waters of the state unless it meets the criteria 
for a Tier 3 project, or any project that inherently cannot be located at an alternate location 
(unless it meets the size requirements set forth in Tier 1). Tier 2 projects shall provide an 
analysis or only on-site alternatives. For routine operation and maintenance of existing 
facilities, analysis of on-site alternatives is limited to operation and maintenance 
alternatives for the facility. 

iii. Tier 1 projects include any discharge of dredged or fill material that directly impacis 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 
significant adverse Impacts to, beneficial uses of waters of the state. 

Additional Information Required for a Complete Application 

a. If required by the permitting authority on a case-by-case basis, supplemental field data from the 
wet season to substantiate dry season detineations, as is consistent with the 1987 Manual and 
Supplements. 

b. If compensatory mitigation is required by the permitting authority, on a case-by-case basis, a 
draft compensatory mitigation plan developed using a watershed approadl containing the items 
listed below. Compensatory mitigation plans are not required for Ecological Restoration and 
Enhancement Projects. For permittees who Intend to fulfill their compensatory mitigation 

,. As used below. 'impac1s" il\clude both pennanent and temporaiy Impacts. 
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231 obligations by securing credits from approved mitigation banks or in-lieu fee programs. their 
232 mitigation plans need include only Items i, ii, and iii, as described below, as well as information 
233 required in the State Supplemental Dredge or Fill Guidelines, section 230.94 (c)(S) and (c)(&), 
234 and the name of the specific mitigation bank or in-lieu fee program proposed to be used. 

235 Draft compensatory mitigation plans shall comport with the State Supplemental Dredge or Fill 
236 Guidelines. Subpart J. and include the items listed below. 

237 i. A watershed profile for the projeet evaluation area for both the proposed dredged or fill 
238 project and the proposed compensatory mitigation project. 

239 ii. An assessment of the overall condition of aquatic resources proposed to be impacted by 
240 the project and their likely stressors, using an assessment method approved by the 
241 permitting authority. 

242 iii. A description of how the project impacts and compensatory mitigation would not cause a 
243 net loss of the overall abundance, diversity, and condition of aquatic resources. based on 
244 the watershed profile. If the compensatory mitigation is located in the same watershed as 
245 the project, no net loss will be determined on a watershed basis. If the compensatory 
246 mitigation and project impacts are located in multiple watersheds, no net loss will be 
24 7 determined considering all affected watersheds collectively. The level of detail in the plan 
248 shall be sufficient to accurately evaluate whether compensatory mitigation offsets the 
249 adverse impacts attributed to a project. 

250 iv. Preliminary Information about ecological performance standards, monitoring, and long-term 
251 protection and management, as described in the State Supplemental Dredge or Fill 
252 Guidelines. 

253 v. A timetable for implementing the compensatory mitigation plan. 

254 vi. If the compensatory mitigation plan includes buffers, design criteria and monitoring 
255 requirements for those buffers. 

256 vii. If the compensatory mitigation involves restoration or establishment as the form of 
257 mitigation, applicants shall notify, as applicable, state and federal land management 
258 agencies, airport land use commission, fire control districts, flood control districts, local 
259 mosquito-vector control district(s), and any other interested local entities prior to initial site 
260 selection. These entities should be notified as early as possible during the initial 
261 compensatory mitigation project design stage. 

262 viii. If required by the permitting authority, an assessment of reasonably foreseeable impacts to 
263 the compensatory mitigation associated with climate change, and any measures to avoid 
264 or minimize those potential impacts. 

265 c. If required by the permitting authority on a case-by-case basis, if project activities Include in-
266 water work or water diversions, a proposed water quality monitoring plan to monitor compliance 
267 with water quality objectives of the applicable water quality control plan. At a minimum. the plan 
268 should include type and frequency of sampling for each applicable parameter. 

269 d. In all cases where temporary Impacts are proposed, a draft restoration plan that outlines design, 
270 implementation, assessment, and maintenance for restoring areas of temporary impact to pre• 
271 project conditions. The design components shall include the objectives of the restoration plan; 
272 grading plan of disturbed areas lo pre-project contours; a planting palette with plant species 
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273 native to the area; seed collection locations; and an invasive species management plan. The 
274 implementation component shall include all proposed actions to implement the plan (e.g., re-
275 contouring. initial planting, site stabilization. removal of temporary structures) and a schedule for 
276 completing those actions. The maintenance and assessment components shall include a 
277 description of performance standards used to evaluate attainment of objectives; the timeframe 
278 for determining attainment of performance standards; and maintenance requirements (e.g., 
279 watering, weeding, replanting and invasive species control). If temporary impacts are proposed 
280 to be restored through passive restoration, the draft restoration plan shall include an explanation 
281 of how passive restoration will restore the area to pre-project conditions, assessment 
282 components, and an estimated date for expected restoration. The level of detail in the 
283 restoration plan shall be sufficient lo accurately evaluate whether the restoration addresses the 
284 adverse temporary Impacts attributed to a project. The applicant shall submit a final restoration 
285 plan that describes the restoration of all temporarily disturbed areas to pre-project conditions, 
286 oonsistent with section IV.B.4. 

287 For Ecological RestOfation and Enhancement Projects. a restoration plan for temporary impacts 
288 provided as part of the binding stream or wetland enhancement or restoration agreement or 
289 wetland establishment agreement may satisfy this requirement. 

290 e. For all Ecological Restoration and Enhancement Projects, a draft assessment plan including the 
291 following: project objectives; description of performance standards used to evaluate attainment 
292 of objectives: protocols for condition assessment; the tlmeframe and responsible party for 
293 perfonning condition assessment; and assessment schedule. A draft assessment plan shall 
294 provide for at least one assessment of the overall condition of aquatic resources and their likely 
295 stressors, using an appropriate assessment method approved by the permitting authority, prior 
296 to restoration and/or enhancement and two years following restoration and/or enhancement to 
297 determine success of the restoration and/or enhancement. An assessment plan approved by a 
296 federal or state resource agency, or a local agency with the primary function of managing land 
299 or water for wetland habitat purposes in ac.cordance with a binding stream or wetland 
300 enhancement agreement, restoration agreement, or establishment agreement, will satisfy these 
301 requirements. An assessment plan approved by a non-governmental conservation organization 
302 or a state or federal agency that is statutorily tasked with natural resource management may 
303 satisfy some or all of these requirements. 

304 B. Permitting Authority Review and Approval of Applications for Individual Orders 
305 1. The permitting authority will evaluate the potential impacts on the aquatic environment from the 
306 proposed project and determine whether the proposed project complies with these Procedures. 
307 The permitting authority has the discretion to approve a project only if the applicant has 
308 demonstrated the following: 

309 a. A sequence of actions has been taken to first avoid, then to minimize, and lastly oompensate for 
310 adverse impacts that cannot be practicably avoided or minimized to waters of the state; 

311 b. The potential impacts will not contribute to a net loss of the overall abundance, diversity, and 
312 condition of aquatic resources in a watershed (or multiple watersheds when compensatory 
313 mitigation is permitted in another watershed as set forth in section IV.B.S(d}); 

314 c. The discharge of dredged or fill material will not violate water quality standards and will be 
315 consistent with all applicable water quality control plans and policies for water quality control; 
316 and 

317 d. The discharge of dredged or fill material will not cause or contribute to significant degradation of 
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318 the waters of the state. 

319 2. The permitting authority shall rely on any final aquatic resource report verified by the Corps to 
320 determine boundaries of waters of the U.S. For all other wetland area delineations, the permitting 
321 authority shall review and approve delineations that are performed using the methods described in 
322 section Ill. 

323 3. Alternatives Analysis Review Requirements: 

324 a. The purpose of the alternatives analysis is to identify the LEDPA. The permitting authority will 
325 be responsible for determining the sufficiency of an alternatives analysis except as described in 
326 3(b} below. In all cases, the alternatives analysis must establish that the proposed project 
327 alternative is the LEDPA in light of all potential direct, secondary {indirect), and cumulative 
328 impacts on the physical, chemical, and biological elements of the aquatic ecosystem. 

329 b. Discharges to waters of the U.S. 

330 In reviewing and approving the alternatives analysis for discharges of dredged or fill material 
331 that impact waters of the U.S., the permitting authority shall defer to the Corps' determinations 
332 on the adequacy of the alternatives analysis, or rely on a draft alternatives analysis if no final 
333 determination has been made, unless the Executive Officer or Executive Director determines 
334 that ( 1) the permitting authority was not provided an adequate opportunity to collaborate in the 
335 development of the alternatives analysis. (2) the alternatives analysis does not adequately 
336 address aquatic resource issues identified in writing by the Executive Officar or Executive 
337 Director to the Corps during the development of the alternatives analysis, or (3) the proposed 
338 project and all of the identified alternatives would not comply with water quality standards. 

339 If the project also includes discharges to waters of the state outside of federal jurisdiction, the 
340 permitting authority shall require the applicant to supplement the alternatives analysis to include 
341 waters of the state outside of federal jurisdiction unless the applicant has consulted with the 
342 permitting authority and the altematives analysis addresses all issues identified by the 
343 permitting authori1y during the consultation process. If an alternatives analysis Is not required 
344 by the Corps for discharges of dredged or fill material to waters of the U.S., the permitting 
345 authority shall require an alternatives analysis for the entire project in accordance with the State 
346 Supplemental Dredge or Fill Guidelines, unless the project is exempt under section IV.A.1 (g} 
347 above. 

348 The permitting authority shall not apply the presumption set forth in the State Supplemental 
349 Dredge or Fill Guidelines, section 230.1 0(a)(3} to any non-vegetated waters of the U.S. that the 
350 Corps does not classify as a special aquatic site {as defined In subpart E of U.S. EPA's section 
351 404(b)(1) Guidelines). 

352 4. Prior to or concurrent with issuance of the Order, the permitting authority will approve the final 
353 restoration plan for temporary impacts. Generally, the permitting authority will approve the final 
354 restoration plan when it issues the Order. The permitting authori1y may approve the final restoration 
355 plan after ii issues the Order. In such cases the permitting authority shall include as a condition of 
356 the Order that the applicant receive approval of the final restoration plan prior to initiating the 
357 temporary impacts and shall specify a process for approving the final restoration plan. 

358 5. Compensatory Mitigation 

359 a. Compensatory mitigation, in accordance with the State Supplemental Dredge or Fill Guidelines, 
360 Subpart J, may be required to ensure that an activity complies with these Procedures. 
361 Consistent with section 230.93(a)(2) of the State Supplemental Guidelines, subject to the 
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362 permitting authority's approval, compensatory mitigation may be performed using methods of 
363 restoration, enhancement, establishment, and in certain circumstances preservation. 
364 Restoration should generally be the first option considered because the likelihood of success is 
365 greater and the impacts to potentially ecologically important uplands are reduced compared to 
366 establishment, and the potential gains in terms of aquatic resource functions are greater, 
367 compared to enhancement and preservation. 

368 b. \/Vhere feasible. the permitting authority will consult and coordinate with any other public 
369 agencies that have concurrent mitigation requirements in order to achieve multiple 
370 environmental benefits with a single mitigation project, thereby reducing the cost of compliance 
371 to the applicant. 

372 c. Amount: The amount of compensatory mitigation will be determined on a project-by-project 
373 basis in accordance with State Supplemental Dredge or Fill Guidelines, section 230.93{f). The 
374 permitting authority may take into account recent anthropogenic degradation to the aquatic 
375 resource and the potential and existing functions and conditions of the aquatic resource. The 
376 permitting authority may reduce the amount of compensatory mitigation if buffer areas adjacent 
377 to the compensatory mitigation are also requireo to be maintained as part of the compensatory 
378 mitigation management plan. The amount of compensatory mitigation required by the 
379 permitting authority will vary depending on which of the following strategies the applicant uses to 
380 locate the mitigation site wi1hin a watershed. 

381 Strategy 1: Applicant locates compensatory mitigation using a watershed approach based on a 
382 watershed proflle developed from a watershed plan that: (1) has been approved for use by the 
383 permitting authority and analyzed in an environmental document, (2) includes monitoring 
384 provisions, and (3} includes guidance on compensatory mitigation opportunities. 

385 Strategy 2: Applicant locates compensatory mitigation using a waterwed approach based on a 
386 watershed profile developed for a project evaluation area, and demonstrates that the mitigation 
387 project will contribute to the sustainability of watershed functions and the overall health of the 
388 watershed area's aquatic resources. 

389 Generally, the amount of compensatory miti9ation required under Strategy 1 will be less than 
390 the amount of compensatory mitigation required under Strategy 2 since the level of certainty 
391 that a compensatory mitigation project will meet its performance standards increases if the 
392 compensatory mitigation project complies with a watershed plan as described above. Certainty 
393 increases when there is a corresponding increase in understanding of watershed conditions, 
394 which Is increased when using a watershed plan as described above to determine 
395 compensatory mitigation requirements. 

396 A minimum of one-to-one mitigation ratio, 15 measured as area or length, is required to 
397 compensate for wetland or stream losses when compensatory mitigation is required. Subject to 
398 the permitting authority's approval, the ratio may be satisfied using any of the methods identified 
399 in section IV.B.5(a). A higher overall mitigation ratio shall be used where necessary to ensure 
400 replacement of lost aquatic resource functions, as described in the State Supplemental Dredge 
401 or Fill Guidelines, section 230.93(f). Where temporary impacts will be restored to pre-project 
402 conditions, the permitting authority may require compensatory mitigation for temporal loss from 
403 the temporary impacts. 

,s F0< temporary impacts. th~ minimum one-to-one mitigation ratio ror wetlancl or stream losses is not applicable for temporal losses for 
impads tllat ar& fully restored to pre-project oondttions. 
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404 d. Type and Location: The permitting authority will evaluate the applicant's proposed mitigation 
405 type and location based on the applicant's use of a watershed approach based on a watershed 
406 profile. The permitting authority will determine the appropriate type and location of 
407 compensatory mitigation based on watershed conditions, impact size. location and spacing, 
408 aquatic resource values, relevant watershed plans, and other considerations. 

409 In general, the required compensatory mitigation should be located within the same watershed 
410 as the impact site, but the pennitting authority may approve compensatory mitigation in a 
411 different watershed. For example, if a proposed project may affect more than one watershed, 
412 then the permitting authority may determine that locating all required project mitigation in one 
413 area is ecologically preferable to requiring mitigation within each watershed. 

414 e. Final Compensatory Mitigation Plan: The permitting authority will review and approve the final 
415 compensatory mitigation plan submitted by the applicant to ensure mitigation comports with the 
416 State Supplemental Dredge or Fill Guidelines, Water Code requirements, applicable water 
417 quality standards, and other appropriate requirements of state law. The level of detail in the 
418 final plan shall be sufficient to accurately evaluate whether oompensatory mitigation offsets the 
419 adverse Impacts attributed to a project considering the overall size and scope of impact. The 
420 compensatory mitigation plan shall be sufficient to provide the permitting authority with a 
421 reasonable assurance that replacement of the full range of lost aquatic resource(s) and/or 
422 functions will be provided in perpetuity. 

423 Generally, the permitting authority will approve the final compensatory mitigation plan when it 
424 issues the Order. Where compliant with CEQA, the permitting authority may approve the final 
425 compensatory mitigation plan after It Issues the Order. In such cases the permitting authority 
426 sha11 include as a condition of the Order that the applicant receive approval of the final mitigation 
427 plan prior to discharging dredged or fill material to waters of the state and shall specify a 
428 process for approving the final mitigation plan. 

429 f. Financial Security: Where deemed necessary by the permitting authority, provision of a 
430 financial security (e.g., letter of credit or performance bond) shall be a condition of the Order. In 
431 this case, the permitting authority will approve the financial security to ensure compliance with 
432 compensatory mitigation plan requirements. The financial security shall be in a form consistent 
433 with the California Constitulion and state law. 

434 g. Term of Mitigation Obligation: The permitting authority may specify in the Order the conditions 
435 that must be met in order for the permitting authority to release the permittee from the mitigation 
436 obligation, including compensatory mitigation performance standards and long-term 
437 management funding obligations. 

438 6. The permitting authority shall provide public notice in aceordance with Water Code section 13167.5 
439 for waste discharge requirements. The permitting authority shall provide public notice of an 
440 application for water quality certification In accordance with California Code of Regulations, title 23, 
441 section 3858. If the permitting authority receives comments on the application or there is 
442 substantial public interest in the project, the permitting authority shall also provide public notice of 
443 the draft Order, or draft amendment of the Order, unless circumstances warrant otherwise. 

444 7. The permitting authority will review and approve the final monitoring and reporting requirements for 
445 all projects. Monitoring and reporting may be required to demonstrate compliance with the terms of 
446 the Order. 

447 C. General Orders 
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448 Discharges of dredged or fill material to waters of the state that are regulated under a general order are 
449 not subject to the requirements set forth in sections IV.A and IV.B. Applicants applying to enroll under a 
450 general order shall follow the instructions specified in the general order for obtaining coverage. 

451 The permitting authority may issue general orders for specific classes of dredged or fill discharge 
452 activities that are similar; Involve the same or similar types of discharges and possible adverse impacts 
453 requiring the same or slmllar conditions or limitations in order to alleviate potential adverse Impacts lo 
454 water quality; and are determined by the permitting authority to more appropriately be regulated under 
455 a general order rather than under an Individual Order. 

456 General orders shall be reviewed. noticed, and issued in accordance with the applicable requirements 
457 of division 7 of the Water Code and the California Code of Regulations, division 3 of title 23. 

458 0. Activities and Areas Excluded from the Application Procedures for Regulation of 
459 Discharges of Dredged or Fill Material to Waters of the State 

460 The application procedures specified in sections IV.A and IV.B do not apply to proposed discharges of 
461 dredged or fill material to waters of the state from the following activities 16 or to the following areas. 
462 These exclusions do not, however, affect the Water Board's authority to issue or waive waste discharge 
463 requirements (WDRs} or take other actions for the following activities or areas to the extent authorized 
464 by the Water Code. 

465 1. Activities excluded from application prooedures in sections IV.A and IV.B: 

466 a. Activities that are exempt under CWA section 404(f) (33 USC § 1344(1)). 17 The permitting 
467 authority shall use 33 CFR 323.4 (1986) and 40 CFR 232.3 (1988) to determine whether certain 
468 activities are exempt under CWA section 404(1). These regulations are hereby incorporated by 
469 reference and shall apply to all waters of the state. Consistent with CWA section 404(0(2) and 
470 40 CFR section 232.3, any discharge of dredged or fill material to a water of the state incidental 
471 to any of these activities is not exempt under CWA section 404(f) and shall be subject to the 
472 application procedures set forth in sections IV.A and IV.B, if (1} the purpose of the activity is 
473 bringing a water of the state into a use to which it was not previously subject, where the flow or 
4 7 4 circulation of water of the state may be Impaired or the reach of such waters be reduced, or (2) 
475 the discharge contains any toxic pollutant listed In CWA section 307. 

476 b. Suction dredge mining activities for mineral recovery regulated under CWA section 402. 

477 c. Routine and emergency operation and maintenance activities conducted by public agencies, 
478 water utilities, or special districts that result in discharge of dredged or fill material to artificial, 
479 existing waters of the state: 

480 
481 

482 
483 

i. currently used and maintained primarily for one or mOl'e of the purposes listed in section 
11.3.d. (ii), (iii), (iv), (x). or (xi); or 

ii. for the purpose of preserving the line, grade, volumetric or flow capacity within the 
existing footprint of a flood control or stormwater conveyance facility. 

484 This exclusion does not relieve public agencies, water utilities or special districts of their 

•• Nole that not all activities Identified fl this section ne<:essa~ly result In cl&charges of dredged or flll rnatertat 10 waters of the state. 

17 Unless o1h8!Wiae s~cifi&d. all fed8f8I statutes and regulations that are incorporated by reference into these Procedures are the ve(Siom of 
those federal statutes and regulaUons thst 8r11 In effe~ as of A/)(112. 2019. 
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485 obligation to submit an application for a waler quality certification consistent with California 
486 Code of Regulations, title 23, section 3856 or waste discharge requirements consistent with 
487 Water Code section 13260, whichever is applicable, to the permitting authority for these 
488 activities; or their responsibility to avoid and minimize adverse impacts to aquatic resources and 
489 beneficial uses from these activities. The permitting authority has full discretion to determine 
490 whether an activity described above qualifies for this exclusion based on the application 
491 submitted and other relevant infonnation. If the pennitting authority determines that an activity 
492 qualifies for this exclusion, the pet"mitting authority retains full authority and discretion under the 
493 Porter-Cologne Water Quality Control Act to determine how to regulate the discharge of 
494 dredged or fill material. Where a permitting authority has already determined it appropriate to 
495 regulate these types of activities in specific instances, this exclusion in no way disturbs or limits 
496 the permitting authority's current regulation of these types of activities. This exclusion does not 
497 apply to the discharge of dredged or fill material to a water of the state approved by an agency 
498 as compensatory mitigation. 

499 d. Routine operation and maintenance activities that result in discharge of dredged or fill material 
500 to artificially-created waters currently used and maintained primarily for one or more of the 
501 purposes listed in section 11.3.d. (i), (ii), (iii), (vi), (vii), (x). or (xi). This exclusion does not apply 
502 to the discharge of dredged or fill material to (a) a water of the U.S., {b) a water specifically 
503 identified in a water quality control plan, (c) a water created by modification of a water of the 
504 state, or (d) a water approved by an agency as compensatory mitigation. 

505 2. Areas excluded from application procedures in sections IV.A and IV.B: 

506 a. Wetland areas that qualify as prior converted cropland (PCC) within the meaning of 33 CFR 
507 section 328.3(b)(2). The applicant may establish that the area is PCC by providing relevant 
508 documentary evidence that the area qualifies as PCC and has not been abandoned due to five 
509 consecutive years of non-use for agricultural purposes. or by providing a current PCC 
510 certification by the Natural Resources Conservation Service, the Corps, or the U.S. EPA to the 
511 permitting authority. 

512 b. Wetlands that are, or have been, in rice cultivation (including wild rice) within the last five years 
513 as of April 2, 2019 and have not been abandoned due to five consecutive years of non-use in 
514 rice production. 

515 c. The following features used for agricultural purposes: 

516 
517 

518 
519 
520 
521 
522 

523 
524 

i. Ditches with ephemeral flow that are not a relocated water of the state or excavated in a 
water of the state; 

ii. Ditches with intermittent flow that are not a relocated water of the state or excavated in a 
water of the state, or that do not drain wetlands other than any wetlands described in 
sections (iv) or (v); 

iii. Ditches that do not flow, either directly or through another water, into another water of 
the state; 

iv. Artificially irrigated areas that would revert to dry land should application of waters to that 
area cease; or 
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525 v. Artificial. constructed lakes and ponds created in dry land such as farm and stock 
526 watering ponds, irrigation ponds, and settling basins. 

527 The exclusions in section IV.O.2 do not apply to discharges of dredged or fill material that convert 
528 wetland areas to a non-agricultural use. 

529 For requests for approvals from the Division of Water Rights for activities associated with (1} an 
530 appropriation of water subject to Part 2 (commencing with section 1200) of Division 2 of the Water 
531 Code, (2) a hydroelectric facility where the proposed activity requires a Federal Energy Regulatory 
532 Commission {FERC) license or amendment to a FERC license. or (3) any other diversion of water for 
533 beneficial use where approval by the Division of Water Rights is required, the Division of Waler Rights 
534 will inform the applicant whether the application procedures in sections IV.A and IV.B will apply to the 
535 application. 

536 V. Definitions 
537 The following definitions apply to these Procedures, including the State Supplemental Dredge or Fill 
538 Guidelines. Unless otherwise indicated, any term that is not defined in these Procedures shall have the 
539 same meaning as defined in Water Code section 13050, and title 23, section 3831 of the California 
540 Code of Regulations. 

541 Abundance means an estimate of the amount of aquatic resources by type in a watershed area, and 
542 what types of aquatic resources are most and least prevalent. 

543 Active Surface Mining means operations that, in accordance with Division 2, Chapter 9 of the Surface 
544 Mining and Reclamation Act of 1975, have an approved reclamation plan. and for which reclamation 
545 has not been certified as complete by the local lead agency with the concurrence of the Department of 
546 Conservation. 

54 7 Alternatives Analysis is the process of analyzing project alternatives, including the proposed project, 
548 to determine the alternative that is the least environmentally damaging practicable alternative (LEDPA). 

549 Application means a written request, including a report of waste discharge or request for water quality 
550 certification, for authorization of any activity that may result in the discharge of dredged or fill material 
551 and is subject to these Procedures. 

552 Discharge of Dredged or Fill Material shall have the same meanings as they are used in the federal 
553 Clean Water Act and 40 CFR section 232.2, but (1} shall include discharges to waters of the state that 
554 are not waters of the U.S. and (2) any demonstrations described in 40 CFR section 232.2(3)(i) shall be 
555 made to the permitting authority instead of the Corps or U.S. EPA. Placement of dredged or fill material 
556 in a manner that could not affect the quality of waters of the state is not considered a discharge of 
557 dredged or fill material. 

558 Diversity means the relative proportion of aquatic resource types, classification, connectivity. and 
559 spatial distribution in a watershed area. 

560 Ecological Restoration and Enhancement Project means the project is voluntarily undertaken for the 
561 purpose of assisting or controlling the recovery of an aquatic ecosystem that has been degraded, 
562 damaged or destroyed to restore some measure of its natural condition and to enhance the beneficial 
563 uses, including potential beneficial uses of water. 

564 Such projects are undertaken: 
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565 1) in accordance with the terms and conditions of a binding stream or wetland enhancement or 
566 restoration agreement, or a wetland establishment agreement. between the real property 
567 interest owner or the entity conducting the habitat restoration or enhancement work and: 

568 a. a federal or state resource agency, including, but not limited to, the U.S. Fish and 
569 Wildlife Service, Natural Resources Conservation Service, Farm Service Agency, 
570 National Marine Fisheries Service, National Oceanic and Atmospheric Administration, 
571 U.S. Forest Service, U.S. Bureau of Land Management, California Department of Fish 
572 and Wildlife, California Wildlife Conservation Board, California Coastal Conservancy or 
573 the Delta Conservancy; 

574 b. a local agency with the primary function of managing land or water for wetland habitat 
575 purposes;or 

576 c. a non-governmental conservation organization; or 

577 2) by a state or federal agency that is statutorily tasked with natural resource management. 

578 These projects do not include the conversion of a stream or natural wetland to uplands or stream 
579 channelization. It is recognized that Ecological Restoration and Enhancement Projects may require 
580 ongoing maintenance or management to maximize fish, wildlife, habitat, or other ecological benefits, or 
581 filling gullied stream channels and similar rehabilitative activities to re-establish stream and meadow 
582 hydrology. Changes in wetland plant communities that occur when wetland hydrology is more fully 
583 restored during rehabilitation activities are not considered a conversion to another aquatic habitat type. 
584 These projects also do not include actions required under a Water Board Order for mitigation, actions to 
585 service required mitigation, or actions undertaken for the primary purpose of land development. 

586 Environmental Document means a document prepared for compliance with the California 
587 Environmental Quality Act (CEQA) or the National Environmental Policy Act (NEPA). 

588 Hydrophyte means any macrophyte that grows in water or on a substrate that is at least periodically 
589 deficient in oxygen as a result of excessive water content; plants typically found in wet habitats. 

590 LEDPA means the least environmentally damaging practicable alternative. The determination of 
591 practicable alternatives shall be consistent with the State Supplemental Dredge or Fill Guidelines, 
592 section 230.10(a). 

593 Normal Circumstances is the soil and hydrologic conditions that are normally present, without regard 
594 to whether the vegetation has been removed. The determination of whether normal circumstances 
595 exist in a disturbed area involves an evaluation of the extent and relative permanence of the physical 
596 alteration of wetland hydrology and hydrophytic vegetation, and consideration of the purpose and cause 
597 of the physical alterations to hydrology and vegetation. 

598 Order means waste discharge requirements, waivers of waste discharge requirements, or water quality 
599 certification. 

600 Permitting Authority means the entity or person issuing the Order (i.e., the applicable Water Board, 
601 Executive Director or Executive Officer. or his or her designee). 

602 Project means the whole of an action that includes a discharge of dredged or fill material to waters of 
603 the state. 

604 Project Evaluation Area means an area that includes the project impact site, and/or the compensatory 
605 mitigation site, and is sufficiently large to evaluate the effects of the project and/or the compensatory 
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606 mitigation on the abundance, diversity, and condition of aquatic resources in an ecologically meaningful 
607 unit of the watershed. The size and location of the ecologically meaningful unit shall be based on a 
608 reasonable rationale. 

609 Water Boards mean any of the nine Regional Water Quality Control Boards, the State Water 
610 Resources Control Board, or all of them collectively. 

611 Watershed means a land area that drains to a common waterway, such as a stream, lake, estuary, 
612 wetland, or ultimately the ocean. 

613 Watershed Approach means an analytical process for evaluating the environmental effects of a 
614 proposed project and making decisions that support the sustainability or improvement of aquatic 
615 resources in a watershed. The watershed approach recognizes that the abundance, diversity, and 
616 condition of aquatic resources in a watershed support beneficial uses. Diversity of aquatic resources 
617 includes both the types of aquatic resources and the locations of those aquatic resources in a 
618 watershed. Consideration is also given to understanding historic and potential aquatic resource 
619 conditions, past and projected aquatic resource impacts in the watershed, and terrestrial connections 
620 between aquatic resources. The watershed approach can be used to evaluate avoidance and 
621 minimization of direct, secondary (indirect), and cumulative project impacts. It also can be used in 
622 determining compensatory mitigation requirements. 

623 Watershed Plan means a document, or a set of documents, developed in consultation with relevant 
624 stakeholders, a specific goal of which is aquatic resource restoration, establishment, enhancement, and 
625 preservation within a watershed. A watershed plan addresses aquatic resource conditions in (he 
626 watershed, multiple stakeholder interests, and land uses. Watershed plans should include information 
627 about implementing the watershed plan. Watershed plans may also identify priority sites for aquatic 
628 resource restoration and protection. Examples of watershed plans include special area management 
629 plans, advance identification programs. and wetland management plans. The permitting authority may 
630 approve the use of other plans, including for example. Habitat Conservation Plans (HCPs), Natural 
631 Community Conservation Plans (NCCPs), or municipal stormwater permit watershed management 
632 programs as watershed plans, if they substantially meet the stated above. Any NCCP approved by the 
633 California Department of Fish and Wildlife before December 31, 2020, and any regional HCP approved 
634 by the United States Fish and Wildlife Service before December 31, 2020, which includes biological 
635 goals for aquatic resources, shall be used by the permitting authority as a watershed plan for such 
636 aquatic resources, unless the permitting authority determines in writing that the HCP or NCCP does not 
637 substantially meet the definition of a watershed plan for such aquatic resources. 

638 Watershed Profile means a compilation of data or information on the abundance, diversity, and 
639 condition of aquatic resources in a project evaluation area. The watershed profile shall include a map 
640 and a report characterizing the location. abundance and diversity of aquatic resources in the project 
641 evaluation area, assessing the condttion of aquatic resources in the project evaluation area. and 
642 describing the environmental stress factors affecting that condition. 

643 The watershed profile shall include information sufficient to evaluate direct, se<;ondary (indirect), and 
644 cumulative impacts of project and factors that may favor or hinder the success of compensatory 
645 mitigation projects and help define watershed goals. It may include such things as current trends in 
646 habitat loss or conservation, cumulative impacts of past development activities, current development 
64 7 trends, the presence and need of sensitive species, and chronic environmental problems or site 
648 conditions such as flooding or poor water quality. 

649 The scope and detail of the watershed profile shall be commensurate with the magnitude of impact 
650 associated with the proposed project. Information sources include online searches, maps, watershed 
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651 plans, and possibly some fieldwork if necessary. In some cases, field data may need to be collected in 
652 the project evaluation area to confirm the reported condition. Some or all of the information may be 
653 obtained from a watershed plan. Watershed profiles for subsequent projects in a watershed can be 
654 used to track the cumulative effectiveness of lhe permitting authority's decisions. 

655 Wetland Delineation means the application of a technical and procedural method to identify the 
656 boundary of a wetland area within a specified study site by identifying the presence or absence of 
657 wetland indicators at multiple points at the site and by establishing boundaries that group together sets 
658 of points Chat share the same status as wetland versus non-wetland. 
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659 Appendix A: State Supplemental Dredge or Fill Guidelines 

660 It is the intent of the Water Boards to be consistent with the U.S. EPA's 404(b)(1) Guidelines wh.ere 
661 feasible. Due to jurisdictional and proceoural differences, some modifications to the U.S. EPA's 
662 404(b)(1) Guidelines were necessary. Generally, these changes or deletions were made to reduce 
663 redundancy (especially where sufficiently described elsewhere in these Procedures) and to account for 
664 other state requirements. Note that the numbering scheme of the U.S. EPA's 404(b)(1) Guidelines has 
665 been retained in these State Supplemental Dredge or Fill Guidelines for the benefit of practitioners who 
666 are familiar with the U.S. EPA's 404(b}(1} Guidelines. The State Supplemental Dredge or Fill 
667 Guidelines describe how the Water Boards will implement the U.S. EPA's 404(b)(1) Guidelines under 
668 these Procedures. The definitions contained herein apply to these Procedures, including the State 
669 Supplemental Dredge or Fill Guidelines. 

670 Subpart A - General 

671 § 230.3 Definitions. 

672 For purposes of these Procedures, the following terms shall have the meanings indicateo: 

673 (c) The terms aquatic environment and aquatic ecosystem mean waters of the state, including 
674 wetlands, that serve as habitat for interrelated and interacting communities and populations of 
675 plants and animals. 

676 (h) The term discharge point means the point within the disposal site at which the dredged or fill 
677 material is released. 

678 (i) The term disposal site means that portion of the ''waters of the state" where the discharge of 
679 dredged or fill material is permitted and involves a bottom surface area and any overlying volume of 
680 water. In the case of wetlands or ephemeral streams on which surface water is not present, the 
681 disposal site consists of the wetland or ephemeral stream surface area. 

682 (k) The term extraction site means the place from which the dredged or fill material propose<! for 
683 discharge is to be removed. 

684 (n) The term permitting authority means as defined above in the main text of these Procedures. 

685 (q) The term practicable means available and capable of being done after taking into consideration 
686 cost, existing technology, and logistics in light of overall project purposes. 

687 (q1) Special aquatic sites means those sites identified in subpart E. Special aquatic sites are 
688 geographic areas, large or small, possessing special ecological characteristics of productivity, 
689 habitat, wildlife protection, or other important and easily disrupted ecological values. These areas 
690 are generally recognized as significantly influencing or positively contributing to the general overall 
691 environmental health or vitality of the entire ecosystem of a region. (See§ 230.1 0 (a){3)) 

692 § 230.6 Adaptability 

693 (a) The manner in which 1hese Guidelines are used depends on the physical, biological. and 
694 chemical nature of the proposed extraction site. the material to be discharged, and the candidate 
695 disposal site, including any other important components of the ecosystem being evaluated. 
696 Documentation to demonstrate knowledge about the extraction site, materials to be extracted, and 
697 the candidate disposal site is an essential component of guideline application. These Guidelines 
698 allow evaluation and documentation for a variety of activities, ranging from those with large, 
699 complex impacts on the aquatic environment to those for which the impact is likely to be innocuous. 
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700 It is unlikely that the Guidelines will apply in their entirety to any one activity, no matter how 
701 complex. It is anticipated that substantial numbers of applications will be for minor. routine activities 
702 that have little, if any, potential for significant degradation of the aquatic environment. It generally is 
703 not intended or expected that extensive testing, evaluation or analysis will be needed to make 
704 findings of compliance in such routine cases. 

705 (b) The Guidelines user, including the agency or agencies responsible for implementing the 
706 Guidelines. must recognize the different levels of effort that should be associated with varying 
707 degrees of impact and require or prepare commensurate documentation. The level of 
708 documentation should reflect the significance and complexity of the discharge activity. 

709 (c) An essential part of the evaluation process involves making determinations as to the relevance 
710 of any portion(s) of the Guidelines and conducting further evaluation only as needed. However, 
711 where portions of the Guidelines review procedure are "short form" evaluations, there still must be 
712 sufficient information (including consideration of both individual and cumulative impacts) to support 
713 the decision of whether to specify the site for disposal of dredged or fill material and to support the 
714 decision to curtail or abbreviate the evaluation process. The presumption against the discharge in 
715 § 230.1Q applies to this decision-making. 

716 Subpart B - CompUance with Guidelines 

717 § 230.10 Restrictions on Discharge 

718 (a) No discharge of dredged or fill material shall be permitted if there is a practicable alternative to 
719 the proposed discharge which would have less adverse impact on the aquatic ecosystem, so long 
720 as the alternative does not have other significant adverse environmental consequences. 

721 (1) For the purpose of this requirement, practicable alternatives include, but are not limited to: 

722 (i) Activities which do not involve a discharge of dredged or fill material to waters of the state 
723 or ocean waters; 

724 (ii) Discharges of dredged or fill material at other locations in waters of the state or ocean 
725 waters; 

726 (2) An alternative is practicable if it is available and capable of being done after taking into 
727 consideration cost, existing technology, and logistics in light of overall project purposes. If it is 
728 otherwise a practicable alternative, an area not presently owned by the applicant which could 
729 reasonably be obtained, utilized, expanded or managed in order to fulfill the basic purpose of 
730 the proposed activity may be considered. 

731 (3} Where activity associated with a discharge which is proposed fOf' a special aquatic site ( as 
732 defined In subpart E) does not require access or proximity to or siting within the special aquatic 
733 site in question to fulfill its basic purpose (i.e., is not "water dependent"), practicable alternatives 
734 that do not involve special aquatic sites are presumed to be available, unless clearly 
735 demonstrated otherwise. In addition. where a discharge is proposed for a special aquatic site, 
736 all practicable alternatives to the proposed discharge which do not involve a discharge into a 
737 special aquatic site are presumed to have less adverse impact on the aquatic ecosystem, 
738 unless clearly demonstrated otherwise. 

739 (b) No discharge of dredged or fill material shall be permitted If It: 

740 (1) Causes or contributes, after consideration of disposal site dilution and dispersion, to 
741 violations of any applicable State water quality standard; 

Adopted April 2, 2019 Page I 20 



Procedures for Discharges of Dredged or Fill Material to 

Waters of the State 

7 42 (2) Violates any applicable toxic effluent standard or prohibition under section 307 of the Clean 
743 Water Act; 

744 (c) No discharge of dredged or fill material shall be permitted which will cause or contribute to 
745 significant degradation of the waters of the state. Under these Guidelines, effects contributing to 
746 significant degradation considered individually or collectively, include: 

7 4 7 ( 1 ) Significantly adverse effects of the discharge of pollutants on human health or welfare, 
748 ;ncluding but not limited to effects on municipal water supplies, plankton, fish, shellfish, wildlife, 
749 and special aquatic sites; 

750 (2) Significantly advel"$e effects of the discharge of pollutants on life stages of aquatic life and 
751 other wildlife dependent on aquatic ecosystems, including the transfer. concentration. and 
752 spread of pollutants or their byproducts outside of the disposal site through biological. physical. 
753 and chemical processes. 

754 (3) Significantly adverse effects of the discharge of pollutants on aquatic ecosystem diversity. 
755 productivity, and stability. Such effects may include, but are not limited to, loss of fish and 
756 wildlife habitat or loss of the capacity of a wetland to assimilate nutrients. purify water. or reduce 
757 wave energy; or 

758 (4) Significantly adverse effects of the discharge of pollutants on recreational. aesthetic, and 
759 economic values. 

760 (d} No discharge of dredged or fill material shall be permitted unless appropriate and practicable 
761 steps have been taken which will minimize potential adverse impacts of the discharge on the 
762 aquatic ecosystem. Subpart H identifies such possible steps. 

763 Subpart E -Special Aquatic Sites 

764 § 230.40 Sanctuaries and refuges 

765 (a) Sanctuaries and refuges consist of areas designated under State and Federal laws or local 
766 ordinances to be managed principally for the preservation and use of fish and wildlife resources. 

767 § 230.41 Wetlands. 

768 (a)(1) Wetlands are as defined above in the main text of these Procedures. 

769 § 230.42 Mud Flats. 

770 (a) Mud flats are broad flat areas along the sea coast and in coastal rivers to the head of tidal influence 
771 and inland lakes, ponds, and riverine systems. When mud flats are inundated, wind and wave action 
772 may resuspend bottom sediments. Coastal mud flats are exposed at extremely low tides and 
773 inundated at high tides with the water table at or near the surface of the substrate. The substrate of 
774 mud flats contains organic material and particles smaller in size than sand. They are either 
775 unvegetated or vegetated only by algal mats. 

776 § 230.43 Vegetated shallows. 

777 (a) Vegetated shallows are permanently inundated areas that under normal circumstances support 
778 communities of rooted aquatic vegetation, such as turtle grass and eel grass in estuarine or marine 
779 systems as well as a number of freshwater species in rivers and lakes. 

780 § 230.45 Riffle and Pool Complexes. 

781 (a) Steep gradient sections of streams are sometimes characterized by riffle and pool complexes. Such 
782 stream sections are recognizable by their hydraulic characteristics. The rapid movement of water over 
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783 a coarse substrate in riffles results in a rough flow, a turbulent surface, and high dissolved oxygen 
784 levels in the water. Pools are deeper areas associated with riffles. Pools are characterized by a slower 
785 stream velocity. a streaming flow, a smooth surface, and a finer substrate. Riffle and pool complexes 
786 are particularly valuable habitat for fish and wildlife. 

787 Subpart H - Actions to Minimize Adverse Effects 

788 Note: There are many actions which can be undertaken in response to 230.10(d) to minimize the 
789 adverse effects of discharges of dredged or fill material. Some of these, grouped by type of activity, 
790 are listed in this subpart. Additional criteria for compensation measures are provided in subpart J of 
791 these Procedures. 

792 § 230. 70 Actions con~rning the location of the discharge. 

793 The effects of the discharge can be minimized by the choice of the disposal site. Some of the ways 
794 to accomplish this are by: 

795 (a} Locating and confining the discharge to minimize smothering of organisms; 

796 (b} Designing the discharge to avoid a disruption of periodic water inundation patterns; 

797 (c) Selecting a disposal site that has been used previously for dredged material discharge; 

798 (d} Selecting a disposal site at which the substrate is composed of material similar to that being 
799 discharged, such as discharging sand on sand or mud on mud; 

800 (e) Selecting a disposal site. the discharge point, and the method of discharge to minimize the 
801 extent of any plume; 

802 (f) Designing the discharge of dredged or fill material to minimize or prevent the creation of standing 
803 bodies of water in areas of normally fluctuating water levels, and minimize or prevent the drainage 
804 of areas subject to such fluctuations. 

805 § 230. 71 Actions concerning the material to be discharged 

808 The effects of a discharge can be minimized by treatment of, or limitations on the material itself, such 
807 as: 

808 (a) Disposal of dredged material in such a manner that physiochemical conditions are maintained, 
809 and the potency and availability of pollutants are reduced. 

810 (b} Limiting the solid, liquid, and gaseous components of material to be discharged at a particular 
811 site; 

812 (c) Adding treatment substances to the discharge material; 

813 (d) Utilizing chemical flocculants to enhance the deposition of suspended particulates in diked 
814 disposal areas. 

815 § 230.72 Actions controlling the material after discharge. 

816 The effects of the dredged or fill material after discharge may be controlled by: 

817 (a) Selecting discharge methods and disposal sites where the potential for erosion, slumping or 
818 leaching of materials into the surrounding aquatic ecosystem will be reduced. These sites or 
819 methods include, but are not limited to: 

820 (1) Using containment levees, sediment basins. and cover crops to reduce erosions: 
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821 (2) Using lined containment areas to reduce leaching where leaching of chemical constituents 
822 from the discharged material is expected to be a problem; 

823 (b) Capping in-place contaminated material with clean material or selectively discharging the most 
824 contaminated material first to be capped with the remaining material; 

825 (c) Maintaining and containing discharged material properly to prevent point and nonpoint sources 
826 of pollution; 

827 (d) Timing the discharge to minimize impact. for instance during periods of unusual high-water 
828 flows, wind, wave. and tidal actions. 

829 § 230. 73 Actions affecting the method of dispersion. 

830 The effects of a discharge can be minimized by the manner in which it is dispersed, such as: 

831 (a) Where environmentally desirable. distributing the dredged material widely in a thin layer at the 
832 disposal site maintain natural substrate contours and elevation; 

833 (b) Orienting a dredged or fill material mound to minimize undesirable obstruction to the water 
834 current or circulation pattern, and utilizing natural bottom contours to minimize the size of the 
835 mound: 

836 (c) Using silt screens or other appropriate methods to confine suspended particulate/turbidity to a 
837 small area where settling or removal can occur; 

838 (d) Making use of currents and circulation patterns to mix, disperse and dilute the discharge; 

839 (e) Minimizing water column turbidity by using a submerged diffuser system. A similar effect can be 
840 accomplished by submerging pipeline discharges or otherwise releasing materials near the bottom: 

841 (f) Selecting sites or managing discharges to confine and minimize the release of suspended 
842 particulates to give decreased turbidity levels and to maintain light penetration for organisms; 

843 (g) Setting limitations on the amount of material to be discharged per unit of time or volume of 
844 receiving water. 

845 § 230.74 Actions related to technology. 

846 Discharge technology should be adapted to the needs of each site. In determining whether the 
84 7 discharge operation sufficiently minimizes adverse environmental impacts, the applicant should 
848 consider: 

849 (a) Using appropriate equipment or machinery, including protective devices, and the use of such 
850 equipment or machinery in activities related to the discharge of dredged or fill material; 

851 (b) Employing appropriate maintenance and operation on equipment or machinery, including 
852 adequate training, staffing, and working procedures; 

853 (c) Using machinery and techniques that are especially designed to reduce damage to wetlands. 
854 This may include machines equipped wilh devices that scatter rather than mound excavated 
855 materials, machines with specially designed wheels or tracks, and the use of mats under heavy 
856 machines to reduce wetland surface compaction and rutting; 

857 (d) Designing access roads and channels spanning structures using culverts. open channels, and 
858 diversions !hat will pass both low and high-water flows, accommodate fluctuating water levels. and 
859 maintain circulation and fauna! movement; 

860 (e) Employing appropriate machinery and methods of transport of the material for discharge. 
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861 § 230.75 Actions affecting plant and animal populations. 

862 Minimization of adverse effects on populations of plant and animals can be achieved by: 

863 (a) Avoiding changes in water current and circulation patterns which would interfere with the 
864 movement of animals; 

865 (b) Selecting sites or managing discharges to prevent or avoid creating habitat conducive to the 
866 development of undesirable predators or species which have a competitive edge ecologically over 
867 indigenous plants or animals; 

868 (c) Avoiding sites having unique habitat or other value, including habitat of threatened or 
869 endangered species: 

870 (d) Using planning and construction practices to institute habitat development and restoration to 
871 produce a new or modified environmental state of higher ecological value by displacement of some 
872 or all of the existing environmental characteristics. Habitat development and restoration techniques 
873 can be used to minimize adverse impacts and to compensate for destroyed habitat. Additional 
874 criteria for compensation measures are provided in subpart J of this part. Use techniques that have 
875 been demonstrated to be effective in circumstances similar to those under consideration wherever 
876 possible. VI/here proposed development and restoration techniques have not yet advanced to the 
877 pilot demonstration stage, initiate their use on a small scale to allow corrective action if 
878 unanticipated adverse impacts occur; 

879 (e) Timing discharge to avoid spawning or migration seasons and other biologically critical time 
880 periods; 

881 (f) Avoiding the destruction of remnant natural sites within areas already affected by development. 

882 § 230.76 Actions affecting human use. 

883 Minimization of adverse effects on human use potential may be achieved by: 

884 (a) Selecting discharge sites and following discharge procedures to prevent or minimize any 
885 potential damage to the aesthetically pleasing features of the aquatic site (e.g. viewscapes), 
886 particularty with respect to water quality; 

887 (b) Selecting disposal sites which are not valuable as natural aquatic areas; 

888 (c) Timing the discharge to avoid the seasons or periods when human recreational activity 
889 associated with the aquatic site is most important; 

890 (d) Following discharge procedures which avoid or minimize the disturbance of aesthetic features 
891 on an aquatic site or ecosystem; 

892 (e} Selecting sites that will not be detrimental or increase incompatible human activity, or require the 
893 need for frequent dredge or fill maintenance activity in remote fish and wildlife areas; 

894 (f) Locating the disposal site outside of the vicinity of a public water supply intake. 

895 § 230. 77 Other actions. 

896 (a) In the case of fills, controlling runoff and other discharges from activities to be conducted on the 
897 fill; 

898 (b) In the case of dams, designing water releases to accommodate the needs of fish and wildlife; 

899 (c) In dredging projects funded by Federal agencies other than the Corps of Engineers, maintain 
900 desired water quality of the return discharge through agreement with the Federal funding authority 
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901 on scientifically defensible pollutant concentration levels in addition to any applicable water quality 
902 standards: 

903 (d) When a significant ecological change in the aquatic environment is proposed by the discharge of 
904 dredged or fill material, the permitting authority should consider the ecosystem that will be lost as 
905 well as the environmental benefits of the new system. 

906 Subpart J - Compensatory Mitigation for Losses of Aquatic Resources 

907 § 230.91 Purpose and general considerations. 

908 (a) Purpose. 

909 ( 1) The purpose of this subpart is to establish standards and criteria for the use of all types of 
910 compensatory mitigation, including on-site and off-site permittee-responsible mitigation, 
911 mitigation banks. and in-lieu fee mitigation to offset unavoidable impacts to waters of the state 
912 authorized through the issuance of Orders. 

913 ( d) Accounting for regional variations. Where appropriate, the permitting authority shall account for 
914 regional characteristics of aquatic resource types, functions and services when determining 
915 performance standards and monitoring requirements for compensatory mitigation projects. 

916 § 230.92 Definitions. 

917 For the purposes of this subpart, the following terms are defined: 

918 Adaptive management means the development of a management strategy that anticipates likely 
919 challenges associated with compensatory mitigation projects and provides for the implementation of 
920 actions to address those challenges. as well as unforeseen changes to those projects. It requires 
921 consideration of the risk, uncertainty, and dynamic nature of compensatory mitigation projects and 
922 guides modification of those projects to optimize performance. It includes the selection of appropriate 
923 measures that will ensure that the aquatic resource functions are provided and involves analysis of 
924 monitoring results to identify potential problems of a compensatory mitigation project and the 
925 identification and implementation of measures to rectify those problems. 

926 Buffer means an upland. wetland. and/or riparian area that protects and/or enhances aquatic 
927 resource functions associated with waters of the state from disturbances associated with adjacent 
928 land uses. 

929 Compensatory mitigation means the restoration (re-establishment or rehabilitation}, establishment 
930 (creation), enhancement, and/or in certain circumstances preservation of aquatic resources for the 
931 purposes of offsetting unavoidable adverse impacts which remain after all appropriate and practicable 
932 avoidance and minimization has been achieved. 

933 Compensatory mitigation project means compensatory mitigation implemented by the permittee as a 
934 requirement of an Order (i.e., permittee-responsible mitigation). or by a mitigation bank or an in-lieu 
935 fee program. 

936 Condition means the relative ability of an aquatic resource to support and maintain a community of 
937 organisms having a species composition. diversity. and functional organization comparable to 
938 reference aquatic resources in the region. 

939 Credit means a unit of measure (e.g., a functional or areal measure or other suitable metric) 
940 representing the accrual or attainment of aquatic functions at a compensatory mitigation site, The 
941 measure of aquatic functions is based on the resources restored, established, enhanced, or 
942 preserved. 
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943 Days means calendar days. 

944 Debit means a unit of measure (e.g .. a functional or areal measure or other suitable metric) 
945 representing the loss of aquatic functions at an impact or project site. The measure of aquatic 
946 functions is based on the resources impacted by the authorized activity. 

847 Enhancement means the manipulation of the physical, chemical, or biological characteristics of an 
848 aquatic resource to heighten. intensify. or improve a specific aquatic resource function(s). 
949 Enhancement results in the gain of selected aquatic resource function(s), but may also lead to a 
950 decline in other aquatic resource function(s). Enhancement does not result in a gain in aquatic 
951 resource area. 

952 Establishment (creation) means the manipulation of the physical. chemical, or biological 
953 characteristics present to develop an aquatic resource that did not previously exist at an upland site. 
954 Establishment results in a gain in aquatic resource area and functions. 

955 Functional capacity means the degree to which an area of aquatic resource performs a specific 
956 function. 

957 Functions means the physical, chemical, and biological processes that occur in ecosystems. 

958 Impact means adverse effect. 

959 In-kind means a resource of a similar structural and functional type to the impacted resource. 

960 In-lieu fee program means a program involving the restoration, establishment, enhancement, and/or 
961 preservation of aquatic resources through funds paid to a governmental or non-profit natural 
962 resources management entity to satisfy compensatory mitigation requirements for Orders. Similar to 
963 a mitigation bank, an in-lieu fee program sells compensatory mitigation credits to permittees whose 
964 obligation to provide compensatory mitigation is then transferred to the in-lieu program sponsor. 
965 However, the rules governing the operation and use of in-lieu fee programs are somewhat different 
966 from the rules governing operation and use of rnitiga1ion banks. The operation and use of an in-lieu 
967 fee program are governed by an in-lieu fee program instrument. 

968 In-lieu fee program instrument means the legal document for the establishment, operation, and use of 
969 an in-lieu fee program. 

970 Instrument means mitigation banking instrument or in-lieu fee program instrument. 

971 Mitigation bank means a site, or suite of sites, where resources (e.g., wetlands, streams, riparian 
972 areas) are restored. established, enhanced, and/or preserved for the purpose of providing 
973 compensatory mitigation for impacts authorized by Orders. In general, a mitigation bank sells 
974 compensatory mitigation credits to permittees whose obligation to provide compensatory mitigation is 
975 then transferred to the mitigation bank sponsor. The operation and use of a mitigation bank are 
976 governed by a mitigation banking instrument. 

977 Mitigation banking instrument means the legal document for the establishment. operation, and use of 
978 an in-lieu fee program. 

979 Off-site means an area that is neither located on the same parcel of land as the impact site, nor on a 
980 parcel of land contiguous to the parcel containing the impact site. 

981 On-site means an area located on the same parcel of land as the impact site, or on a parcel of land 
982 contiguous to the impact site. 

983 Out-of-kind means a resource of a different structural and functional type from the impacted resource. 
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984 Performance standards are observable or measurable physical (including hydrological), chemical 
985 and/or biological attributes that are used to determine if a compensatory mitigation project meets its 
986 objectives. 

987 Perrnittee-responsible mitigation means an aquatic resource restoration. establishment, 
988 enhancement, and/or preservation activity undertaken by the permittee (or an authorized agent or 
989 contractor) to provide compensatory mitigation for which the permittee retains full responsibility. 

990 Preservation means the removal of a threat to, or preventing the decline of, aquatic resources by an 
991 action in or near those aquatic resouroes. This term includes activities commonly associated with the 
992 protection and maintenance of aquatic resources through the implementation of appropriate legal and 
993 physical mechanisms. Preservation does not result in a gain of aquatic resource area or functions. 

994 Re-establishment means the manipulation of the physical, chemical, or biological characteristics of a 
995 site with the goal of returning natural/historic functions to a former aquatic resource. Re-
996 establishment results in rebuilding a former aquatic resource and results in a gain in aquatic resource 
997 area and functions. 

998 Reference aquatic resources are a set of aquatic resources that represent the full range of variability 
999 exhibited by a regional class of aquatic resources as a result of natural processes and anthropogenic 

1000 disturbances. 

1001 Rehabilitation means the manipulation of the physical, chemical, or biological characteristics of a site 
1002 with the goal of repairing natural/historic functions to a degraded aquatic resource. Rehabilitation 
1003 results in a gain in aquatic resource function, but does not result in a gain in aquatic resource area. 

1004 Restoration means the manipulation of the physical, chemical, or biological characteristics of a site 
1005 with the goal of returning natural/historic functions to a former or degraded aquatic resource, For the 
1006 purpose of tracking net gains in aquatic resource area, restoration is divided into two categories: re-
1007 establishment and rehabilitation. 

1008 Service area means the geographic area within which impacts can be mitigated at a specific 
1009 mitigation bank or an in-lieu tee program. as designated in its instrument. 

1010 Services mean the benefits that human populations receive from funciions that occur in ecosystems. 

1011 Sponsor means any public or private entity responsible for establishing, and in most circumstances, 
1012 operating a mitigation bank or in-lieu fee program. 

1013 Temporal loss is the time lag between the loss of aquatic resource functions caused by the permitted 
1014 impacts and the replacement of aquatic resource functions at the compensatory mitigation site. 
1015 Higher compensation ratios may be required to compensate for temporal loss. When the 
1016 compensatory mitigation project is initiated prior to, or concurrent with, the permitted impacts, the 
1017 permitting authority may determine that compensation for temporal loss is not necessary, unless the 
1018 resource has a long development time. 

1019 Watershed means a land area that drains to a common waterway, such as a stream, lake, estuary, 
1020 wetland, or ultimately the ocean. 

1021 Watershed approach is defined above in the main text of these Procedures. 

1022 Watershed plan is defined above in the main text of these Procedures. 

1023 § 230.93 General compensatory mitigation requirements. 

1024 (a) General Considerations. 
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1025 (1) The fundamental objective of compensatory mitigation is to offset environmental losses 
1026 resulting from unavoidable impacts to waters of the state authorized by Orders. The permitting 
1027 authority must determine the compensatory mitigation to be required in an Order, based on 
1028 what would be environmentally preferable. In making this determination, the permitting authority 
1029 must assess the likelihood for ecological success and sustainability, and the location of the 
1030 compensation site relative to the impact site and their significance within the watershed, and the 
1031 costs of the compensatory mitigation project. In many cases, the environmentally preferable 
1032 compensatory mitigation may be provided through mitigation banks or in-lieu fee programs 
1033 because they usually involve consolidating compensatory mitigation projects where ecologically 
1034 appropriate, consolidating resources, providing financial planning and scientific expertise (which 
1035 often is not practical for permittee-responsible compensatory mitigation projects), reducing 
1036 temporal losses of functions, and reducing uncertainty over project success. Compensatory 
1037 mitigation requirements must be commensurate with the amount and type of impact that is 
1038 associated with a particular Order. Applicants are responsible for proposing an appropriate 
1039 compensatory mitigation option to offset unavoidable impacts. 

1040 (2) Compensatory mitigation may be performed using methods of restoration, enhancement, 
1041 establishment. and in certain circumstances preservation. Restoration should generally be the 
1042 first option considered because the likelihood of success is greater and the impacts to 
1043 potentially ecologically important uplands are reduced compared to establishment, and the 
1044 potential gains in terms of aquatic resource functions are greater, compared to enhancement 
1045 and preservation. 

1046 (3) Compensatory mitigation projects may be sited on public or private lands. Credits for 
1047 compensatory mitigation projects on public land must be base<I solely on aquatic resource 
1048 functions provided by the compensatory mitigation project, over and above 1hose provided by 
1049 public programs already planned or in place. All compensatory mitigation projects must comply 
1050 with the standards in section IV of these Procedures. if they are to be used to provide 
1051 compensatory mitigation for activities authorized by Orders, regardless of whether they are sited 
1052 on public or private lands and whether the sponsor is a govern mental or private entity. 

1053 (b) Type and location of compensatory mitigation. 

1054 {1) In general, 1he required compensatory mitigation should be located within the same 
1055 watershed as the impact site, and should be located where ii is most likely to successfully 
1056 replace lost functions and services, taking into account such watershed scale features as 
1057 aquatic habitat diversity. habitat connectivity, relationships to hydrologic sources (including the 
1058 availability of water rights), trends in land use, ecological benefits, and compatibility with 
1059 adjacent land uses. When compensating for impacts to marine resources, lhe location of the 
1060 compensatory mitigation site should be chosen to replace lost functions and services within the 
1061 same marine ecological system (e.g., reef complex, littoral drift cell). Compensation for impacts 
1062 lo aquatic resources in coastal watersheds (watersheds that include a tidal water body} should 
1063 also be located in a coastal watershed where practicable. Compensatory mitigation projects 
1064 should not be located where they will increase risks to aviation by attracting wildlife to areas 
1065 where aircraft-wildlife strikes may occur (e.g., near airports). 

1066 (2) Mitigation bank credits. When permitted impacts are located within the service area of an 
1067 approved mitigation bank, and the bank has the appropriate number and resource type of 
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1068 credits available, the permittee's oompensatory mitigation requirements may be met by securing 
1069 those credits from the sponsor. Since an approved instrument (including an approved mitigation 
1070 plan and appropriate real estate and financial assurances) for a mitigation bank is required to be 
1071 in place before its credits can begin to be used to compensate for authorized impacts, use of a 
1072 mitigation bank can help reduce risk and uncertainty, as well as temporal loss of resource 
1073 functions and services. Mitigation bank credits are not released for debiting until specific 
1074 milestones associated with the mitigation bank site's protection and development are achieved, 
1075 thus use of mitigation bank credits can also help reduce risk that mitigation will not be fully 
1076 successful. Mitigation banks typically involve larger, more ecologically valuable parcels, and 
1077 more rigorous scientific and technical analysis, planning and implementation than permittee-
1078 responsible mitigation. Also, development of a mitigation bank requires site identification in 
1079 advance, project-specific planning, and significant investment of financial resources that is often 
1080 not practicable for many in-lieu fee programs. For these reasons, the permitting authority 
1081 should give preference to the use of mitigation bank credits when these considerations are 
1082 applicable. However, these same considerations may also be used to override this preference, 
1083 where appropriate, as, for example, where an in-lieu fee program has released credits available 
1084 from a specific approved in-lieu fee project, or a permittee-responsible project will restore an 
1085 outstanding resource based on rigorous scientific and technical analysis. 

1086 (3) In-lieu fee program credits. Where permitted impacts are located within !he service area of 
1087 an approved in-lieu fee pr<:,gram, and the sponsor has the appropriate number and resource 
1088 type of credits available, the permittee's compensatory mitigation requirements may be met by 
1089 securing those credits from the sponsor. Where permitted impacts are not located in the service 
1090 area of an approved mitigation bank, or the approved mitigation bank does not have the 
1091 appropriate number and resource type of credits available to offset those impacts, in-lieu fee 
1092 mitigation, if available, is generally preferable to permittee-responsible mitigation. In-lieu fee 
1093 projects typically involve larger, more ecologically valuable parcels, and more rigorous scientific 
1094 and technical analysis, planning and implementation than permittee-responsible mitigation. 
1095 They also devote significant resources to identifying and addressing high-priority resource 
1096 needs on a watershed scale, as reflected in their compensation planning framework. For these 
1097 reasons. the permitting authority should give preference to in-lieu fee program credits over 
1098 permittee-responsible mitigation, where these considerations are applicable. However, as with 
1099 the preference for mitigation bank credits, these same considerations may be used to override 
1100 this preference where appropriate. Additionally, in cases where permittee-responsible 
1101 mitigation is likely to successfully meet performance standards before advance credits secured 
1102 from an in-lieu fee program are fulfilled, the permitting authority should also give consideration 
1103 to this factor in deciding between in-lieu fee mitigation and permittee-responsible mitigation. 

1104 (4) Permittee-responsible mitigation under a watershed approach. Where permitted impacts 
1105 are not in the service area of an approved mitigation bank or in-lieu fee program that has the 
1106 appropriate number and resource type of credits available, permittee-responsible mitigation is 
1107 the only option. Where practicable and likely to be successful and sustainable, the resource 
1108 type and location for the required permittee-responsible compensatory mitigation should be 
1109 determined using the principles of a watershed approach as outlined in paragraph (c) of this 
1110 section. 

1111 (5) Permittee-responsible mitigation through on-site and in-kind mitigation. In cases where a 
1112 watershed approach is not practicable, the permitting authority should consider opportunities to 
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1113 offset anticipated aquatic resource impacts by requiring on-site and in-kind compensatory 
1114 mitigation. The permitting authority must also consider the practicability of on-site 
1115 compensatory mitigation and its compatibility with the proposed project. 

1116 {6) Permittee-responsible mitigation through off-site and/or out-of-kind mitigation. If. after 
1117 considering opportunities for on-site, in-kind compensatory mitigation as provided in paragraph 
1118 {b )( 5) of this section, the permitting authority determines that these compensatory mitigation 
1119 opportunities are not practicable, are unlikely to compensate for the permitted impacts, or will be 
1120 incompatible with the proposed project, and an alternative, practicable off-site and/or out-of-kind 
1121 mitigation opportunity is identified that has a greater likelihood of offsetting the permitted 
1122 impacts or is environmentally preferable to on-site or in-kind mitigation, the permitting authority 
1123 should require that this alternative compensatory mitigation be provided. 

1124 (c) Watershed approach to compensatory mitigation. 

1125 ( 1) The permitting authority must use a watershed approach to establish compensatory 
1126 mitigation requiremems in Orders as described in the main text of the Procedures. \Nhere a 
1127 watershed plan is available, lhe permitting authority will determine whether the plan meets the 
1128 definition of watershed plan in the Procedures and therefore is appropriate for use in the 
1129 watershed approach for compensatory mitigation. In cases where the permitting authority 
1130 determines that an appropriate watershed plan is available, the watershed approach should be 
1131 based on that plan. \Nhere no such plan is available. the watershed approach should be based 
1132 on information provided by the project sponsor or available from other sources. The ultimate 
1133 goal of a watershed approach is to maintain and improve the abundance, diversity, and 
1134 condition of aquatic resources within wate,sheds through strategic selection of compensatory 
1135 mitigation sites. 

1136 (2) Considerations. 

1137 (i) A watershed approach to compensatory mitigation considers the importance of condition, 
1138 landscape position and resource type of compensatory mitigation projects for the 
1139 sustainability of aquatic resource functions within the watershed. Such an approach 
1140 considers how the condition, types, and locations of compensatory mitigation projects will 
1141 provide the desired aquatic resource functions, and will continue to function over time in a 
1142 changing landscape. It also considers the habitat requirements of important species, habitat 
1143 loss or conversion trends, sources of watershed impairment, and current development 
1144 trends. as well as the requirements of other regulatory and non-regulatory programs that 
1145 affect the watershe<i. such as storm water management or habitat conservation programs. It 
1146 includes the protection and maintenance of terrestrial resources, such as non-wetland 
1147 riparian areas and uplands, when those resources contribute to or improve the overall 
1148 ecological functioning of aquatic resources in the watershed. Compensatory mitigation 
1149 requirements determined through the watershed approach should not focus exclusively on 
1150 specific functions (e.g., water quality or habitat for certain species}, but should provide, where 
1151 practicable, the suite of functions typically provided by the affected aquatic resource. 

1152 (ii) Locational factors (e.g .. hydrology, surrounding land use) are important to the success of 
1153 compensatory mitigation for impacted habitat functions and may lead to siting of such 
1154 mitigation away from the project area. However, consideration should also be given to 

Adopted April 2, 2019 Page 130 



Procedures for Discharges of Dredged or Fill Material to 

Waters of the State 

1155 functions and services (e.g., water quality, flood control, shoreline protection) that will likely 
1156 need to be addressed at or near the areas impacted by the permitted impacts. 

1157 (iii) A watershed approach may include on-site compensatory mitigation, off-site 
1158 compensatory mitigation (including mitigation banks or in-lieu fee programs), or a 
1159 combination of on-site and off-site compensatory mitigation. 

1160 (iv) A watershed approach to compensatory mitigation should include. to the extent 
1161 practicable, inventories of historic and existing aquatic resources, including identification of 
1162 degraded aquatic resources, and identification of immediate and long-term aquatic resource 
1163 needs within watersheds that can be met through permittee-responsible mitigation projects, 
1164 mitigation banks, or in-lieu fee programs. Planning efforts should identify and prioritize 
1165 aquatic resource restoration, establishment, and enhancement activities, and preservation of 
1166 existing aquatic resources that are important for maintaining or improving ecological functions 
1167 of the watershed. The identification and prioritization of resource needs should be as specific 
1168 as possible, to enhance the usefulness of the approach in determining compensatory 
1169 mitigation requirements. 

1170 (v) A watershed approach is not appropriate in areas where watershed boundaries do not 
1171 exist, such as marine areas. In such cases, an appropriate spatial scale should be used to 
1172 replace lost functions and services within the same ecological system {e.g., reef complex, 
1173 littoral drift cell). 

1174 (3) Information Needs. 

1175 (i) In the absence of a watershed plan determined by the permitting authority under 
1176 paragraph (c)(1) of this section to be appropriate for use in the watershed approach, the 
1177 permitting authority will use a watershed approach based on analysis of information 
1178 regarding watershed conditions (as identified in the watershed profile} and needs, including 
1179 potential sites for aQuatic resource restoration activities and priorities for aquatic resource 
1180 restoration and preservation. Such information includes: Current trends in habitat loss or 
1181 conversion; cumulative impacts of past development activities. current development trends, 
1182 the presence and needs of sensitive species; site conditions that favor or hinder the success 
1183 of compensatory mitigation projects; and chronic environmental problems such as flooding or 
1184 poor water quality. 

1165 (ii) This information may be available from sources such as wetland maps; soil surveys; U.S. 
1186 Geological Survey topographic and hydrologic maps; aerial photographs; information on rare, 
1187 endangered and threatened species and Cl'itical habitat: local ecological reports or studies; 
1188 and other information sources that could be used to identify locations for suitable 
1189 compensatory mitigation projects in the watershed. 

1190 (iii) The level of information and analysis needed to support a watershed approach must be 
1191 commensurate with the scope and scale of the proposed impacts requiring an Order, as well 
1192 as the functions lost as a result of those impacts. 

1193 (4) Watershed Scale. The size of watershed addressed using a watershed approach should not 
1194 be larger than is appropriate to ensure that the aquatic resources provided through 
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1195 compensation activities will effectively compensate for adverse environmental impacts resulting 
1196 from activities authorized by Orders. The permitting authority should consider relevant 
1197 environmental factors and appropriate locally-developed standards and criteria when 
1198 determining the appropriate watershed scale in guiding compensation activities. 

1199 (d} Site selection. 

1200 ( 1) The compensatory mitigation project site must be ecologically suitable for providing the 
1201 desired aquatic resource functions. In determining the ecological suitability of the compensatory 
1202 mitigation project site, the permitting authority must consider, to the extent practicable, the 
1203 following factors: 

1204 (i) Hydrological conditions. soil characteristics, and other physical and chemical 
1205 characteristics; 

1206 (ii} Watershed-scale features, such as aquatic habitat diversity, habitat connectivity, and 
1207 other landscape scale functions; 

1208 (iii) The size and location of the compensatory mitigation site relative to hydrologic sources 
1209 {including the availability of water rights) and other ecological features; 

1210 (iv) Compatibility with adjacent land uses and watershed management plans; 

1211 (v) Reasonably foreseeable effects the compensatory mitigation project will have on 
1212 ecologically important aquatic or terrestrial resources (e.g., shallow sub-tidal habitat. mature 
1213 forests), cultural sites, or habitat for federally- or state-listed threatened and endangered 
1214 species; and 

1215 {vi) Other relevant factors including, but not limited to. development trends, anticipated land 
1216 use changes, habitat status and trends, the relative locations of the impact and mitigation 
1217 sites in the stream network. local or regional goals for the restoration or protection of 
1218 particular habitat types or functions (e.g., re-establishment of habitat corridors or habitat for 
1219 species of concern), water quality goals. floodplain management goals. and the relative 
1220 potential for chemical contamination of the aquatic resources. 

1221 (2) Permitting authorities may require on-site, off-site, or a combination of on-site and off-site 
1222 compensatory mitigation to replace permitted losses of aquatic resource functions and services. 

1223 (3) Applicants should propose compensation sites adjacent to existing aquatic resources or 
1224 where aquatic resources previously existed. 

1225 (e) Mitigation type. 

1226 (1) In general, in-kind mitigation is preferable to out-of-kind mitigation because it is most likely to 
1227 compensate for the functions and services lost at the impact site. For example, tidal wetland 
1228 compensatory mitigation projects are most likely to compensate for unavoidable impacts to tidal 
1229 wetlands. while perennial stream compensatory mitigation projects are most likely to 
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1230 compensate for unavoidable impacts to perennial streams. Thus, except as provided in 
1231 paragraph (e)(2) of this section. the required compensatory mitigation shall be of a similar type 
1232 to the affected aquatic resource. 

1233 (2) If the permitting authority determines, using the watershed approach in accordance with 
1234 paragraph (c) of this section that out-of-kind compensatory mitigation will serve the aquatic 
1235 resource needs of the watershed, the permitting authority may authorize the use of such out-of-
1236 kind compensatory mitigation. The basis for authorization of out-of-kind compensatory 
1237 mitigation must be documented in the administrative record for the Order action. 

1238 (3) For difficult-to-replace resources (e.g., bogs. fens. springs. streams, vegetated seasonal 
1239 wetlands. slope and seep wetlands, vernal pools, and wet meadows) if further avoidance and 
1240 minimization is not practicable, the required compensation should be provided, if practicable, 
1241 through in-kind rehabilitation, enhancement, or preservation since there is greater certainty that 
1242 these methods of compensation will successfully offset permitted impacts. 

1243 (f) Amount of compensatory mitigation. 

1244 ( 1) If the permitting authority determines that compensatory mitigation is necessary to offset 
1245 unavoidable impacts to aquatic resources. the amount of required compensatory mitigation 
1246 must be, to the extent practicable, sufficient to replace lost aquatic resource functions. In cases 
1247 where appropriate functional or condition assessment methods or other suitable metrics are 
1248 available. these methods should be used where practicable to determine how much 
1249 compensatory mitigation is required. 

1250 (2} The permitting authority must require a mitigation ratio greater than one-to-one where 
1251 necessary to account for the method of compensatory mitigation (e.g., preservation), the 
1252 likelihood of success, differences between the functions lost at the impact site and the functions 
1253 expected to be produced by the compensatory mitigation project, temporal losses of aquatic 
1254 resource functions, the difficulty of restoring or establishing the desired aquatic resource type 
1255 and functions, and/or the distance between the affected aquatic resource and the compensation 
1256 site. The rationale for the required replacement ratio must be documented in the administrative 
1257 reoord for the Order action. 

1258 (3) If an in-lieu fee program will be used to provide the required compensatory mitigation, and 
1259 the appropriate number and resource type of released credits are not available, the permitting 
1260 authority must require sufficient compensation to account for the risk and uncertainty associated 
1261 with in-lieu fee projects !hat have not been implemented before the permitted impacts have 
1262 occurred. 

1263 (g) Use of mitigation banks and in-lieu fee programs. Mitigation banks and in-lieu fee programs 
1264 may be used to compensate for impacts to aquatic resources authorized by general Orders and 
1265 individual Orders in accordance with the preference hierarchy in paragraph (b) of this section. 
1266 Mitigation banks and in-lieu fee programs may also be used to satisfy requirements arising out of an 
1267 enforcement action. such as supplemental environmental projects. 

1268 (h) Preservation. 
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1269 ( 1) Preservation may be used to provide compensatory mitigation for activities authorized by 
1270 Orders when all the following criteria are met: 

1271 (i) The resources to be preserved provide important physical. chemical, or biological 
1272 functions for the watershed; 

1273 (ii) The resources to be preserved contribute significantly to the ecological sustainability of 
127 4 the watershed. In determining the contribution of those resources to the ecological 
1275 sustainability of the watershed, the permitting authority must use appropriate quantitative 
1276 assessment tools where available; 

1277 {iii) Preservation is determined by the permitting authority to be appropriate and practicable; 

1278 (iv) The resources are under threat of destruction or adverse modifications; and 

1279 (v} The preserved site will be permanently protected through an appropriate real estate or 
1280 other legal instrument (e.g., easement, title transfer to state resource agency or land trust). 

1281 (2) Where preservation is used to provide compensatory mitigation. to the extent appropriate 
1282 and practicable the preservation shall be done in conjunction with aquatic resource restoration, 
1283 establishment. and/or enhancement activities. This requirement may be waived by the 
1284 permitting authority where preservation has been identified as a high priority using a watershed 
1285 approach described in paragraph (c) of this section, but compensation ratios shall be higher. 

1286 (i) Buffers. The permitting authority may require the restoration. establishment, 
1287 enhancement, and preservation. as well as the maintenance, of riparian areas and/or buffers 
1288 around aquatic resources where necessary to ensure the long-term viability of those 
1289 resources. Buffers may also provide habitat or corridors necessary for the ecological 
1290 functioning of aquatic resources. If buffers are required by the permitting authority as part of 
1291 the compensalof'/ mitigation project, compensatory mitigation credit will be provided for those 
1292 buffers, as provided in section IV B.5 (c). 

1293 G) Relationship to other federal. tribal, state. and local programs. 

1294 ( 1) Compensatory mitigation projects for Orders may also be used to satisfy the environmental 
1295 requirements of other programs, such as tribal, state, or local wetlands regulatory programs, 
1296 other federal programs such as the Surface Mining Control and Reclamation Act, Corps civil 
1297 works projects, and Department of Defense military construction projects, consistent with the 
1298 tenns and requirements of these programs and subject to the following considerations: 

1299 (i) The compensatory mitigation project must include appropriate compensation required by 
1300 the Order for unavoidable impacts to aquatic resources authorized by that Order. 

1301 (ii) Under no circumstances may the same credits be used to provide mitigation for more than 
1302 one permitted activity. However, where appropriate, compensatory mitigation projects, 
1303 including mitigation banks and in-lieu fee projects. may be designed to holistically address 
1304 requirements under multiple programs and authorities for the same activity. 
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1305 (2) Except for projects undertaken by federal agencies. or where federal funding is specifically 
1306 authorized to provide compensatory mitigation, federally-funded aquatic resource restoration or 
1307 conservation proje<:ts undertaken for purposes other than compensatory mitigation. such as the 
1308 Wetlands Reserve Program, Conservation Reserve Program, and Partners for Wildlife Program 
1309 activities, cannot be used for the purpose of generating compensatory mitigation credits for 
1310 activities authorized by Orders. However, compensatory mitigation credits may be generated by 
1311 activities undertaken in conjunction with, but supplemental to, such programs in order to 
1312 maximize the overall ecological benefits of the restoration or conservation project. 

1313 {3) Compensatory mitigation projects may also be used to provide compensatory mitigation 
1314 under the federal and state Endangered Species Act or for Natural Community Conservation 
1315 Plans and Habitat Conservation Plans, as long as they comply with the requirements of 
1316 paragraph (i)(1) of this section. 

1317 (k) Order conditions. 

1318 (1) The compensatory mitigation requirements for an Order, including the amount and type of 
1319 compensatory mitigation, must be clearly stated in the special conditions of lhe individual Order 
1320 or authorization to use the general Order. The special conditions must be enforceable. 

1321 (2) For an Order that requires permittee-responsible mitigation, the special conditions must: 

1322 (i} Identify the party responsible for providing the compensatory mitigation; 

1323 (ii) lnoorporate, by reference, the final or draft mitigation plan approved by the permitting 
1324 authority; 

1325 (iii) State the objectives. performance standards, and monitoring required for the 
1326 compensatory mitigation project, unless they are provided in the approved final mitigation 
1327 plan; and 

1328 (iv) Describe any required financial assurances or long-term management provisions for the 
1329 compensatory mitigation project, unless they are specified in the approved final mitigation 
1330 plan. 

1331 (4) If a mitigation bank or in-lieu fee program is used to provide the required compensatory 
1332 mitigation, the special conditions must indicate whether a mitigation bank or in-lieu fee program 
1333 will be used, and specify the number and resource type of credits the permittee is required to 
1334 secure. In the case of an individual Order, the special condition must also identify the specific 
1335 mitigation bank or in-lieu fee program that will be used. For authorizations to use a general 
1336 Order, the special conditions may either identify the specific mitigation bank or in-lieu fee 
1337 program, or state that the specific mitigation bank or in-lieu fee program used to provide the 
1338 required compensatory mitigation must be approved by the permitting authority before the 
1339 credits are secured. 

1340 (I) Party responsible for compensatory mitigation. 
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1341 (1} For permittee-responsible mitigation, the special conditions of the Order must clearly 
1342 indicate the party or parties responsible for the implementation, performance, and long-term 
1343 management of the compensatory mitigation project. 

1344 (3) If use of a mitigation bank or in-lieu fee program is approved by the permitting authority to 
1345 provide part or all of the required compensatory mitigation for an Order. the permiltee retains 
1346 responsibility for providing the compensatory mitigation until the appropriate number and 
1347 resource type of credits have been secured from a sponsor and the permitting authority has 
1348 received documentation that confirms that the sponsor has accepted the responsibility for 
1349 providing the required compensatory mitigation. This documentation may consist of a letter or 
1350 form signed by the sponsor, with the Order number and a statement indicating the number and 
1351 resource type of credits that have been secured from the sponsor. Copies of this 
1352 documentation will be retained in the administrative records for both the Order and the 
1353 instrument. If the sponsor fails to provide the required compensatory mitigation, the permitting 
1354 authority may pursue measures against the sponsor to ensure compliance. 

1355 (m) Timing. Implementation of the compensatory mitigation project shall be, to the maximum extent 
1356 practicable. in advance of or concurrent with the activity causing the authorized impacts. The 
1357 permitting authority shall require, to the extent appropriate and practicable. additional compensatory 
1358 mitigation to offset temporal losses of aquatic functions that will result from the permitted activity. 

1359 (n) Financial assurances. 

1360 ( 1) The permitting authority shall require sufficient financial assurances to ensure a high level of 
1361 confidence that the compensatory mitigation project will be successfully completed, in 
1362 accordance with applicable performance standards. In cases where an alternate mechanism is 
1363 available to ensure a high level of confidence that the compensatory mitigation will be provided 
1364 and maintained {e.g., a formal, documented commitment from a government agency or public 
1365 authority) the peimitting authority may determine that financial assurances are not necessary for 
1366 that compensatory mitigation project. 

1367 (2) The amount of the required financial assurances must be determined by the pem,itting 
1368 authority, in consultation with the project sponsor, and must be based on the size and 
1369 complexity of the compensatory mitigation project. the degree of completion of the project at the 
13 70 time of project approval. the likelihood of success. the past performance of the project sponsor. 
1371 and any other factors the permitting authority deems appropriate. Financial assurances may be 
1372 in the form of perfonnance bonds, escrow accounts. casualty insurance, letters of credit. 
1373 legislative appropriations for government sponsored projects, or other appropriate instruments, 
1374 subject to the approval of the permitting authority. The rationale for determining the amount of 
1375 the required financial assurances must be documented in the administrative record for either the 
1376 Order or the instrument. In determining the assurance amount, the permitting authority shall 
1377 consider the cost of providing replacement mitigation, including costs for land acquisition, 
1378 planning and engineering, legal fees, mobilization, construction, and monitoring. 

1379 (3} If financial assurances are required. the Order must include a special condition requiring the 
1380 financial assurances to be in place prior to commencing the permitted activity. 
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1381 (4) Financial assurances shall be phased out once the compensatory mitigation project has 
1382 been determined by the permitting authority to be successful in accordance with its performance 
1383 standards. The Order or instrument must clearly specify the conditions under which the 
1384 financial assurances are to be released to the permittee. sponsor. and/or other financial 
1385 assurance provider, including, as appropriate. linkage to achievement of pertormance 
1386 standards, adaptive management, or compliance with special conditions. 

1387 (5) A financial assurance must be in a form that ensures that the permitting authority will receive 
1388 notification at least 120 days in advance of any termination or revocation. For third-party 
1389 assurance providers, this may take the form of a contractual requirement for the assurance 
1390 provider to notify the permitting authority at least 120 days before the assurance is revoked or 
1391 terminated. 

1392 {6) Financial assurances shall be payable at the direction of the permitting authority to his 
1393 designee or to a standby trust agreement. When a standby trust is used (e.g .. with performance 
1394 bonds or letters of credit} all amounts paid by the financial assurance provider shall be 
1395 deposited directly into the standby trust fund tor distribution by the trustee in accordance with 
1396 the permitting authority's instructions. 

1397 (o) Compliance with applicable law. The compensatory mitigation project must comply with all 
1398 applicable federal, state, and local laws. The Order, mitigation banking instrument. or in-lieu fee 
1399 program instrument must not require participation by the pemiitting authority in project 
1400 management, including receipt or management of financial assurances or long-term financing 
1401 mechanisms, except as determined by the permitting authority to be consistent with its statutory 
1402 authority, mission, and priorities. 

1403 § 230.94 Planning and documentation. 

1404 (a) Pre-application consultations. Potential applicants for Orders are encouraged to participate in 
1405 pre-application meetings with the permitting authority and appropriate agencies to discuss potential 
1406 mitigation requirements and information needs. 

1407 (c) Mitigation plan. 

1408 (1) Preparation and Approval. 

1409 (i) For individual Orders, the permittee must prepare a draft mitigation plan and submit it to 
1410 the permitting authority for review prior to issuing the Order. After addressing any comments 
1411 provided by the permitting authority. the permittee must prepare a final mitigation plan, which 
1412 must be approved by the permitting authority prior to commencing work in waters of the slate. 
1413 The approved final mitigation plan must be incorporated into the individual Order either as an 
1414 attachment or by reference. The final mitigation plan must include the items described in 
1415 paragraphs (c)(2) through (c)(14) of this section, but the level of detail of the mitigation plan 
1416 should be commensurate with the scale and scope of the impacts. As an alternative. the 
1417 permitting authority may determine that it would be more appropriate to address any of the 
1418 items described in paragraphs (c}(2) through (c)(14) of lhis section as Order conditions. 
1419 instead of components of a compensatory mitigation plan. For perrnittees who intend to fulfill 
1420 their compensatory mitigation obligations by securing credits from approved mitigation banks 
1421 or in-lieu fee programs, their mitigation plans need include only the items described in 
1422 paragraphs (c)(5) and (c)(6) of this section. and the name of the specific mitigation bank or 
1423 in-lieu fee program to be used. 
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1424 (2) Objectives. A description of the resource type(s) and amount(s) that will be provided, the 
1425 method of compensation {i.e., restoration. establishment. enhancement. and/or preservation). 
1426 and the manner in which the resource functions of the compensatory mitigation project will 
1427 address the needs of the watershed, ecoregion. physiographic province. or other geographic 
1428 area of interest. 

1429 (3} Site selection. A description of the factors considered during the site selection process. 
1430 This should include consideration of watershed needs, on-site alternatives where applicable, 
1431 and the practicability of accomplishing ecologically self-sustaining aquatic resource restoration, 
1432 establishment, enhancement, and/or preservation at the compensatory mitigation project site. 
1433 (See § 230.93(d).) 

1434 (4) Site protection instrument. A description of the legal arrangements and instrument, including 
1435 site ownership, that will be used to ensure the long-term protection of the compensatory 
1436 mitigation project site (see § 230.97(a)). 

1437 (5) Baseline information. A description of the ecological characteristics of the proposed 
1438 compensatory mitigation project site and, in the case of an appllcatlon for an Order, the Impact 
1439 site. This may include descriptions of historic and existing plant communities, historic and 
1440 existing hydrology, soil conditions, a map showing the locations of the impact and mitigation 
1441 site(s) or the geographic coordinates for those site(s). and other site characteristics appropriate 
1442 to the type of resowce proposed as compensation. The baseline information should also 
1443 include a delineation of waters of the state on the proposed compensatory mitigation project 
1444 site. A prospective permittee planning to secure credits from an approved mitigation bank or in-
1445 lieu fee program only needs to provide baseline information about the impact site, not the 
1446 mitigation bank or in-lieu fee project site. 

1447 (6) Determination of credits. A description of the number of credits to be provided, including a 
1448 brief explanation of the rationale for this determination. (See § 230.93(0.) 

1449 (i) For permittee-responsible mitigation, this should include an explanation of how the 
1450 compensatory mitigation project will provide the required compensation for unavoidable 
1451 impacts to aquatic resources resulting from the permitted activity. 

1452 (ii) For permittees intending to secure a-edits from an approved mitigation bank or in-lieu fee 
1453 program, it should include the number and resource type of credits to be secured and how 
1454 these were determined. 

1455 (7) Mitigation work plan. Detailed written specifications and work descriptions for the 
1456 compensatosy mitigation project, including, but not limited to, the geographic boundaries of the 
1457 project; construction methods, timing, and sequence; source(s) of water, including connections 
1458 to existing waters and uplands; methods for establishing the desired plant community: plans to 
1459 control invasive plant species: the proposed grading plan. including elevations and slopes of the 
1460 substrate; soil management; and erosion control measures. For stream compensatory 
1461 mitigation projects, the mitigation work plan may also include other relevant information, such as 
1462 planform geometry, channel form (e.g., typical channel cross-sections). watershed size, design 
1463 discharge, and riparian area plantings. 

1464 (8) Maintenance plan. A description and schedule of maintenance requirements to ensure the 
1465 continued viab!llty of the resource once Initial construction is completed. 

1466 (9) Performance standards. Ecologically-based standards that will be used to determine 
1467 whether the compensatory mitigation project is achieving its objectives. (See § 230.95.) 
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1468 (10) Monitoring requirements. A description of parameters to be monitored in order to 
1469 determine if the compensatory m~igation project is on track to meet perfonnance standards and 
1470 if adaptive management Is needed. A schedule for monitoring and reporting on monitoring 
1471 results to the permitting authority must be included. (See § 230.96.) 

1472 (11) long-term management plan. A description of how the compensatory mitigation project will 
1473 be managed after performance standards have been achieved to ensure the long-term 
1474 sustainability of the resource, including long-term financing mechanisms and the party 
1475 responsible for long-term management. (See § 230.97(d).) 

1476 (12) Adaptive management plan. A management strategy to address unforeseen changes in 
1477 site conditions or other components of the compensatory m~igation project, including the party 
1478 or parties responsible for implementing adaptive management measures. The adaptive 
1479 management plan will guide decisions for revising compensatory mitigation plans and 
1480 Implementing measures to address both foreseeable and unforeseen circumstances that 
1481 adversely affect compensatory mitigation success. (See § 230.97(c).) 

1482 (13) Financial assurances. A description of financial assurances that will be provided and how 
1483 they are sufficient to ensure a high level of confidence that the compensatory mitigation project 
1484 will be successfully completed, in accordance with its performance standards (see § 230.93(n)'). 

1485 (14) Other information. The permitting authority may require additional Information as 
1486 necessary to determine the appropriateness, feasibllity, and practicability of the compensatory 
1487 mitigation project. 

1488 § 230.95 Ecological performance standards. 

1489 (a) The approved mitigation plan must contain performance standards that will be used to assess 
1490 whether the project is achieving its objectives. Performance standards should relate to the 
1491 objectives of the compensatory mitigation project, so that the project can be objectively evaluated to 
1492 determine if it is developing into the desired resouroe type, providing the expected condition or 
1493 functions, and attaining any other applicable metrics (e.g., acres). 

1494 (b) Performance standards must be based on attributes that are objective and verifiable. Ecological 
1495 performance standards must be based on the best available science that can ba measured or 
1496 assessed in a practicable manner. Performance standards may be based on variables or 
1497 measures of functional capacity or condition as described in assessment methodologies, 
1498 measurements of hydrology or other aquatic resource characteristics, and/or comparisons to 
1499 reference aquatic resources of similar type and landscape position. The use of reference aquatic 
1500 resources to establish perfonnance standards will help ensure that those performance standards 
1501 are reasonably achievable, by reflecting the range of variability exhibited by the regional class of 
1502 aquatic resources as a result of natural processes and anthropogenic disturbances. Performance 
1503 standards based on measurements of hydrology shoukl take into consideration the hydrologic 
1504 variability exhibited by reference aquatic resources, especially wetlands. Where practicable, 
1505 performance standards should take into account the expected stages of the aquatic resource 
1506 development process, in order to allow early identification of potential problems and appropriate 
1507 adaptive management. 

1508 § 230.96 Monitoring. 

1509 (a) General. 

1510 (1} Monitoring the compensatory mitigation project site Is necessary to determine if the project is 
1511 meeting its performance standards, and to determine If measures are necessary to ensure that 
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the compensatory mitigation project is accomplishing its objectives. The submission of 
monitoring reports to assess the development and condition of the compensatory mitigation 
project is required, but the content and level of detail for those monitoring reports must be 
commensurate with the scale and scope of the compensatory mitigation project, as well as the 
compensatory mitigation project type. The mitigation plan must address the monitoring 
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 party responsible 
for submitting those monitoring reports to the permitting authority. 

(2) The permitting authority may conduct site inspections on a regular basis (e.g., annually) 
during the monitoring period to evaluate mitigation site performance. 

(b) Monitoring period. The mitigation plan must provide for a monitoring period that is sufficient to 
demonstrate that the compensatory mitigation project has met performance standards. but not less 
than five years. A longer monitoring period must be required for aquatic resources with slow 
development rates (e.g., forested wetlands. bogs). Following project implementation. the permitting 
authority may reduce or waive the remaining monitoring requirements upon a determination that the 
compensatory mitigation project has achieved its performance standards. Conversely the 
permitting authority may extend the original monitoring period upon a determination that 
performance standards have not been met or the compensatory mitigation project is not on tracl< to 
meet them. The permitting authority may also revise monitoring requirements when remediation 
and/or adaptive management is required. 

(c) Monitoring reports. 

(1) The permitting authority must determine the information to be included in monitoring 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 as-built plans), maps, and photographs to illustrate site conditions. 
Monitoring reports may also include the results of functional, condition, or other assessments 
used to provide quantitative or qualitative measures of the functions provided by the 
compensatory mitigation project site. 

(2) The permittee or sponsor is responsible for submitting monitoring reports in accordance with 
the special conditions of the Order or the terms of the instrument. Failure to submit monitoring 
reports in a timely manner may result in compliance action by the permitting authority. 

(3) Monitoring reports must be provided by the permitting authority to interested federal, tribal, 
state, and local resource agencies. and the public, upon request. 

§ 230.97 Management. 

(a) Site protection. 

(1) The aquatic habitats, riparian areas, buffers. and uplands that comprise the overall 
compensatory mitigation project must be provided long-term protection through real estate 
instruments or other available mechanisms, as appropriate. Long-term protection may be 
provided through real estate instruments such as conservation easements held by entities such 
as federal, tribal, state, or local resource agencies, non-profit conservation organizations, or 
private land managers: the transfer of title to such entities: or by restrictive covenants. For 
government property. long-term protection may be provided through state or federal facility 
management plans or integrated natural resources management plans. When approving a 
method for long-term protection of non-government property other than transfer of title, the 
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1557 permitting authority shall consider relevant legal constraints on the use of conservation 
1558 easements and/or restrictive covenants in determining whether such mechanisms provide 
1559 sufficient site protection. To provide sufficient site protection. a conservation easement or 
1560 restrictive covenant should. where practicable, establish in an appropriate third party (e.g., 
1561 governmental or non-profit resource management agency) the right to enforce site protections 
1562 and provide the third party the resources necessary to monitor and enforce these site 
1563 protections. 

1564 (2) The real estate instrument. management plan, or other mechanism providing long-term 
1565 protection of the compensatory mitigation site must, to the extent appropriate and practicable. 
1566 prohibit incompatible uses (e.g., clear cutting or mineral extraction) that might otherwise 
1567 jeopardize the objectives of the compensatory mitigation project. Where appropriate, multiple 
1568 instruments recognizing compatible uses (e.g., fishing or grazing rights) may be used. 

1569 (3) The real estate instrument, management plan, or other long-term protection mechanism 
15 70 must contain a provision requiring 6o-day advance notification to the permitting authority before 
1571 any action is taken to void or modify the instrument, management plan, or long-term protection 
1572 mechanism, including transfer of title to, or establishment of any other legal claims over, the 
1573 compensatory mitigation site. 

1574 (4) For compensatory mitigation projects on public lands. where state or Federal facility 
1575 management plans or integrated natural resources management plans are used to provide long-
1576 term protection. and changes in statute. regulation. or agency needs or mission results in an 
1577 incompatible use on public lands originally set aside for compensatory mitigation, the public 
1578 agency authorizing the incompatible use is responsible for providing alternative compensatory 
1579 mitigation that is acceptable to the permitting authority for any loss in functions resulting from 
1580 the incompatible use. 

1581 (5) A real estate instrument, management plan, or other long-term protection mechanism used 
1582 for site protection of permittee-responsible mitigation must be approved by the permitting 
1583 authority in advance of, or concurrent with, the activity causing the authorized impacts. 

1584 (b) Sustainability. Compensatory mitigation projects shall be designed, to the maximum extent 
1585 practicable, to be self-sustaining once performance standards have been achieved. This includes 
1586 minimization of active engineering features (e.g., pumps) and appropriate siting to ensure that 
1587 natural hydrology and landscape context will support long-lerm sustainability. Where active long-
1588 term management and maintenance are necessary to ensure long-term sustainability (e.g., 
1589 prescribed burning, invasive species control, maintenance of water control structures. easement 
1590 enforcement), the responsible party must provide for such management and maintenance. This 
1591 includes the provision of long-term financing mechanisms where necessary. Where needed, the 
1592 acquisition and protection of water rights must be secured and documented in the Order conditions 
1593 or instrument. 

1594 (c) Adaptive management. 

1595 {1) If the compensatory mitigation project cannot be constructed in accordance with the 
1596 approved mitigation plans, the permittee or sponsor must notify the permitting authority. A 
1597 significant modification of the compensatory mitigation project requires approval from the 
1598 permitting authority. 

1599 (2) If monitoring or other information indicates that the compensatory mitigation project is not 
1600 progressing towards meeting its performance standards as anticipated, the responsible party 
1601 must notify the permitting authority as soon as possible. The permitting authority will evaluate 
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1602 and pursue measures to address deficiencies in the compensatory mitigation project. The 
1603 permitting authority will consider whether the compensatory mitigation project is providing 
1604 ecological benefits comparable to the original objectives of the compensatory mitigation project. 

1605 (3) The permitting authority. in consultation with the responsible party ( and other federal, tribal, 
1606 state, and local agencies, as appropriate), will determine the appropriate measures. The 
1607 measures may include site modifications, design changes, revisions to maintenance 
1606 requirements, and revised monitoring requirements. The measures must be designed to ensure 
1609 that the modified compensatory mitigation project provides aquatic resource functions 
1610 comparable to those described in the mitigation plan objectives. 

1611 {4) Performance standards may be revised in accordance with adaptive management to 
1612 account for measures taken to address deficiencies in the compensatory mitigation project. 
1613 Performance standards may also be revised to reflect changes in management strategies and 
1614 objectives if the new standards provide for ecological benefits that are comparable or superior to 
1615 the approved compensatory mitigation project. No other revisions to performance standards will 
1616 be allowed except in the case of natural disasters. 

1617 (d) Long-term management. 

1618 ( 1) The Order conditions or instrument must identify the party responsible for ownership and all 
1619 long-term management of the compensatory mitigation project. The Order conditions or 
1620 inslru ment may contain provisions allowing the permittee or sponsor to transfer the long-term 
1621 management responsibilities of !he compensatory mitigation project site to a land stewardship 
1622 entity, such as a public agency, non-governmental organization, or private land manager, after 
1623 review and approval by the permitting authority. The land stewardship entity need not be 
1624 identified in the original Order or instrument, as long as the future transfer of long-term 
1625 management responsibility is approved by !he pem,ilting authority. 

1626 (2) A long-term management plan should include a description of long-term management 
1627 needs, annual cost estimates for these needs, and identify the funding mechanism that will be 
1628 used to meet those needs. 

1629 (3) Any provisions necessary for long-term financing must be addressed in the original Order or 
1630 instrument. The permitting authority may require provisions to address inflationary adjustments 
1631 and other contingencies. as appropriate. Appropriate long-term financing mechanisms include 
1632 non-wasting endowments, trusts, contractual arrangements with Mure responsible parties, and 
1633 other appropriate financial instruments. In cases where the long-term management entity is a 
1634 public authority or government agency, that entity must provide a plan for the long-term 
1635 financing of the site. 

1636 (4) For perrnittee-responsible mitigation, any long-term financing mechanisms must be 
1637 approved in advance of the activity causing the authorized impacts. 
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